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CONSERVATION OF ENERGY IN 
FERTILIZER AMMONIATION-GRANULATION PLANTS 

The Untted States fertilizer industry produce~ about 50 million tons of 
fertilizer each year. This fertilizer is marketed in four types: 
homogeneous granular NPKS, bulk blends, suspensions, and true solutions. 
Production of these fertilizers requires qbout one percent of tne nation's 
energy ~ons~pt~on (1). 

Granular fertilizers continue to be a significant portion of fertilizer 
prod~~tion in the Uqited States. TVA estimates the 1979 U.S. production 
at 1.5 million tons of monoammonium phosphate (MAP), 9.4 million tons of. 
diammonium phosphate (DAP), and 10.0 million tons of homogeneous granular 
NPKS fertilizers. Homogeneous granular NPKS fertilizers are produced in 
about 100 regional ammoniation-granulation plants. The majority of these 
plants are located in the eastern United States, and most of them were 
built between 1955 and 1970. These are the plants considered for energy 
conservation demonstrations covered by DOE-TVA contract TV-4369A 
E(49-28)-1018. These NPKS homogeneous fertilizers have several advantages 
inherent in their production and use. They can be produced from a wide 
variety of byproducts and materials of low quality. Sulfuric and phos­
phoric acids are used with ammonia (most economical source of N), 
particularly if granulatio~ plants are equipped with pipe-cro~s reactors. 
The n~trient, sulf~r, is easily included i~ this fertilizer proquction 
method. Homogeneous NPKS fe~tilizers c~n be bagged, handled in bulk, and 
applied with fewer grade pena+ties than ''bui:\< blends. Alsp, m~cro~utrients 
cqn be reaqily incorporateq in these homogeneous granu+es. Last+y, as 
minimum-till ctllttvation practices i~crease to conserve energy, ho~ogeneous 
:N}lKS fertili2;ers can be used ylit~out fear of germination' i~diiry to seeds 
·(2, 3, 4) • For these reasons it is. 7xpected this industry 'wni continue 
to gro¥. 

These ammoniation-granulation plants use about 5 gallons of fuel oil per 
ton of prod~st for drying th~ir products and generating s~eam used in 
granulating. Work conduct~d tn this project de~q~strates procedures and 
~qutp~~qt to con~~~e abo~~ 83 percent qf this f~el. 

Theory of Granulation 

Before disc4sstn~ either conve~tio~~l or p~pe-cross re~ctor granulation, a 
brief loo~ at t~e g~neral mechanism of granulation should be helpful. Various 
solid 111ater:!,als, ust+ally s'!lla:!.ler th~n ~·~, qnd liq'l!-id mqteria+~ ~nter the 
gran~lator siltlultan~ousl~. ·· Witnin the gra,nula,t~r, q:w:l.ng to its rotary move­
ml:!uL, Ll+I:!.L't: is simultaneous w.i~ing, cl'l~~cql react ton, and l>article size 
growth. +hts growth occurs for ~everal reasons. It ~sually is ~ep,endent upon 
the amount of chemical heat released and the amount of salts in solution. The 
result i~ that· a ~ixture .of particl~s, larg~r tha~ those 'that.went i~, co~~s 
out of the granulator. +his i~ achi~yed by ~eans of two ~hief profe~ses:/ 

q) Agglomeration OGCUrs when s~all ~articles are wetted by the liquid 
aqd joined on contact. During the drying proc~~s, the liquid 
C.r'y~taJ).izes Rnd gives more COheS:j.On tO the final particle. 
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b) Layering occurs when a small particle is totally covered with a 
layer of liquid that is later dried. The repeated formation of 
these layers makes the granule grow in size, and it ultimately 
looks like the typical layers in an onion. 

Conventional Ammoniation-Granulation 

Conventional granulation consists of the conversion of the liquid and fine 
sized raw materials into homogeneous granules. These granules are normally 
between 6 and 16 (Tyler) mesh in diameter. The two formulating parameters 
that can be adjusted to accomplish good conventional granulation are liquid 
phase and heat. The total liquid phase of the formulation is determined by 
multiplying the percent composition of each raw material by an empirical 
liquid phase factor. The chemical heat of reaction is calculated for 
ammonia reacting with phosphoric acid, sulfuric acid, and triple and normal 
superphosphates. Another source of both heat and liquid phase is steam. 
The average conventional formulation utilizes about ~UU pounds ot steam per 
ton. Fertilizer grartules made by the conventional process have a moisture 
of 5 to 7 percent when they discharge from the granulator. Reduction of 
this moisture to less than 1 percent requires about 500,000 Btu's of fossil 
fuel heat input at the dryer. The product must be dried to this low moisture 
so it will not cake in bulk or bag storage. 

These 100 regional ammoniation-granulation plants have a current replacement 
value of about 10 million dollars each although they cost much less when they 
were constructed. The production rate of these plants is 25-30 tons per hour 
with average annual production of 100,000 tons. 

A typical regional granulation plant is shown in figure 1. The main rotating 
equipment consists of an ammoniator-granulator, a dryer, and a cooler. 
Typically the granulator is 8 feet in diameter and 16 feet long. The dryer 
and cooler are usually 8 feet in diameter and about 60 feet long. Also the 
plant includes classifying screens which separate the undersized and over-
sized material from the product sized fertilizer, normally -6 +16 mesh. 
Oversized material is crushed in chain or cagemills and rescreened. Usually 
four or five bucket elevators and several belt conveyors transfer the raw 
materials, product, recycle, and dust within the process. Exhaust airflows 
from the granulator, dryer, and cooler are scrubbed. About 5,000 cfm of exhaust 
gases and steam from the granulator are contacted with an acidified solution 
in a scrubber. The exhaust airflows from the dryer and cooler, normally each 
about 20,000 cfm~ are passed through cyclones to remove larger dust particles 
and then through wet scrubbers or baghouses to catch the smaller particles. 

New Pipe-Cross Reactor System 

In the new TVA pipe-cross reactor process chemical heat of reaction between 
ammonia and phosphoric and sulfuric acids results in the production of a hot 
melt. This melt is used to cause granulation instead of the steam used in 
the conventional process. The pipe-cross reactor is a horizontal reaction 
tube mounted inside the rotary ammoniation-granulation drum. Details of the 
reactor and its location in the granulator are shown in figures 2 and 3. The 
tube is usually 5 or 6 inches in diameter and 10 to 12 feet long. Liquid feeds 
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enter the reaction tube outside the granulator and flow toward the discharge 
end. Ammonia enters through a smaller tube at the feed end of the reactor. 
It is centered in the reactor tube and discharges 19 inches from the feed end. 
Sulfuri~ and phosphoric acids are introduced through lines installed perpen-

' dicular to the reactor tube. These feed lines form a "cross" arrangement 
from which the name is derived. Water is added to the ammonia prior to its 
introduction into the reactor. This water induces a smoother reaction 
between the ammonia and acids. Reacting these materials inside a confined 
area retains much of the chemical heat of reaction. Water present in the 
reactor undergoes vaporization and flashes off at the pipe's discharge. 
This watervapor is removed in the-exhaust gases from the granulator. The 
temperature of the essentially anhydrous melt is well above its melting point 
when it is discharged onto the rolling bed of the material in the granulator. 
Moisture removal from the product occurs during granulation and as the product 
is cooled from about 220°F to 120°F. The resulting product has a moisture 
of less than one percent; at this moisture, the product has e:xcellent 
hardness and stores well in bulk or bag storage~ 

Because of the corrosive nature of the raw materials; reactor construction must 
be of Hastelloy C-276--a special alloy that is resistant to acid corrosion at 
temperatures up to 300°F. In some formulations it is desirable to install an 
insert into the discharge end of the reactor. This insert is shown in figure 4 
and is used to improve melt spray characteristics from the reactor when relatively 
low reaction rates are used. It also causes intimate contact and complete 
reaction of ammonia and acids. It can be constructed of stainless steel (type 
316). 

Demonstration Plant Tests 

In conventional granulation the amount of steam used to promote granulation is 
usually not measured; however, calculations and rough measurements have shown 
that the average conventional NPKS g~anulation plant consumes about 200 pounds 
of steam per ton of product to promote granulation. These data show the 
materials used in the formulation, the calculated amount of chemical heat per 
ton, estimated liquid phase, fossil fuel consumption, electrical consumption 
and energy required to transport the finished product 1,000 miles by railroad. 
These data are for 12-12-12 (table 1), 6-l4-l4 (table 2)", and 8-32-16 (tabl~ 3) 
grades. Tables 4, 5, and 6 show data for these same grades produced in plants 
equipped with a TVA pipe-cross reactor. Where filler appears in the formulation, 
no energy considerations are made since sand obtained near the granulation plant 
is normally used for filler. Also the electrical consumption per ton of product 
is reported as a constant 210,000 Btu's of equivalent electrical energy. These 
examples of conventional and pipe-cross reactor granulation do not by any means 
cover all of the many ways these and other grades can be produced by either 
granulatio~ process. They do, however, show representative energy savings that 
can be obtained through use of the PCR process. As noted in the tables, the 
energy required to produce the raw materials and transport them are about the 
same for either conventional or PCR granulation. If the 6-24-24 and 12-12-12 
grades are compared, an average of 535,000 Btu's is saved. This saving occurs 
due to elimination of fossil fuel drying when the PCR is used; fossil fuel 
used to generate the steam is not included. This additional saving is 
estimated to be equivalent to 250,000 Btu per ton of product. Therefore, an 
average of 785,000 Btu's per ton of production is eliminated. 
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The W. R. Grace plant at Columbus, Ohio, installed a PCR and obtained dramatic 
increases in production rates. Appendix 1 shows a letter from L. E. Ingram, 
Manager NPK Technical Service of this company, to Frank Achorn dated April 15, 
1980, concerning the excellent results and savings his company has received 
with this new process. While they were only able to produce 6-24-24 at 25 tons 
per hour by conventional granulation, they are now able to produce this grade 
at almost 40 tons per hour using the PCR. Their electrical savings are quite 
substantial and a major contributor to their return on investment. 

The previously discussed tables take no energy credit for the use of byproduct 
raw materials. In several instances major energy and raw material cost savings 
are obtained by use of byproduct ammonium sulfate or sulfuric acid. At a PCR 
installation in Missouri, byproduct sulfuric acid is obtained from another 
company only 125 miles from the plant. Their cost of this 60° Be. sulfuric acid 
is extremely low. Before the sale of sulfuric acid was arranged, the acid 
producer was discharging the acid into the sewer and paying a $25,000 per month 
fine to the city. The savings on the use of byproduct acid such as this are 
several fold. In addition to savings in transportation, this sulfuric acid does 
not have to be produced in sulfuric acid plants and energy i.s saVf~ci hy eliminating 
the waste treatment of the acid. Several plants with PCR's also use byproduct 
ammonium sulfate from the steel indus~ry. We expect the use of such byproduct 
sulfur materials to increase in coming years as sulfur is removed in the coal 
burning process at electric generating stations. For example, TVA will be 
marketing about 100,000 tons per year of sulfuric acid recovered from its 
Johnsonville coal burning electric generating plant. Regional ammoniation­
granulation plants, most of which are located in the eastern U.S., should be 
readily able to use sulfuric acid obtained from sources such as this, if they 
have installed a TVA PCR. 

ln the attached letter (appendix 2) from Gene Hale of Mid-Ohio Chemical, 
Washington Court House, Ohio, to Frank Achorn dated June 25 is a discussion 
of this firm's actual energy savings over a 3-month period. The PCR reduced 
their fossil fuel drying about 95 percent and also enabled them to use large 
quantities of byproduct sulfuric acid. 

The attached figure in appendix 3 (Natural Gas Consumption for Fertilizer Drying) 
shows the effect of elimination of fossil fuel for drying at the MFA granulation 
plant in Palmyra, Missouri. Although this cooperator's cost of natural gas per 
ton increased by about 1,500 percent, the actual ~nst. of fm~l pPr ton of product 
for drying decreased to zero. This cooperator does not use fossil fuel now for 
the production of their granular NPKS products because of their efficient use 
of the PCR process. 

In addition to the energy conservation aspects of the TVA PCR proc.e.ss, reduced 
atmospheric emissions have also been a major selling point. In conventional 
granulation there are more dust and fine particles moving through the processing 
equipment. Also a major problem has occurred when sulfuric acid, potash, and 
ammonia are introduced into a conventional bed formulation. The sulfuric acid 
reacts with the potash forming hydrochloric acid which in turn reacts with ammonia. 
An aerosol of ammonium chloride is produced. These very small particles are 
extremely difficult to scrub from the ammoniator-granulator exhaust gases. As 
the emission test results in table 7 indicate, particulate emissions from the 
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ammoniator-granulator are almost nonexistent when using the PCR. It can also 
be noted that fluorine emissions are nil in the operation of this process. 
Recent emission sampling work in Ohio has shown that ammonia losses are even 
lower when all of the ammonia fed to the formulation is reacted with acids in 
the PCR. When the ammonia was split between the PCR and· the bed of the 
granulator, about 4 percent of the ammonia fed to the process had to be scrubbed. 
But when·all of the ammonia was reacted in the PCR, only 1 to 2 percent of the 
ammonia fed to the process had to be scrubbed. The only particulate emissions 
are contained in the dryer and cooler exhaust flows which normally pass through 
cyclones and then into either baghouses or wet scrubbers. In summary, the PCR 
process will in most cases reduce atmospheric emissions from these granulation 
plants. 

Another Ohio granulation plant (Landmark, Incorporated at Mt. Gilead, Ohio) has 
experienced several advantages in the use of the PCR in addition to the energy 
savings. Landmark's list of advantages of the PCR process over the conventional 
bed granulation is included in appendix 4. 

TVA engineers have been successful in demonstrating and commercializing the 
TVA PCR process, and this success has been due to TVA National Fertilizer 
Development Center's ongoing position of influence in the fertilizer industry. 
Appendix 5 lists the 22 installations of PCR's in the United States. About 8 
more installations are being planned. Appendix 6 lists the engineering 
contractors TVA has worked with over the past several years. Another important 
part of NFDC's injection of technology into the fertilizer industry is conducting 
and participating in technical meetings. Appendix 7 lists recent publications 
and presentations on the pipe-cross reactor process. 

Investment Cost and Payback 

The installation of a TVA pipe-cross reactor in an existing regional NPKS 
granulation plant is extremely attractive economically. The replacement cost 
of a typical granulation plant is about $10,000,000, and almost $100,000 per 
year will be spent on equipment in a properly maintained plant. The cost of 
a typical PCR installation will be only $60,000 to $65,000. Thus, the investment 
to retrofit a PCR into one of these plants is relatively small. 

Table 8 ent.itled "Economics for PCR Installation" (5) shows energy savings, 
investment costs, and payback times. The letter in appendix 8 from Joe Prosser 
to Gene Hale shows an engineering contractor's equipment list and quoted price 
for a PCR installation at Mid-Ohio Chemical Company, Incorporated, Washington 
Court House, Ohio, plant. Later discussions by TVA engineers with the Prosser 
Company and Mid-Ohio Chemical Company personnel resulted in the inclusion of an 
additional $13,000 for increased phosphoric acid pumping and piping capacity, 
This PCR installation contract totaled exactly $60,000. At late 1979-early 1980 
prices, the PCR itself costs about $10~000. Normally an additional $50,000 is 
required for pumps, pipings, meters, and valves. Since these installations are 
retrofits, the exact equipment needed varies for each location. 

Payback time will normally be less than one year as shown in table 8. This 
payback is calculated on the basis of the elimination of steam and the reduction 
of fossil fuel drying from the granulation process. A conservative natural gas 
price of $2.68 per 1,000 cubic feet was used. lf increased production rates 
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reduce electrical consumption per ton of product or cheap byproduct raw 
materials can be used with the PCR, payback times of 1/4 to 1/3 year are 
obtained. Under such circumstances, many of the companies choose to add 
other needed capital investment projects to the PCR projects. In a number 
of cases the PCR installation has significantly upgraded the overall condition 
of the•granulation plant. With an average size plant of 30 tons per hour, the 
new investment in the PCR can be paid back in about 6 months. This payback 
period is very short for the fertilizer industry. 

Computer Model of Pipe-Cross Reactor Process 

Field operating experience at commercial pipe-cross (PCR) installations has been 
used by NFDC's computer system's analysts to develop a PCR model. This model 
formulates various fertilizer grades on a "least cost" basis. Separate ammoniation 
parameters are used for the PCR reactions and the reactions in the bed of the 
granulator. These parameters may be adjusted to achieve the desired degree of 
ammoniation. Typically, the original output is used to "fine tune" the raw 
material and operating conditions until a satisfactory formula is presented. 
Although the output is frequently adjusted by someone with a good understanding 
of the process, the computer model .saves considerable time over hand calculated 
methods. Several industrial cooperators--Landmark, Incorporated, IMCC, and 
W. R. Grace--are using this computer model in their PCR operations. Information 
from actual industrial users is considered essential to the further development 
of this model. 

Future efforts will be made to model granulation predictability by modifying 
existing conventional granulation theories to describe PCR operating experience. 
Currently, no theory exists to quantitatively describe PCR melt granulation. 

Sutmnary 

At this time (fall of 1980), 22 pipe-cross reactors have been installed in 
regional granulation plants in the United States. There are a total of about 
100 such plants which means that about.22 percent of the market has been pene­
trated under this DOE contract. About 9 more PCR installations are in the 
planning stages at this time. Under our new DOE contract, which is mainly 
concerned with implementation of the PCR's in DAP granulation plants, we will 
also be continuing to promote the use of the PCR in regional NPKS granulation 
plants. 

These PCR's have been retrofitted into granulation plants which have replacement 
values of about $10,000,000. The average PCR installation costs $60,000 and 
takes less than a year to pay for itself. In addition, energy savings, easier 
plant operation, reduced air pollut:ion, and improved fertilizer prouuct quality 
also result from its use. We estimate that the 22 installed PCR's are saving 
about 9 million gallons of fuel oil per year. It is estimated that by 1985 
about 80 percent penetration of the market will be realized with an energy 
saving equivalent to about 35 million gallons of fuel oil. 



Table 1 

Conventional 12-12-12 Grade 
Energy Inputs from Production and Transport~tion 

of Raw Materials and Granulation of Product 

Formulation 

Anhydrous NH3 (82.2% N)a 
Ammonium sulfate (20.5% N) 
Triple superphosphate (46% P205 ) 

Diammoi'lium phosphat·e (18% N, 46% P205 ) 

Phosphoric acid (54% P20s) 
Potash (60% K20, standard size) 
Sulfuric acid (60° B~.) · 
Filler 

Granulation Conditions 

Steam (lb/ton product) b 
Chemical heat per ton (103 Btu) 
Liquid phase (without steam) . 

c Fuel consumption by dryer, per tqn 
Electrical consumption, per ton 

Energy Input, per ton of product 

Raw Material 
Lb/ton Product 

139 
490 
218 
200 
89 

400 
384 
173 

unknown 
347 
686 

~egrees of ammoniation- Phosphoric acid = 7.2· lbs NH3/20 lbs P20s 
TSP = 3.8 lbs NH3/20 lbs P205 

Energy to Produce 
Raw Material 

103 Btu 

2,429 
2,281 

409 
1,251 

225 
228 

81 

6,900 

Sulfuric acid = 0.347 lbs NH3/lb 100% H2S04 

Energy to Transijort 
1,000 miles 

103 Btu 

48.65 
171.5 

76.3 
70.0 
31.15 

140.0 
134.4 

672 

bChemical heat of reaction - Btu/lb NH3 for TSP .= 1,643 
c 

Btu/lb N:H3 for H2S04 = 2,696 

From accual fuel consumption 
d Railroad, use 700 Btu/ton mile 

Energy to 
Granulate 

103 Btu 

I ...... 
I 

546 
210 

756 



Formulation 

Anhydrous NH3 (82.2% N) a 

Ammonium nitrate (33.5% N) 
Byproduct phosphate (42% P20s) 
Ph9~phoric acid (54% P20s) 
Potash (60% K20, standard size) 
Filler 

Granulation Conditions 

Steam (lb/ton product) b 
Chemical heat per ton (103 Btu) 
Liquid phase 
Fuel consumption by dryer, per ton 
Electrical consumption, per ton 

Energy Input, per ton of product 

Table 2 

Conventicnal 6-24-24 Grade 
Energy :nputs from Production and Transportation 

of Ra~ ~Iaterials and Granulation of Product 

Energy to Produce 
Raw Material Raw Material 

Lb/ton Product 103 Btu 

122 2,132 
72 720 

357 611 
630 1,594 
800 456 

85 

unknown 
2'72 
7:l6 c 

5,510 

~egrees of ammoniation- Phosphoric acid= 7.2 lbs NH3/20 lbs P2 0s 

bChemical heat of reaction - Btu/lb NH3. for H3 P04 = 2,220 
c From actual fuel consumption 

dRailroad, use 700_Btu/ton mile 

Energy to Transaort Energy to 
1,000 miles Granulate 

103 Btu 103 Btu 

42.7 
25.2 

125~0 
220.5 
280.0 

I 
00 
I 

587 
210 

693 797 



·Table 3 

Conventional 8-32-16 Grade 
Energy Inputs from Production and Transportation 

·of Raw Materials and Granulation of Product 

Formulation 

Solution 530 {53.0% N (49% NH3 , 36% NH4N03)}a 
Triple superphosphat~ (46% P205 ) 

Diammonium phosphate (18% N, 46% P20s) 
Potash (60% K20, standard size) 
Potash (60% K20, coarse) 
Sulfuric acid (66° B~.) 

Granulation Conditions 

Steam (lb/ton product) b 
Chemical heat per ton (103 Btu) 
Heat supplied as steam per ton 
Fuel to boiler (80% efficiency) per ton 
Liquid phase (without steam) 
Liquid phase (with steam) 
Fuel consumption by dryer, per ton c 
Electrical consumption,_ per ton 

Energy Input, per ton of product 

Raw Material 
Lb/ton Product 

115 
815 
580 
335 
200 

30 

96 
107 

93 

444 
636 

~egrees of ammoniation - TSP = 2.5 lbs NH3/20 lbs P20s 

Energy to Produce 
Raw Material 

103 Btu 

1,440 
1,530 
3,630 

191 
141 

9 

6,940 

Sulfuric acid = 0.347 lbs NH3/lb 100% H2S04 

Energy to Transnort 
1,000 miles 

103 Btu 

40.25 
285.25 
203.00 
117.25 
70.0 
10.5 

726 

b I Chemi·::.al heat of reaction - Btu lb NH3 for TSP = 1, 643 Btu/lb NH3 for H2S04 = 2,696 

cFrom actual fuel consumption or calculated from moisture content in and out of dryer 

dRailr·::>ad,' use 700 Btu/ton mile 

Energy to 
Granulate 

103 Btu 

I 
1.0 
.I 

120 

300 
210 

630 



Formulation 

Pipe-cross reactor a Ammonia 0 . 
Sulfuric acid (66 B~.) 
Phosphoric acid (54% P20s) 

Ammonia tor-Granulator 
Ammonia a 
Ammonium sulfate 
Potassium chloride 
Filler 

Granulation Conditions 

Steam (lb/ton product) b 
Chemical heat per ton (103 Btu) 

c Fuel consumption, per ton 
Electrical consumption, per ton 

Energy Input, per ton of product 

Table 4 

Pipe-Cross Reactor 12-12-12 Grade 
Energy Inputs from Production and Transport£tion 

of Raw Materials and Granulation of Product 

Energy to Produce 
Raw Material Raw Material 

Lb/tc-n Product 103 Btu 

184 3,215.0 
456 132.0 
456~ 1,154.0 

23 402.0 
400 1,862.0 
400 228 •. 0 
176 

none 
530 

6,990 

~egrees of. ammoniation- Phosphoric acid = 4.9 ~~3/20 lbs P205 

Sulfuric ac::.d = 0.347 lbs NR3/lb 100% H2S04 

bChemical heat of reaction - Btu/lb ·NH3 for H3PO~ = 2,220 
c . . ' 
Actual fuel consumption, dryer burner off 

d Railroad, use 700 Btu/ton mile 

Energy to Transgort 
1,000 miles 

103 Btu 

64.4 
159.6 
159.6 

8.05 
140.0 
140.0 

672 

Energy to 
Granulate 

103 Btu 

I 
1-' 
,0 

I 

none 
210 

210 



Formulation 

Pipe-cross reactor 
Ammonia a 

. 0 
Sulfuric acid (66 B~.) 
Phosphoric acid (53% Pz05 ) 

Arnmoniator-Granulator 
Ammonia a 
Phosphoric acid (53% PzOs) 
Potassium chloride 
Filler 

Granulation Conditions 

Steam (lb/ton product) 
Chemical heat per ton (10~ Btu)b 
Fuel consumption, per ton 
Electrical consumption, per ton 

Energy Input, per ton of product 

Table 5 

Pipe-Cross Reactor 6-24~24 Grade 
Energy Inputs from Production and Transportation 

of Raw Materials and Granulation of Product 

Energy to Produce 
Raw Material· Raw Material 

Lb/ton Product 103 Btu 

83 1,450 
142 38 
330 835 

67 1,171 
600 1,518 
800 456 
144 

none 
355 

5,468 

~egrees of ammoniation - Phosphoric acid = 4.3 lbs NH3/20 lbs P20s 
Sulfuric acid = 0.347 lbs NH3/lb 100% H2S04 

Energy fo T~ansgort 
1,000 miles 

103 Btu 

29.05 
49.7 

115.5 

23.45 
270.0 
280.0 

708 

• 
b . 

· Chemical heat of reaction - Btu/lb NH3 for H3P04 = 2,220 Btu/lb NH3 for H2S04 = 2,696 

c .. · . ' ' ·• .. ,'•.' , ... ' 
Actual fuel consumption, dryer burner of~ 

d Railrc·ad, use 700 Btu/ton mile 

Energy to 
Granulate 

103 Btu 

I ...... 
...... 
I 

none 
210 

210 



Table 6 

E'ipe-Cross Reactor 8-22-11 Grade · 
Energy Inputs from Prc·duction and Transportation 

oi Raw Materials and Granulation of Product 

Formulation 

Pipe-cross reactor 
Ammonia a 

0 Sulfuric acid (66 B~. ) 
Phosphoric acid (54% P20s) 

Ammonia tor-Granulator 
Anunoniaa 
Anunonium sulfate 
Phosphoric acid (54% P20s) 
Triple superphosphate (0-46-0) 
Potassium chloride 
Micronutrients 
Filler 

Granulation Conditions 

Steam (lb/ton product) . b 
Chemical heat per ton (l«f3 Btu) 
Fuel consumption, per tone 
Electrical consumption, per ton 

Energy Input, per ton of product 

Raw Material 
Lb/ton E·roduct 

89 
12li 
20C 

6li 
20C• 
56: 
lOE 
312 
15S 
321 

none. 
42li 

~egrees of ammouiation - 1~P = 0.0 lbs NH3/20 lbs P20s 

Energy to Produce 
Raw Material 

103 Btu 

1,555.0 
66.9 

506.0 

1,119.0 
931.0 

1,430.0 
199.0 
178.0 

5,980 

Phosphoric acid = li.3 lbs NH3/2C lbs P20s 
Sulfuric acid = 0.347 lbs NH3/lt 100% H2S04 

bChemical heat of reaction- Btu/lb ND3 for TSP = 1,643 
c Actual _fuel consumption, dryer burner off 

~ilroad, use 700 Btu/ton mile 

Energy to Transnort 
1,000 miles 
· 103 Btu 

31.15 
43.4 
70.0 

22.4 
70.0 

197.75 
37.1 

109.2 

581 

• 
Energy to 
Granulate 
·103 Btu 

none. 
210 

210 

2,220 

I 
........ 
~ 
I 



Emission Test- Date .Grade 

A 6/21 8-24-24 

B 6/22 8-24-24 

c 6/23 11-44-0 

D 6/23 li-48-0 

E 6/24 8-24-24 

a Rapid hand-pump test 

Table 7 

Emission Test Results, 4-Inch Pipe-Cross Reactor 
Granulation Plant~ Alabama 

Ammonia a ·Actual Stack Loss· 
Lb/Hour Out Stack Temp. Gas Flow Fertilizer Free 
of Scrubber oF ft3/min Particulate NH3 

132 5340 Nil 84 

-· 146 5340 Nil 138 

20 145 5340 Nil 10 

60• 150 5340 Nil 94 

30 150 5340 Nil 45 

Rate - Lb/Hour 

NH4Cl ~F (NH4)2S04 

1.4 Nil 0.4 

0.4 Nil 0.3 
I 

Nil Nil 0.3 ...... 
w 
I 

Nil Nil 0.1 

0.3 Nil Nil 



Tabl~ 3 

ECONOMICS F~ PCR INSTALLATION 

Energy Total 
Plant Size Plant fneroy Co$ts Savlnos I nata lied 

Ton/Hr. /Yr. .. $1 Yr. Investment 
CONVENTIONAL PI PE-t ROSS 

REACTOR 

15 197.000 82,000 115,000 55,000 

20 263,000 109,000 154,000 60,000 

30 394,000 164,000 230,000 68,000 

40 526,000 219,000 307,000 
i 

75,000. 

OCF RAtE Of RETURN 
( EICG I at I Oft of Energy) 

O'o IO'o .. -

116,. 126°/e 

142'o - 152fo 

1877o 197'o 

226,o 235 o/o 

······ 

Payback 
T me 
Yrs. 

,g 

.7 

.s 
·4 

I 
....... 
~ 
I 
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Appendix 1 

.GRACE. 

Mr. Frank Achorn 
Tennessee Valley Authority 
402 Chemical Engineering Bldg. 
Muscle Shoals, Ala. 35660 

Dear Frank: 

Agricultural Chemicals Group 

W. R. Gru(e & Co 
100 N Mo1n St.reet 
PO. Bo• 277 
Mt•mph,s. 1ennes~ee 38101 

( 901) 522 2000 

Apri 1 15, 1980 

As you know, we installed the TVA cross pipe reactor system 
in our Columbus, Ohio, granular plant last fall. ·The startup went 
smoothly and there have been no major operational problems. We 
have encountered significant reductions in energy consumption 
through the use of the cross pipe system. 

We have evaluated its use in our other plants due to the 
success .at Columbus. Although the projects have not yet been 
approved, we are planning to install cross pipe reactor systems in 
two more plants this summer. Also, we will probably budget to 
install the fourth cross pipe reactor in 1981. 

The original Columbus installation was based on design 
data provided by TVA. Your review of the process design and tech­
nical assistance on startup was very helpful. 

Frank, the cross pipe reactor system will d~finitely result 
in conservation of energy and help us mintmize our production costs. 
These are two extremely important goals in today's tight energy 
and money markets. 

Your group has done an excellent job in designing the system 
and communicating with industry. Again, thanks for your help. 

LEI/jnm 17 

Very truly yours, 
' 

W. R. Grace & Company 

AG£~ CHEMICALS GROUP 

L. E. Ingram, Manager 
NPK Technical Services 



Appendix 2 

Mid-Ohio Chemical Terminals, Inc. 

Box 280, Washington C. H., Ohio 43160 

June 25, 1980 

Mr. Frank Acorn 
Tennessee Valley Authority 
National Fertilizer Development Center 
Muscle Shoals, Alabama 35660 

Dear Frank: 

I want to take this opportunity to tell you how much I appreciated the 
help your staff extended me during the past year. You certainly have a 
group to be proud of. 

With the help of your staff, The Prosser Company installed our Pipe 
Cross Reactor in February. In checking our records, I find that during 
February, March and April of 1979 we produced 14,580 tons of finished mixed 
fertilizer. During this time, ~e used 67,609 cubic feet of gas at a cost 
of $16,442.62. During the same period of 1980 with the PCR, we produced 
14,754 tons of finished product while consuming 3,226 cubic feet of natural 
gas at a cost of $980.74. 

In addition to the above 
between 8,000 and 10,000 tons 
approximately $15.00 per ton. 
producing is much superior to 
the PCR. 

savings, I estimate that we will consume 
of spent sulphuric acid at a savings of 
Also in addition, the product that we are 

the product we were manufacturing prior to 

In summary, it is obvious that we are tremendously happy with the 
economic savings the PCR has given us and are very happy with the produ.ct 
it is producing. If we can be of any assistance to you in providing you 
with data from this equipment, please do not hesitate to call upon us. 

Sincerely, 

.~f/ ''* ~Gene C. Ha e 

GCH/dr 

18 



!NATURAL GAS CONSUMPTION FOR FERTILIZER DRYING 
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FISCAL YEAR 

METHOD OF OPERATION 
'72/73,'74 
USE OF SOME SUPERPHOSPHORIC 
ACID AND CHANGED OPERATIONS 
FROM A 1.4 MOlt RATIO TO 1.0 

174 
BEGAN USE OF TVA PIPE­
CROSS.REACTOR 

• .• -·., •• :: • .t 

175,'76 
FULL USE OF PCR-- NO HEAT 
USED IN FERTILIZER PRODUC­
TION OTHER THAN THE HEAT 
OF REACT ION OF THE 
CHEMICALS THEMSELVES. 
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Appendix 4 

Advantages of PCR Process over Conventional Bed Granulation 

1. The pipe-cross reactor process gives a much.more homogenous chemical 
blend and uniform appearance thus restoring the traditional superiority 
of granulated fertilizer over blends which gradually eroded as we have 
substituted high analysis materials such as DAP in our formulation. 

· 2. Large amounts of acids can be used in formulations. This is an advantage 
when acids are relatively cheap. Large volume acid use is also desirable 
when Lank car u~wurrage becomco threatening. 

3. Metering liquids is simpler, more precise, and allows better fine tuning 
of the process than is possibl~ when welghlng 4nd handling dry miiltf;'riAlR. 

4. A further advantage that follows item /13 is that dry material shrinkage 
is reduced because less dry·material is handled. 

5. Because there is less.dry material handling, labor costs will be decreased 
and maintenance costs on handling equipment such as elevators and tractors 
should likewise be reduced. 

6. When all the anhydrous anunonia enters via the pipe, N losses are significantly 
less than losses incurred during conventional granulation. 

7. There is decreased use of fuel for drying when grades are properly 
formulated. 

8. Chute plugging, caused by tacky ammoniated maL~rial (conventional bed 
formula), has been essentially eliminated because of flash drying of the 
product in the anunoniator during the PCR process. 

9. The final product is harder and, therefore, not as dusty. 

10. Increased production rates, in some cases, are possible. 

11. Baghouse leakage of sub-micron particles is less than half that occurring 
during non-pipe runs. 

20 



Appendix 5 

Installed 

• • Installation of Pipe-Cross Reactor 
In Fertilizer Granulation Plants 

To Conserve Energy 

No. of 
Company Reactors 

Missouri Farmers Association: Palmyra, Missouri 1 
W. R. Grace: Columbus, Ohio 1 
Landmark, Incorporated: Mt. Gilead, Ohio. 1 
IMCC: Florence, Alabama; Americus, Georgia; Winston-Salem, 

North Carolina; and SpartaL'1burg, South Carolina 4 
Gold Kist:. Hanceville, Alabama 1 
Mobil Chemical Company: (Formerly Olin Co.), Pasadena, Texas 2 
Lebanon Chemical Company: Baltimore, Maryland 1 
J. R. Simplot Company: Pocatello, Idaho 1 
Swift Ag. Chemicals: East St. Louis, Illinois 1 
Smith-Douglass, Div. of Borden Chemical:. Norfolk, VA; Streator, 

IL; Saginaw & Holland, 
MI. 4 

USS Agr. Chemicals: Cherokee, Alabama 1 
Mid-Ohio Chemical Company: Washington Court House, Ohio 1 
Valley Nitrogen Cooperative: Helm, ·California 1 
Texas Farm Products Comparty: Nacogdoches, Texas 1 
Kaiser Agricultural Chemical: Wilmington, North Carolina 1 

Total · 22 

Planned Installations 

Kaiser Agricultural Chemical 
W. R. Grace 
Beker Industries 
Royster Company 

Total 

Overseas Installations 

Japan 
Brazil 
Colombia 
Netherlands 
Australia 

Total 

21 

2 
5 
1 
1 

9 

1 
1 
1 
1 
1 

5 

\ 
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Appendix 6 

TVA'S INTRODUCTION OF THE PIPE-CROSS REACTOR PROCESS 

TVA engineers have worked with the following engineering contractors on the 
design of pipe-cross reactors. 

Firm 

The Prosser Company, Inc. 
Glen Arm, Maryland 21057 

A. J. Sackett and Sons Company 
1701 South Highland Avenue 
Baltimore, Maryland 2i224 

Feeco International, Inc. 
3913 Algoma Road 
Route 1 
Green Bay, Wisconsin 54301 

The D. M. Weatherly Company 
1800 Peachtree Road, N.W. 
Atlanta, Georgia · 30309 

22 

Contact 

Joe Prosser, President 
FTS: 8-920-3311 

301-592-6271 

Walter J. Sackett, Jr;, President 
FTS: 8-920-3311 

301-:L/6-4466 

Glen Wesenberg. 
Vice President Process Engineering 
FTS: 8-362-1012 

416-468-1000 

Desmond J. Byrne 
Vice President Engineering 
FTS: 8-404-355-5323 (direct diai) 



Appendix 7 

TVA Publications 
Pipe-Cross Reactor Process 

1. Salladay, D. G., Cole, ·C .. ·A., and Greenhill, J. 'L. "Improving Quality 
And Grade Control In NPKS Granulation Plants." For Presentation at 
Fertilizer Industry Round Table, Washington, DC, October 30 - November 1, 1979. 

2. "Pipe-Cross Reactor." Technical Update June 1979, Tennessee Valley 
Authority, Reprint Z-95. 

3. Parker, B. R., Norton, M. M., McCamy, I. W., and Salladay, D. G. "Pilot­
And Demonstration-Scale Developments In Production Of Ammonium Phosphate­
Based Fertilizers Using.The Pipe And Pipe-Cross Reactors." For Presentation 
at 1978 International Superphosphate and Compound Manufacturer's Association 
Limited Technical/Economic Conference, Orlando, Florida, October 22-27, 1978. 

4. Salladay, D. G. and Myers, E. D. "Use Of TVA's Pipe-Cross Reactor To Conserve 
Energy In Fertilizer Granulation Plants." For Presentation at Fifth National 
Conference on Energy and the Environment, Cincinnati, Ohio, November 1-3, 1977. 

5. Achorn, F. P. arid Salladay, D. G. "TVA's New.Pipe-Cross Reactor Process For 
Granular Ammonium Phosphates." For Presentation at American Chemical Society 
Meeting, San Francisco, California~ August 29 - September 3, 1976. 

6. Achorn, F.~ P. and Salladay, D. G. "Production Of Monoammonium Phosphate In 
A Pipe-Cross Reactor." For Presentation at Annual Meeting of the Fertilizer 
Industry Round Table, Washington, DC, November 4-6, 1975. 
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Appendix 8 

THE PAOSSI:A COMPANY. INC, 

OLI;N ARM. MA .. YLANO 21057 

HFCt:IVt.U 

fi:LI:~HONE 

~oo ••a. ••" 

October 5, 1979 

Mr. Gene C. Hale, Vice .President 
MII><IfiO CD!MICAL CXJI!PANY I ~. 
Box 280 
717 a:lbinson ~ 
washington Court~. ~io 43160 

Dear Gene: 

'Ibis letter is written in oonf imlatia1 of discussiaw 
held in yoor office during our visit there this put ~sdily, 
October 2nd. 

At that time you ordered fran us, a T. V .A. type pipe 
cross reactor system to be furnished and installed in the lllllaliator 
of yoor washington OJurt House Plant. 

'Ibis writ is to be ocmplete within itself, b.lt will 
depend tlpJTl . receiving all .liquid llliltarials at the amnoniator 
floor fran Mid-<hi.o Olemical. In other ~rds, we include no 
pipin:} except short :runs to the meter and all pipin:} fran the 
meters to the pipe aross. 

Specifically, what we propose to furnish is: 

~ T. V .A. type pipe cross reactor, fabricated fran 
6• diameter Hasteloy C276 pipe and OCJ1i>lete with 
separate mixirq tee for receipt of phoSphoric 
acid, sulfuric acid, anhydrcAls ~a and water. 
We include a wter jacket fabricated of type 
3/16• stainless ateel. 

Q'le lot of internal supports for the pipe CJ:OSS. 

25 
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Appendix 8 

Mr. Gene c. Hale, Vioe President 
MID-aJIO CiDUCAL a.ANY, ~ •. October 5, 1979 . ' 

Qle F~~ & Porter magnetic f~ ~ for 
pllosR'cric ac~ with rerote ~eating, 
tecord:in;J and ~trolli.n} cabinet and with 
ocntrol valve. · · · 

Qle . Fiacher & Porter magnetic meter for 
sulfuric acid, all as described for raeter 
above. 

c:me Fischer & Porter annored variable area roto­
meter for anhydrQ.Ja amarla with magnaband 
indicati.J¥j, reooxding and oontzolli.ng cabinet 
and CXlntrol valve. 

Qle Fischer & Porter variable aJ::"f!a roto­
meter for water - - ~eating oply. 

()le lot of piping material~, valves., fitt.in.:Js, 
~. . . . 

Further, we aqree to deliver the equiptent to 
washinqtan Court House, install it and to supervise the whole 
job, as 1A!ell as to perfom the office engineering necessary for 
~ ~ign. 

· for tlle ap,ve equipne.nt our pri~ i~ • . . • $~?, 0()0. ~~, 
W,Uch ~11 be bil~ in IIDI'lthly .-gme11ts as ~rlc 
p~ses, al~ys subject to a l.o• :retqiner whi~ ts to tte 
held· by f.U.c;l-QU.o until the pipe ~ rea~ i~ ~aoed. ~to 
service. 

~ ~you vmy ~ fOf this ~~ ~ ~ ~: 
~th it. W. have ~nd the pipe and the flow~ and expect 
to receive materials in time to Rake the installatial in the seCOnd heUf of Jax8ary 1980. . ~ · · · · ~ · ' · · · 

In ~~ with }Qlr ~st, ~ ~ ~ the 
phosploric apid suwly 6ystan and fim t-hat the existinq pmp Will 
lle ~te ~f ~ infulate ~ storage tanke ~ maintain the acid . . 

26 



Appendix 8 

Mr. Gene C. Hale 1 Vice President 
MID-QIIO cmMICAL tn4PANY I DC. 

-3-

October 51 1979 

at a temperature of 300 F. mininuR. It will, however, be 
necessary to install a 3 • Schedule 5 stainless stsel pipe line 
fnE the t.anJt to the pmp and baa the pmp to the amrJiliator 
floor. 'lhi.s pipe l.i.nl) will oost about $20. 00 per foot installed 
and insulated, but not t.raced. We have detemdned that tracing 
will not be necessary if the tank and pipe line ue insulated 
and if the acid is kept waDD. 

·If yw want uore Qet:aila on the pip.ing materials ant 
the recx::mnended insulatian 1 ple.ue ocntact us. 

Youn 'VIB'EY b:Uly 1 

'!HE PIUiSEk <XJ4lWII, ~. 

(,1 ,.? -~ . \ 

,.l-t-'~;;(( . .. :~--~t~·t .. 
/. s 

.I JQiBPH L. pJO;SBR 

President 

JU»:es 

2T 
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