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TVA Development of Pan 
Granulation Processes Fol 
Nitrogen Fertilizers 

Background Work by TVA 

On Granulation of Fertilizers 


TVA piowered infertilizer granulation technology 
in th. eariy 1950's, and as a result nearly ell of the 
grani-lc-r NPK fertilizers in the United States are now 
protiuco', bY the TVA continuous ammoniator-
granulator prwess. This comparatively simple. but 
quite versatile, rotary drum unit with accf-ssory 
equipment !or drying. coling. and product sizing is 
also used in manyN plants throughout the world. An 
adaptation of this process, that was developel in 
pilot-plant work in 196(-61. was rapidly adopted by 
industry for production of granular diammomnum 
phosphate 0i)API with a grade of 18-46-0. Minor 
changes in ope-ating technique allow production of 
monoammonium phosphate iMAPI with a grade of 
about 10-54-0 or 11-52-0. Ammonium phosphates, 
produced almost exclusively by the IN'A process, 
became :.he leading phosphate fertilizer in the United 
States and the world in the 1970's. 

From the start of world production o' arunonium 
nitrate, and later of urea. these straight-nitrogen fer-
tilizers were produced maily by prilling. Droplets of 
concentrated solution or nmelt are spriayed tt the top 
of a tower and solidify to form small spheres as the% 
fall downward through a column of cool air. Prilling i 
an established and dependable process, but there are 
some shortcomings. 

" It is difficult to produce prifls larger than al-jut 
8 mesh; they are not well suited for bulk blend-
ing. aerial application, or for coating with 
suliuc. 

" Prills are partially hollow. and this decreases 
their crushing strength. Fines and dust may be 
formed by the degradation of fragile prills dur-
ing handling and shipment. 

" Very large volumes of air must be moved 

through prilling towers. Equipment for moving 
the air is expensive and zequires considerable 
energy. Collection of dust and fumes from such 
a large volume of air, exiting at the top of a tall 
tower, is difficult and very expensive. 

ftcause of these pro:lems, ree.,rchers at TVA's 
National Fertilizer )evelopment Center 1NFI)CI 
visualized the need for development of a granulation 
process that would be more flexible, more versatile in 
the size of granules that could be produced, and that 
would produce granules with better physical proper­
ties than prills. 

Selection of Equipment and
 
Process for Granulation
 
of Nitrogen Fertilizers
 

TVA introduced ammoe.-ium nitrate in crystalin, 
form in 1949 in a demenstration program. This prod­
uct was good except for the comparatively small size 
and irregular shape of the crystals. A procedure was 
worked out and equipment was retrofitted in a 
demonstration plant for granulating the crystals in a 
rotary drum. They were agg'omerated by use of a 
small amount of steam and by ammoniating a small 
proportion of sulfuri- acid in the drum. The granular 
product was well rounded and had good crushing 
strength, but the addition of si granulation step 
following a somewhat tedious crystallization process 
would be expensive and cumbersome. The advent of 
bulk blending in the mid- 1950's, and its rapid growth 
in the United States in the 1960's. created still 
greater interest in granular nitrogen fertilizers. TVA 
researchers at NFDC began test work specifically 
directed toward development of a full) suitable 
granulation process for nitrogen fertilizers. 

Familiarity with the versatile rotary drum-type of 
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granulator. that works soi v-il for production of 
granular NIPK ,ertilizer, and ammonium phosphates, 
naturally led to furthe-r work Aith thi, tvjw of equip-
ment. (Granulation h use of a concentrated solution 
instead (ifIvagglomeration of crystals was quite dif-
ficult The high ,,uliilit (it animmnium nitrat, made 
granuLhtion %erv lensitiie to nIsn.ture and tempera. 
ture. teccle was not a \ery elfectime control for 
preventing torination of large pellets and ball,. 

The pugmill or h!unger was known to not he' %ell 
suited to granulation of nitrogen fertilizers lie'ausv 
of thet kneading action thai induces excessive plas-
ticit Thte inclined pan pelleti/er had lien J.sed for 
sevc1, year, for aggloewrating fine particles of iron 
ore concentrate and fines from production of glass 
and ceramics An outstanding ft'ature is the inherent 
,'lassif.%ing action in the pan. oersizt formation i-, 
mnini d, and solut ion, can he* easily placed to 
spetificall.N contact the fin, material. In commercial 
operation. hi. pans had li.t.n used mainly to form 
pellet NIf 1 1o 19 m11111,. ,IS1 in) diame.ter much 
larger Ihan art- generally suitable for fertiliers. Thre 
" as slime practitc, in ,rriMnulat ttn of superphosphtes 
in ( eman' .Australia. ,nd a het,other countries. but 
this %,I,an agglome'ration ty tf semigranulation 
The unce.rt ainties poed questions to he' resoled by 
pilot-plant test program 'hat started in the earli. 
1.Hi0,, 

Adaption of the Inclined Pan 
for Granulation of Fertilizers 

IPilot-Plant Studies) 

For the pilot-plant studies, a sm llhatch-type con-
crete mixer was fitted with a pan that was I:)centi-
meters deep and I meter in diaioe :er. The drive was 
adapted for %ariah- speed. and provisions were made 
to allov easy change of the angle of inclination. From 
the start of test work the inclined pan proved to hx-
readilY adaptahle to efficient granulation of ammo-
nium nitrate. and anminiuni phosphate nitrat( 
gra(ht-s of 3(- 10-0) and 2.-5-0270. ( iodresults Aere oh-
taimed later In granulating 30-0.(0 5S anmonium 
nitrattsulfate, 

'l'he granulation step was simplified, since ammo-
niation of the acids could le readily and efficiently 
comule-otd in solution or slurry sy.-tems. The neutral-
iZed solutions could lx- readily concentrated to a low 
water content by heat of reaction and evaporatior 
ptior to feeding to the pan. The hot concenirated 
olutions could be sprayed easily. they flowed readily 

onto and coated the surface of undersiz- part iles and 
rec.led material uniformlY. This te'hnique of opera-

tion of the pan produced well-rounded granules. 
mair!y by layering, as the melt or highly concen­
trated solution solidified. The excellent classifying 
action of the pan limited oversiue production to a 
very small percentage and allowed operation with a 
low recycle ratio of a1 iut -1.In preper operation of a 
pan granulator, the solutions an- spraved only onto 
undersized particles. Ahtreas in a drum or pugmill 
particles of all sizes are we-ttu. Itvthis type of opera­
tion the pan granulator is utilized to take full advan­
tage of its excellent cla.:.,ifving action without 
attempting any ammonia ion in the pan ilL. 

Pilot-Plant Tests of Granulating
 
Hligh-Nitrogen Grades
 

The pilot-plant tests were made with the I-meter­
diameter pan at a production rate of 0.5 metric ton 

' per hour. A flowsheet of the pilot-plant system is 
shoi, n in figure 1. The solutions were prepared b%' 
anmoniating acids and concentrating them through 
use of the heat ot reaction and supplemental heat. 
concent ration was done prior to the final neutralize 
tion step to decrease loss of ammonia, particularly 
from solutions, containing amnonium phosphates. 
The final neutralized solution was of about 951; -961­
concentration. It was fed tl'r-ough steam-jacketed 
lines and spraved through a series of nozzles onto 
undersize part icles and recycle in the upper portion of 
the pan. The stream of recycled material entered the 
pan at the ton and the sprays of hot solution were 
located so that the recycled material cooled the solu­
tion enough to cause it to solidifi- evenl' on the 
undersize particles. When the particles reached the 
proper size, they were dischargM continuously by 
the natural classifying action of the pan before any 
appreciahle amount of oversize Aas produced. The ac­
tion in the pan when operated in this manner is illus­
trated in figure 2. )ata for pilot-plant tes!s in pr,,duc­
tion of granular anmmonium nitrate, ammonium 
phosphate nitrate, anl anmrmniuni nitrate sulfate 
grades are shown in table I 

('omparatively low rates of recycle of alxut 2:1 
were satisfactory. The material discharged from the 
pan was dried. coled, and sized in conv-entional 
equipment. (;ranulati,n efficiency was quite high. so 
ihe products could lx- sc'r(enwd closely., such as 6 to 9 
mesh. With proper cntrol of operation. very uni­
formlY 'ized, well-rounded granular pr(ducts were 
produced. )rying of products of this type that con­

.m11n.1go 1. In dri A.it. v." th, rI-INrI it 
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Table 1. Plot-plant testa of the prod"tion d ammouum mitraLe4Mawd fertllizers 
by the pa-grVnulatlo pr cw 11 meter diuaeter pen) 

Product 

Operating time, hours 

Production rate. tih 

Feed rates. lb/h 

Nitric acid (60%-61% HNO,) 
Phosphoric acid (electric furnace, 61 % PO } 
"'1 -sphoric acid (wet process, 54% PO) 
Sulfuric acid (93%' 12 0'j 
Water 
Ammonia (gaseous) first sage 
Ammonia (gaseous) second stage 
Recycle fines 

Recycle ratio 
Operating temperatures, 'C I0 F) 

Solution to pan 
Granulator product 
Dryer product 
Recycle fines 

pH 
Neutralizer, first stage 

Neutralizer, second stage 

Product 


Chemical analysis, solution to pan, % 
Total N 
NHIN 
P 0. 


iNH), SO. 

W1.O 

Water insoluble 

Screen analysis (Tyler), % 
Granulator product
 

+6 mesh 

-6 +8 mesh 

-8 +10 mesh 

-10 mesh 


Screened product
 
+6 mesh 

-6 +8 mesh 

-8 +10 mesh 
-10 +12 mesh 
-12 mesh 

Chemical anal) us, % 
Unconditioned product 

Total N 
NHN 
PI0 
INH 4 )1SO4 
H0 
Water insoluble 

NH :HPO mole ratio 


Ammonium 
nitrute 

4.0 
0.5 

1.354 

235 
1 

1.104 
1.1 

168(334) 
98(208) 

120 12491 
64(147) 


4.0 
6.1 
5.3 

32.8 
16.4 

6.5 
-

38.1 
29.8 
19.1 
13.0 

0.8 
53.3 
45.4 
0.4 

0 

34.6 
17.3 

0.6 

30-0-0 
Ammonium 

nitrate 
sulfate 

5.0 
0.5 

1,010 

171 
76 

248 
8 

1,779 
1.8 

189369) 
98 1207) 

123 (251) 
4811171 


2.7 
6.3 
5.4 

31.1 
17.6 

22.5 
3.5 

15.8 
36.0 
38.7 
9.5 

0.5 
28.5 
67.9 

2.7 
0.1 

31.9 
18.3 

22.5 
0.03 

30-10-0 25-25-0 
Ammonium Ammonium 
phosphate phosphate 

nitrate nitrate 

6.3 4.0 
0.5 0.5 

1.013 f" 9 
j6 

185 

220 20W 

750 1,123 
0.75 1 1 

1701335) 1741343) 
109(226) 106(222) 
1381278) 109(227) 
4411101 441110)
 

4.7 5.0 
5.6 5.4 

29.5 24.9 
15.8 

10.4 28.1 

2.1 

12 10 
22 41 
56 42 
10 7 

0 0 
48 28 
48 67 

4 4 
0 1 

30.4 24.9 
16.6 15.7 
11.5 28.5 

0.5 0.2 
2.2 ­

1.23 1.12 
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H 3 PO 4 (FOR APN) & 

H 2 SO4 (FOR ANS) 

RCYCLE HN03
MATERIAL 

ANHYDROUS NH 3 

ANHYDROUS NH 3 - ) " H2 S ,~~ ) .F %R ~ A,,S) 

95% -- S-TEAM-V .. 
RECYCLE FEEDER " 0LUTION 

2' STAGE EVAPORATOR IST STAGE 
Y NEUTRALIZER NEUTRALIZER 

PAN \' NOZZLES 

GRANULATOR ..\ __,_....___
 

DRY'ROVERSIZE 
(- MESH)
 

~SC REENS
 

CRUSHERCOLR 

I FINES(-iOMESH) (C+1 EH
 

I IPOD T 

Figure 1. Flow diagram: pan-granulation pilot plant for production of 
granular ammonium nitrate, ammonium phosphate nitrate, and 

ammonium nitrate sulfate 

tained large amounts of ammonium nitrate required movement of undersize material. The best position 
compratively long retention time, and use of drying generally was in the quadrant of 9 to 12 o'clock with 
gases of moderate temperature. The products had counterclockwise rotation of the pan (figure 2). Spray 
good storage properties when dried to a moisture con- nozzles of the solid cone type were satisfactory. Solu­
tent of 0.2%64.4% and conditioned with about 2% of tion temperature of 165'C (330'F)and bed tempera­
diatomaceous earth or other appropriate conditioner. ture of 1000 to 105 0 C (210 to 220'F) were best. The 
Iln later work using 99+% solution no drying was importance of sufficiently high temperature of the 
needed.) solution preheat in obtaining well-rounded granules 

Critical features for best operation of the pan was borne out in later plant-scale experience 12). 
granulator are listed below. Electric-furnace phosphoric acid was used in most 

" Angle of inclination, of the pilot-plant tests in production of ammonium 
" Rotational speed. pb;,sphate nitrate (APN) grades. However, use of wet 
* Location of solution sprays rrocess acid of 54% P.O. content in production of 
* Concentration and temperature of solution. 30-10-0 and 25-25-0 in a few tests was completely 
* Temperature of recycle. iatisfactory and gave somewhat better granulation. 
* Temperature of materiau in the pan. 1'he concentration of nitric acid used ranged from 

Best operation was with a pen angle of 60 to 65 55% to 61%. 
degrees and with a speed of a4.ut 30 revolutions per Although most of the pilot-plant work was with N 
minute for the 1-meter pan. The spray header was and N-P grades, some tests were made of the addition 
adjustable in an upper quadrant of the pan to allow of potassium chloride to produce grades such z­
optimum positioning of the sprays with respect to 24-6-12, 17-17-17. and 214-21. Operation was better 
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COLC~U*IOf ~.,jter Diame'.s Depth Angle of 
of pan of bed inclination. 

-V... Meters (I) cm in) degrees 
1 13) 25 9) 65 

- 1.8 (a) 35 (14) 65 
2.5 (8) 40 (16) 65 

, Pan Capacity Surface ares/ 

CO~'e 
POO, - -

speed.
r/min
25"30 

of pan
tlh 
0.5 

toproduct
M2 (It 2 ,1 
1.2 (13) 

18"22 2to2.5 1 i1) 

17 t~15.18 3.5 to 4 1.2 113) 

FIgure 2. Sketch of plan operti 

and the granules were smoother when the potash was 
fed to the pan with the recycle instead of being 
dissolved in the solution prior to spraying. 

Intermediate-Scale Tests with 
6- and 8-Foot Diameter Pans 

After successful operation of the pilot-ant system 
had been demonstrated using the 1.0-meter pan, a 
larger pan 1.8 meters (6 ft) in diameter, together with 
solution preparation equinment, was fabricated and 
installed for tests in a lemonstration plant where the 
regular operation was grnulation of ammonium 
nitrate crystals in a rotary drum. Good granulation 
of both ammonium nitrate and APN of 30-10-0 grade 
was obtained at a production rate of about 2.3 tons 
per hour. Lata, the size of the pan was increased to 
2.5 meters (8 ft) in diameter to permit production of 
about 3.5 tons per hour in routine operation on a 
sktresm in the plant. Operation of the larger pans 
with lower loss of hast emphasized the importance of 
temperature of recycle on granulatn efficiency and 
on recyrJe ratio required for proper control. The recy-
cle ratio was 1.5 or 2:1 when the recycle was at a 
temperature ol about 60*C (140F); with recycle at 
700C (160°F) the requirement was 2.5:1 (2). 

Comparative data for optimum operating condc-
Lons with pans of the three sm used in the develop 
mint work are tabulated below. Thee data aiai for 
production of ammomium iftrats and 30-10-0 APN. 

The data shown above were quite consistent and 
appeared to give a good basis for scalup to units of 
commercial size on the basis of pan surface ama re­
quired. Surface arm in the range of 1.0 to ].3 square 
meters I1 to 14 sq ft) per hourly ton of product was 
indicated. Angle of iiclination of about 65 degrees 
was best with each size of pan. The optimum rota­
tional speed was derived from a c'dculation related to 
critical speed of a drum granulator. The following 
relationship was used for this cakulation (3): 

Speed of rotation (r/min) 

=K, I-COSOj (76.5) or 142) 
"VIY"t V/'DF 4i 

WhereO = angle of inclination of the pan 
D = diameter of pan 
K, = a constant derived from experimental 

data, usually 1.0 to 1.6 

The depth requred for a pan granulator of a given 
dimeter can be estimated by the following relation­
ship: 

depih of pan = K2 (VD) 
Where K2 = constant obtained from dimensions of 

experimental pan-
K2= 1.3 to 1.6 when D = pan diameter in inches or 
0.8 to 1.0 when D -- pan diameter in cm. 

Expeiesim with Plait-Scale
 
Pan-Graaulatio. System
 

On the basis of succesful pilot-plant tests and 
intermediatescale operatiom, a denmonstration-plant 
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system for production of 20 tons per hour of granular 
ammonium nitrate and APN products was designed
and constructed by TVA. 

Operation started in 1966 and continued for about 
6 years producing ammonium nitrate, 30-10-0 and 
25-25-0 (APN) and 30-0-0-5S amonium nitrate 
sulfate (ANS). Two pans of 4.3 meters (14 ft) diam-
eter were selected on the basis of experience with the 
smaller uuits that indicated scale-up on a factor of 
about 1.3 square meters 114 sq ft) of pan area per 
hourly ton of product Speed of rotation and angle of 
inclination of the pans were variable. Each pan was 
driven with a 50-horsepower motor. The pans were 
constructed of plain carbon steel. Type 316 stairdess 
steel was used for solution preparation equipment 
and for the spray system. Production capability of a 
single pan was found to be higher than the 10-ton-per-
hour design rate; a single pan was routinely used for 
production rates as high as15 to18 tons per hour and 
for some pernads at about 20 tons per hour. 

Since the rolling action in the 14-ft pans at the 
maximum designed speed of 14 rmin did not appear 
to be so good as in the smaller test units, a change 
was made to increase the speed of rotation to 16 
r min and later to a fixed speed of 19 rmin. A depth 
of about 40 cm 116 in) for the walls of the pan was 
best. The 14-ft pans also gave best results whert 
operated at an angle of abouw 65 degrees. Design of 
suitable scrapers for keeping the Wttom of the pan 
free of buildup of solids was a problem that was 
solved in a ,eries of mechanical changes. A 
reciprocating unit with a single tooth moving across 
the face of the pa-i at a speed of about 1.5 meterrimirn 
15 It.min) kept the bottom clean (figure 21. A fixed 
scraper prevented excessive buildup on the walls (4). 

Since TVA demonstration programs with straight 
ammonium nitrate had been completed, only a few 
hundred tons of this fertilizer was produced in the 
demonstration plant. Operating time was sufficient 
to indicate that a good product could be produced A 
total of a few hundred thousand tons of 30-10-0 and 
25-25-0 grades of APN and 304-0-5S ANS was pro-
duced in part-time operation for about 6 years. These 
rew fertilizers gave very good results in agronomic 
and industrial evaluation in TVA programs. The 
granular products were particularly well suited for 
effective bulk blending. The ANS proved to be a very 
effective source of secondary iw-ient rulfur in the 
Western United States and estern Canadian 
Provinces. Industry in those areas began substantil 
production of these fertilizh-s after the TVW, 
demonstration products had been effective in early 
market development. 

Changes in the Demonstration-Plant System 

Most of the problems in the demonstration plant 
were related to the two-stage neutralization system 
for the acids. A major change was installation of a 
seond-stage neutralizer with greater volume and 
more surface area than the one iustalled originally. (If 
a system of this type were to be installed now. the 
equipment and operation would be simplified by use 
of 99.5% solution or melt of ammonium nitrate as 
shown later in figure 4 for granulation of urea.) 

With the larger second-stage neutralizer, operation 
at the preferred low pH in the first stage was prac­
tical. This eliminated most of the problems that had 
been caused by stoppages due to crystal formation in 
lines, valves, and spray nozzles when operating with 
higher pH in the first stage. The first-stage 
neutralizer operated best at a pH of about 1.3 (NH3 
to H3P0 mole ratio of about 1.4) and at a 
temperature of 150'C (300°F) to maintain maximum 
fluidity of the slurry in the neutralizer and concen­
trator. Operation of the first stage at low pH and 
high temperature ga%e a solution of higher concentra­
tion than was provided in previous operation. Am­
monia losses from the concentrator and the amount 
of steam required for the evaporation step were 
greatly decreased by the low pH method of operation. 
Typical demonstration plant data for the preferred 
low pH method of operation are given in table 2. 

Maximum production of 30-0-0-5S for a 24-hour 
period was 472 tons. The product had very good ap­
pearance, the granules had good strength, and 
storage properties were good when the product was 
treated with about 2% of diatomaceous earth condi­
tioner 14). 

Ammonium Phosphate Nitrate 

Both 30-10-0 and 25-25-0 grades (of APN 
granulated satisfactorily when 2 to 3 kg of recycle 
was used per kg of feed solution to the pan. Granula­
tion was satisfactory with one pan at rates up to 23 
tons per hour after the speed of the granulator had 
been increased to 19 r/main and the slope increased to 
about 70 degrees. A recycle ratio of about 4 to I was 
required to cover satisfactorily the bottom of the pan 
after the speed and slope were increased. 

Both the low- and high-pH methods of operating 
the solution system were used. At first, essentially all 
the ammonia required for neutralization was added 
to the first-stage neutralizer and only enough am­
monia was added in the second stage to make up for 
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_00__ ___ _ _ _ _ _-
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pH 
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GramnuIc, product 5.0 55 

Nton 04 304 

P20 i0.1 


Mostu 0.34 0.15 
C rtiasr 19 L2=s1K9M AM2 


poduct,%United
fryiar, oamUMU&UVO
 
+5 0"0 0.0 

t.bUN" 0.0 

+6 mob0 2.0
 
* 12 mmh 94. 7.0 
* 16 1k 
-Illb 1.0 1.0 

'Low pH OplMwS of W ammdatlh 

losses in the system. The first stae was operated at 
a pH of 5.2 and a temperature of about 140*C 
(280°F). Ammonia losses were very high in the con-
centration step at this high pH.

The preferrd low-pH method of operation of the 
solution system was practcal after the larger second-
stage neutralizer wos installed. The low pH of 1.5 to 
1.6 (NH3 to H3PO 4 mole ratio of 0.65) in the first 
stage was regulated by automatic control of the am-
mania flow rate. The return of mother liquor to the 
first stage was adjusted to hold the temperature of 
the solution at about 150°C (300*F) in that uniL The 
cormentrar was opwated at low pH. and enough 
ammecia was added in the sacon dtage neutraliz 
to bring the pH of the final solution to the range of 
5.0 to 5.3. The conmintration of the solution fed to the 
pan romined at about 96% and the temperature was 
about 170"C (340"F). The entire siolution my~ 

operated satisfactordy after this change. Ammonia 
loss from the concentrator was essentially eliminated 
mid total losses were decreased to an acceptable level. 
Typical operating data are shown in table 2, and a 
screen analyis profile thr(ughout the procems is 
shown in table 3 (4). 

Particle size appearance, and physical properties 
of the products were good when treated with about
2% of diatomaceous earth conditioner. 

A morm effective hood was installed over the pan to
collect ammnxi fumes and dust. A 'lype-R Rote­
clone scrubber was installed for recovery of these 

materials as a solution which was returned to the 
solution ;reparatiort system. This system was easy 
to operate and maintain, and gave very good results. 

The higher production rates obtaiid in the demen­
stration plant indicate a scale-up factor of about 1 
squar meter (10 sq ft) of pan surface per hourly twx 
of product.This isconsiderably more favorable than 
the design factor of 1.3 square meters (14 sq ft) that 
was based on pilot-plant experience. 

Production of Granular Urea and
Urea-Baaed Futilizers 

As tha practice of bulk bleiring spread in the 

States and production of urea grew, there was 
wide interest in use of this fertilizer of high concen­
tration (46% N) in formulating bulk blems. Conven­
tional prils are smaller than the other granular
materials such as ammonium phosphates, triple
uppospaW, and potassium chlorid that are cus­

tomarily used in bulk Wending. Because of this differ­
ence in partie aim distribution, uniform blends that 
contain urea prW3me diffwult to produce, and they 
seregate badly in handling, atoae and transport. 
The good TVA experience in use of a pan granulator 
for production of ammonium nitrate-baed produe:, 
ed naturafly to selection of the inclined pan for 

granulation of urea when studies were started in 
1963. 

Pilot-Plant Test Work In 
Production of Granular Urea 

The first pilot-plart testa of granulation of urea in 
the pan involved use of molutions of 96% to 98% con­
centration. Granulation generally was good. but dry­
ing of the product was required to obtain product 
molture content low nough for satisactory storage 
propartia. The need for a comparatively Mle and 
costly iotary dryar in the system woul detract from 
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Table 3. Typical screen analysis of materials in solids system
(grab samples from 300-0 production at low pHI 

Screen analysis, mesh I",ITyler)
+6 -6 +8 -8 +10 -10 +12 -12 +14 -14 +16 -16 +20 -20 

Recycle fines 2 6 
Product from granulator 
Product from predryer 

4 
2 

11 
10 

Product from precooler 
Product from dryer 

0 
0 

15 
14 

Product from cooler 0 14 
Conditioned product 0 16 

a pan-granulation process, since prilled urea by the 
time of ,.is work was made with essentially anhy-
drous solution or melt and drying was not required. 
In subsequent pilot-plant tests the use of solution of 
99.3 -99 .8 1" concentration was tested in the pan. 
The concentrated solution was prepared by melting 
prilled urea. Good granulation was obtained and the 
granules were well rounded when the temperature of 
material in the pan was controlled in the proper 
range. No drying was required 15). A photograph of 
the pilot-plant pan granulator is shown in figure 3. 

From the start of work in granulating urea, it was 
apparent that crystallization is sharper and occurs in 
a narrower range of temperature than had been ex-
perienced with ammoaium nitrate. Ammonium 
nitrate, therefore, stayed plastic longer, coated more 
evenly on undersize in the pan. and a broader range of 
temperature of material in the pan was practical. It 
was necessary to control the temperature of urea 
melt, recycle. and material in the pan in a consider-
able narrower range to produce well-rounded and 
hard granules. 

Both "high-temperature" and "low-temperature" 
methods for granulation of urea were tested in pilot-
plant work 15). In -"high-temperature" granulation, 
the temperature and quantity of recycle material 
were regulated to keep the bed temperature in the 
granulator a. 100 to 120'C (2300 to 250'Fl. This is 
only a few degrees below the crystallization tempera-
ture of the feed solution. When the temperature of 

°the recydle was E,} to580 C1120 0 to 1350F). a recycle 
to feed ratio of 1.0 to 1.5 was required to obtain best 
results with the "high-temperature" method. In thir 
type of operation, the granules are somewhat plastic 
anr' attain a spherical shape by rolling in the pan. The 
chief disadvantage of high-temperaturm granulation 
is that an upset in recycle temperature or rate may 
allow the entire bed in the granAlator to melt and 
thereby interrupt operation. 

In 'low-temperature" granulation, the tempera-
ture and quantity of recycle material are regulated to 

26 27 16 12 5 6 
32 22 11 11 4 5 
31 26 10 12 2 7 
64 17 2 2 0 0 
66 i6 2 2 0 0 
66 15 3 1 1 0 
64 15 4 1 0 0 

provide a granulation bed temoerature substantially 
below the crystallization temperature of the feed 
solution. This results in thin layers of solution 
crystallizing on the fines and recycle material during 
each pass under the sprays. This method of operation 
is particularly well suited for producing uniformly 
large products desired for special uses. The bed 
temperature with "'low-temperature" granulation 
was 100' to 105'C 1210' to 2200 F). A recycle ratio of 
2or 3 to 1 v.as required to control the temperature of 
the granulation bed in this range when the 
temperature of the recycle material was in the range 
of 500 to 60'C I i 20' i35'F. One major advantage 
of "low-temperature" granulalion is that the system 
is more stable and small variations in recycle will not 
greatly affect granulation. Granules of larger size. 
suitable for either forest fertilization or use as a 
substrate material for sulfur coating, are easily pro­
ducd by low-temperature granulation (5). 

The granular urea made from 99.5% solution dia 
not require drying. This greatly simplifies the proc­
ess and decreases the :nvestment, since a large rotary 
dryer and accessory equipment for moving air, collec­
ting dust, and scrubbing are not required. Even 
though the moisture content was no higher than 
about 0.1%, the granules caked in storage unless 
treated with 2% of activated clay-type conditioner. 
Later, in operation of a demonstration-scale plant. 
the addition of about 0.41,10 of formaldehyde solution 
to the melt in the pipeline between the evaporator 
and pan gave guod storage properties without need 
for further :onditioning (6!. 

Pilot.?lant Tests in Production 
of Urea-Ammonium Sulfate 
and IJrea-Ammoniu,- Phosphate 

A few tests were made in the pilot plant in 1966 to 
explore production of granular urea-ammonium sul­
fate UAS). Grades studied were 35-0-0-lOS and 
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Figure 3. Pilot-plant pan granulator 

40-C,0-4S. These products were shown to be very 
good sources of secondary nutrient sulfur. Two proce- 
dure!,; for addition of ammonium sulfate were tested. 
In one. dry crystalline ammonium sulfate was added 
to the- recycle fines stream: in tkw tther procedure, 
the solid ammonium sulfate was mixed with the urea 
solution before granulation. Satisfactory granulation 
was obtis ;i d using either procedure. liowever. 
operatioht I::i.apler *.Lt mwthe ammonium sulfate 
was added as a J .:,h dwia' the recycled fines; this 
methold of operat: T 'a, L-.i. J in the TVA demonstra-
tion plant. 

Urea-ammonium phosphate IUAPI grades 28-28-0. 
33-20-0. and 35-17-0 were readily produced in the 
pilot-plant pan-granulation system in 1965. Concen-
trated urea solution 1961 -98'1 and ammonium phos- 
pate slurry from a preneutralizer were sprayf- as 

separate streams onto recycle in the pan granulator. 
The product was dried, cooled, and screened at minus 
6 plus 10 mesh. The comparatively high moisture 
contents of the combined fluid feeds 1201" -26'1 for 
the ammonium phosphate slurry and '.!' -4'- for the 
urea) required recycle ratios that ranged from 3 to 5. 
The products had excellent physical properties and 
stoied well when dried to 0.6c moisture and condi­
tioned with 2", of clay or diatomaceous earth. Either 
wet-process or electric-furnace phosphoric acid was 
suitable as a -sourceof P.,, for the process. This type 
of op,ration, with elimination of the drying step. 
would be necessary for a viable commercial pan­
granulation process for UAP. Production of UAP 
grades using 99% urea solution was not tested. 

In addition, TVA has produced UAP grades of 
28-28-0 and 35-17-0 for 6 years in a demonstration 
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plant 15- 17 t, h) by a pipe reactor-pugmill granulation 
process 17. A pipe reactor-rotary drum granulation 
process for UAlP grades has shown advantages in 
pilot-plant work 18). 

Demonstration Plant 

Production of Granular Urea 


The TVA demonstration-plant system that had 
been used for production of fertilizers based on am-
monium nitrate by pan granulation was adapted for 
production of granular urea. The system was gener-
ally simplified, since use of 99.5- solution eliminated 
the need for a dryer. The only new major equipment 
reluired was an air-swept, falling-film. vacuum eva-
porator for concentrating 75.011 urea solution from 
the synthesis unit to about 99.5'1. A flow diagram of 
the process is shown in figure 4. Operation in produc-
tion of granular urea at about 9 tons per hour started 
in late 1973: the production rate is limited by the 
capacity of the urea plant (6). 

(hoo granulation was obtained (luring initial 
operation. but some conditi ns that were favorable to 
g(o)d performance in Ihe pilot plant were difficult to 
obtain in larger plants. Most of the existing equip-
ment. used earlier in production of ammonium 
nitrate-based fertilizers, was oversized because it had 
been designed for production rates of IS to 22 t. h 
while the design production rate of the urea plant is 
only about 9 t h. The larger equipment caused greater 
heat losses and made it difficult to maintain 
operating temperatures in the preferred range, par-
ticularly 'uring periodis when the ambient tempera-
tare was low. 

Dust generation in the plan. equipment has been a 
problem since operation bega i. Dust is generated in 

J ... 
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- Iprograms 
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Figure 4. Flowsheet for pan granulation 
of urea and UAS 

the crushers, in the granulator where the concen­
trated solution sprays strike the scraper and bottom 
of the pan, and by attrition of the granular product as 
it passes through the coMler and othcr equipment. 
Dust is undesirable because of the increased cost of 
collecting and reprocessing it in the solution system. 
Also. it is believed that the presence of dust in the 
granulator results in granules with lower crushing 
strength than those that would be produced if the 
dust was not present. Decreasing the speed of the 
chain mill used for crushing oversize from 1.200 r min 
to 900 r min significantly decreased the amount of 
dust formed in that part of the system. 

Operation was also improved after the following 
plant changes were made: 

a 	 The effective diameter of the par. granulator 
was decreased to 3.7 meters 112 ft) and a more 
efficient solution spray distributor with addi­
tional nozzles and broader coverage was in­
stalled. 

e 	 A new spray-type, direct-contact condensing 
scrubber was installed to recov.er the process 
material that was being discharged with the 
urea evaporator exhaust gases. Emissions from 
the evaporator then were within required envi­
ronmental standards. 

.	 A system was installed to feed formaldehyde 
solution to the urea melt before it is granulated. 
The formaldehyde is added to increase the hard­
ness Icrushing strength) of the product and to 
provide an incorporated conditioner. Use of for­
maldehyde (0.4', by wt) increased the product 
grade to 46' nitrogen as compared with 45'­
when the higher proportion of oil-wax, kaolin 
clay combination was used as conditioner. In­
corporation of formaldehyde consistently pro­
vided granular product with good storage 
characteristics without the use of any external 
conditioning agent. The crushing strength of 
the granules was more than doubled, so less 
dust Aas formed by attrition.A photograph of the :1.7 meter {!12 ftU diameter pan 

gr inulator for urea is shown in figure 5.The demonstration plant operates on a routine 

basis with only a moderate amount of attention when 
making products for TVA s fertilizer demonstration 

with industry and agriculture. Main uses 
are in bulk blending and for direct app ication. Close 
control of process conditions and mo;,e operator at­
tention are required when a particularly smooth and 
spherical product is recluired for special uses, such as 
substrate material for sulfur coating (9. 10. !1). Some 
additional minor equipment changes are planned 
which should allow the plant to operate with less at­
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tention. Typical operating data are shown in table 4. 
The natural classifying action of the pan granula-

tor results in a product with a large proportion of the 
granules in the size range that matches major com-
mercial granular products. such as d-ammonum 
phosphate, granular potassium chloride. and triple 
superphosphate. used in bulk blending. The size of 
granulator product during a per.od when smooth 
spher-ical product was being made is compared with 

Table 4. Operating data-pan granulation
of urea in TVA dernonstration plant 

Productior, rate. th 8.5 

Pan granulator 


Speed. r min 18 
Slope. degrees 66 
Number of sprays 10 

1'rea 

95,1 solution 

Temperature. C 93 1200SF)
Feed rate 11l041 basisi, thConcentrated solution to 8.5" 

granulator 

Femperalzte. C 115 2900F)
Concentration. i 98.5-99.0 

Granulation 
Recycle 

Temperature. C 45 11153F)
Ratio. lb lb product 2.1 

Granulator product 
Temperature. -C 100 1213 0 F)
Screen analysis. I, 

+6 mesh 7 
--6 + 10 mesh 59- 10 + 1 28 
- 16 mesh 6 

Rotar" coolers 
Temperature. C 

Precoler 55 (I30PF)
Product cooler 45 (1lOF)
Recycle cooler 47 115cF)

Product 
Chemical analysis. 

Totl N 45,5~Biuret 1.111 Karl Fiher 

Conditioner 


Oil-wax mixture 0.3 
Clay 0.7 

Screen analysis. I-
+6 mesh 0 

-6 +8 mesh 30 

-8 +10 mesh 55 

-10 + 12 mesh 10 

-12 +16 mesh 5 

- '6mesh 0 

the TVA-size specifications for screened product in 
the following tabulation. 

Screened 

Mesh size 
Granulat 
product 

r product 
specification. ' 

+6 8 0 
-6+8 28 35 
-6 +10 
-6+16

-16 
67 
89

3 
85 

100
0 

-16 3 0 

Itcan be seen from these data that about 89'1 of 
the granulator product would meet TVA product-size
specifications if only the plus 6 and minus 16 mesh 
fractions were removed by screening. Allowing for 
some breakage and attrition of the granulator prod­
uct during handling, it is ob% ious that a considerable 
amount of onsize product. is used to meet the 2:1 to 
3:1 recycle requirements for control of granulation.

Screening the product as min'is 6 plus S mesh 
would provide a -natural" source of recycle without 

returning product ,0 the granulation system. The 
cosely sized product 1-6 +8 meshl would be very
good for direct application or as a substrate for sulfur 
coating. but it would not be very. suitable from the 
standpoint of size distribution for bulk blending with 
conventional granular materials. 

Recent Process Improvements 

Process losses from the demons'.ration plant after 
improvements were made are ne4ilgible. Dust from 
various sources is collected in wet scrubbers of the 
lo% energy-ty)e, and the sciubber solution is re­
turned to the evaporator for reprocessing. A recir­
culating spray-type scrubber removes ammonia and 
particulite materials from the gaseous exhaust 
stream from the evaporator. The plant is in corn­
pliance with the State of Alabama's stack gas emis­
sion and effluent water standards.

Th1iadat 
The principal disadvantage of the dust collection

and recovery system in the TVA demonstration 
play t was that the wet scrubbers had to operate with 
relatively dilute solution (about 50'-() to prevent
salting whenever a surge of dust entered a scrubber. 
Return of the dilute solution increased the load on the 
evaporator and made operation within a tight water 
balance difficult. A bag filter system was installed in 
late 1979 to collect a large part of the dust in dry
form. Early operation indicates that the solution
rcturned to process will have a concentration of about 
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75"t. instead of 50'- which wan necessar-" before the 
bag filtei was installed. Although rigid operating 
procedures ,-nd ,.eater rnaimtenanc, surveillance are 
required wi i. hag filters handling hygros-opic dusts, 
use oi such eq~ia :nent has become much more pre%a-
lent In fertihL-_i- granulation, plants. In miny situa-
tions a bag filter unit is ai)out the only practical 
means for meeting environ-,ental stiandards. 

Quality and Phy's4-ii Propert-ies 
of the Granular Urea 

Quality of the granular product is good The 
granules are spherical and have a smooth, but not 
polished, surface texture when granulated at a tern-
perature in the range of 105 and 107 C i220 and 
225 Fi. The finished po(' ct uwially ,contains from 
0,10', to 0 15', moisture and from 1.)- to 15-K 
biuret, which is suitable for all fertilizer uses except 
foliar zpplication. The biuret content is largely a 
function of the amount of scrubber solution recvcled 
to the process. 

The product has good storage and handling charac-
teristics when coated with about 0.3'K of an oil-wax 
mixture and about 0.7-1 of kaoln (lay. The oil-wax 
mixture functions primarily as d dust suppressant. 
However, as described earlier, the practice of incorpo-
rating 0.4K of f -rmaldehvde provides go(od storage 
and handling chajacteristics without the use of sur-
face conditioning agents. The formaldehyde :-.olution 
gives best results when fed into the concentrated 
solution in the pipeline between the evaporator and 
pan Ifigure 51. The solution consists ot 371K formalde-
hyde, 12', methanol, and 51; water. The methanol 
is added to ensure fluidity at ambient condit ions. The 
product with either treatment is e ;ntiilly dust-fret 
during handling. storage. and shipping 16). 

The granules 1-6 + 8 mesh) contuning about 0.4'-
of formaldehyde have a crushing strength of 1.8 to 
2.7 kg 14 to 6 lbi compared with a range of 0.9 to 1.6 
kg 12.0 to 3.5 I) for granules that do not contain for- 
maldehyde. Urea prills of a comparable size have a 
crushing strength of only 0.5. to 1.0 kg I to 2 Ibi il10. 

Operation of the demonstration plant has estab-
lished the feasibility of the TVA pan-granulation 
process for producing granular urea. Operating dif-
ficulties and some process control problems were 
encountered because of the use of mismatched equip-
meat (arger size than neededl that was already in-
stalled. It is evident that most of the difficilties 
could be eliminated in a commercial plant designed 
specifically for this purpose. 

Users of the T'VA granular urea have been enthusi-

astic about its appearance and fpxoperties, and it has 
been particularly suitable 14, bulk blending 
(ranular urea with partit'e-size c.istribution and sur­
face texture suitable for preparation, of sulfur-coated 
urea ISCIJ in TVA's new demonstration unit is being 
produced 1121 

Urea Cosys Granulation Versus Prlling 

Air prilling and granulation are the most common 
means of producing solid iertilhzer-grade urea. In 
selecting the process to be used for new installations. 
the producer should consider production costs, 
customer preference for speific product p),,.,wrties. 
and environmental controls required for each process. 

The granulation orocesses (both pan and spray 
drum are more an iable to control f product size 
and quality than prilling Control and recovery of 
fumes and dust also s easier and less expensive. The 
larger products nade by gar.ulation art, much better 
suited for use in bulk blending, forest fur! "ization. 
aerial application, and sulfur coating Both i:ne prills 
aad granular products ar., suitable for direct applica­
tion. A decided customer preference for the granular 
products apiars zo be developing. 

Control of atmospheric emissions is easier for the 
granulation processes than for the prilling process. 
largely because of the much smaller volume of air 
handled in khe granulation system AlIso. prill towers 
are tall and scrubbing equipment ,,)uld need to [N, in 
stalled and operated at the top of the tower or exten­
sive large ductwork would be required to bring the air 
to a ground-level scrubber. Installation costs for dust 
collection and recovery, therefore, are much less for 
granulation than for air palling. 

It is diffict , to get a realistic estimate of the corn­
parative costs of producing urea by t he various proc­
esses The relative production cost for each process 
would vary with the size of the installation. get­
graphic location, utility costs, and the regulations for 
atmospheric emissions. 

A TVA estimate published in 1975 131 indicated 
production cost for pan granulation to be ab,_. $1 
per ton more than for prilhng in a 400-ton-per-da% 
piant and about S2 per ton higher in a 1.000-ton-per­
day plant. However, there is a question whether the 
exhaust air from prill towers would meet the atmos­
pheric emission standards for many areas. Installa. 
tion of adequate pollution control equipment for the 
prill towers as mentioned above would probably in­
crease production costs for prills to at ",,astthat for 
pan-granulated urea. 

Because of increasing restrictions on allowable at­
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mospheric emissions and consumer demands for the the formation of dust by attrition; lower heat losses 
larger and harder granulaa product, ma'w producers in size-natchud equipment would facilitate control of 
are taking a close look at the pan-granulation process 
for use in new facilities that are to be built; the im-
proved quality sh-.., At justit i slightly higher cost 
for the granular urea product. 

Status of Development and 

Lemonstration of TVA's 


Pan-Granulation Process mad 

Outlook for Commercial Use 


TVA'% thorough pilot-plant development work on 
pan-granulation processes f.r ammonium nitrate and 
urea. and 6 Nears of d-monstration plant experience 
with each have proved their viability for commercial 
us? The demonstration plant experience at produc-
tion rates of 1i to 22 tons per hour for ammonium 
nitrate-based products and albout 9 tons per hour 
(capacily of urea ,,hIktion plant) fo.r granular urea 
have shown that the basic processes are sound. 
Equipment and process technique have demon-
strated versatilitv and flexibility. IFroduction 
capability for the TVA pan granulators was demon-
strated to be considerably higher than was projected 
from pilot-plant experience. Product quality from the 
standpoints of granule size range that can be pro­
duped. shape, crushing strength, and storage proper-
ties has been excellent. A simple treatment of the 
concentrated urea solution with 0.4' of for-
maldehyde ensured 46' N grade without need for 
further conditioning, and greatly increased the 
crushing strength of the granules. 

Improvements were made during the course of 
TVA demonstration plant operation, and problems 
that remain are related mostly to those inherent to 
auxiliay equipment from other processes that were 
too large or poorly suited. The pan-granulation 
system fully meets rig'd 11979) standards of 3ir and 
water quality as specified by the State of Alabama. 
and U.S. regulatory agencies. Operating experience 
has shown that a few basic changes should be made 
in the system when designing a commercial plant. 
Collecting a large part of the dust dry by use of a hag 
filter, as implemented in the TVA demonstration 
plant in late 1979, results in scrubbing liquor of 
about 75'- concentration. Return of this more con-
centrated solution to the evaporator will not overload 
the water balance of the process. 

Equipment arrangement would be more compact, 
and equipment would be matched in capacity in a 
plant specifically designed and built for this process. 
This would facilitate materials handling and decrease 

the process.
 
Engineers at TVA's NFI)C have worked with engi­

neering firms in planning designs for medium and 
large pan-granulation faciliies. The N-ReN Corpora­
tion of |'ryor. Oklahoma, has a pan-granulation unit 
for ammonium nitrate which began operation in 
D)ecember 1975. This unit, which uses the TVA proc­
ess. replaced a poll 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 demonstr ced that a dryer is not 
needed for the process when the feed to the pan is 
essentially anhydrous (99.5-, 1 ammonium nitrate 
melt. 

A medium-sized pan-granulation fecility of the 
T'VA type for urea is being constructed in Indonesia 
and is scheduled for operation in 1980 A larger facil­
ityv in Pakistan, with multiple pans for production of 
granular urea, is being designed. Interest in pan 
granulation of urea has intensified. This is expressed 
in many requests to TVA for information by corre­
spondence and in detailed discussions by representa­
tives of industry and engineering firms with NFDC 
staff. 

Other Pan-Granulation Processes 

Norsk-Hydro a.s. of Rjudan. Norway. (141 has 
repo-ted on a commercial pan-granulation plant for 
producing ammonium nitrate; some operating fee­
tures are substantially different. than in the TVA 
process. In this plant, the melt is sprayed into a deep 
part of the bed in the lower area of the pan granula­
tor. The product is discharged at a temperature only 
a few degrees below the fusion temperature. and the 
granular prcduct passes through a polishing drum 
before it is cooled. The granular products are 
reported to be very hard and strong. Ammonium 
nitrate prills are coated with ammonium nitrate melt 
in a pan granulator to produce large granules for 
forest fertilization. Granular ammonium nitrate of a 
conventional size also is produced in this facility. 
Granular urea is produced by a similar process in 
which the feed material consists of urea melt and 
recycled solids from a screening step. 

Cominco. Limited, of Trail. British Columbia. 
Canada. has reported on a process for granulation of 
urea or ammonium nitrate ay spraying the melt on 
solid particles in an inclined pan. The melt is sprayed 
onto a fast moving part of the bed in the granulator 
in a manner similar to that used in the TVA process. 
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A published reference states that cooled aii is us d in 
the preduct cooler and the system is operated at tern 
peratures considerably lower than those used h, 
TVA 115 i. 

African Explosives and Chemical Industries 
Limited. Johannesburg. South Afria. 16 ha! 
reported on the use of a pan granulator for producing 
ammonium nitrate One feature of their pr,wess i, 
c(xhng of the granulator product to below the 32 ( 
t90- Fl crystal transition temperature before the final 
drying step. The granular product is reported to b 
suitable for usew as a blasting agent %hen mixed with 
fuel oil. 

Attractive Feature5 of Pan Granu!btion 

There art seeral features of pan granulation that 
should make this prixcess attractive. particuLirly to 
those plannng new facilities 

o 	 Granules can be readily procuced in a wide 
range of sizes suitable for bulk b!lending or for 
coating with sulfur for controlded release proper-
ties. Considerably larger i5 to S mini granules 
can rei dv e for forest fertilizationbO produied 
or ether uses with aerial applivation. The con-
trast in size and appearance of prills. regular 
pan-granulated urea, and forestry-size granular 
urea is shown in figure t. 

* 	 The granules have excellent crushing strength. 
Granular urea with addition of 0 4', of for­
maldehvde has a nitrogen content of 46; . and 
crushing strength is several times that of prills. 
No further conditioning is nteded for gKd 
storage and handling properties. 

* 	 Equipment has high production capability-at 

least I to 24 tons per hour for a single pan. 
.	 The use of 99.51. solution a%oids the need for a 

dryer. This greatly facilitates the compactness 
of layout, and less energ, is required. There art 
much lower volumes of gass 1() hi ndle and 
treat for dust and fume recer%, and the most 
expensive syste n If a conventional granulat ion 
process fdryer anl accessoriesi i. eliminated 

a 	The ability tv fully mevt rigid standards for 
dust and fume emissions is greatiy faciiitated in 
comparison with prilling. where huge %olulnes 
of ai- must be handled and trea'.ed. flag filter 
svwems. that are particularly efOlectie for (lust 
recovery. are practical for the comparativel. 
low gas flogs for pan granulation 

There are a fetv disadvan%,tages to take into account 
* 	 Investment and pr(oduction costs might Ile 

higher by about sI per ton of product as com­
pared with prilling. With fully adequate control 
of fumes and dust in a prilling operat ion. n\ est­
ment and i likely'.would be,proluctir, ,costs 

atout equal.
 

* Control of granulation of urea is somewhat 
touchy if productiin of particularlv w-ell­

rounded granules is (hsiret. A system desigied 
specifically for this prioess would facilitate the 
needed controls. 

TVA Pdtents on Pan Granulation 

The following ;itent and defensive publication 
were issued to TVA on pan-granulation prowesses. 

[.S. 3.16fi.39.5-issued June 12. lI5 
)efensive Puhlication T 9.016- issued April 17. 

1973 

-	 Priled RegularFoetySz 

Figure 6. Comparison of particle sizes of urea products 
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