
Figure 1. Approximate location of liquid mixed fertilizer plants 

Production and Use of 
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PPLICATIOX OF FERTILIZER in liquid A form has been groiving rapidly in 
this country in the last decade. The  most 
striking growth has been in use of liquids 
such as anhydrous ammonia and various 
nitrogen solutions. The rapid increase 
in application of anhydrous ammonia 
has been especially noteworthy. In  less 
than 10 years the amount used annually 
has increased almost twenty-fold until 
today it is estimated that about 18% of 
all fertilizer nitrogen is applied in this 
way. This phenomenal increase-and 
the continuing growth-is an outstand- 
ing development in modern fertilizer 
practice, 

With this substantial background in 
application of nitrogen in liquid form? it 
is conceivable that solutions correspond- 
ing to standard mised fertilizers may have 
a considerable impact on fertilizer pro- 
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duction in the future. Such solutions 
have the same advantages that ammonia 
and nitrogen solutions have over stand- 
ard solid fertilizer practice--the costs of 

evaporating uater  and of bagging are 
eliminated and application to the soil is 
simplified. Moreover. use of liquid 
mixed fertilizer eliminates difficulties 
with segregation and caking often en- 
countered in shipping and storing solid 
mixtures. However. the liquid mixes 
have some outstanding shortcomings. 
Raw material cost is relatively high. stor- 
age is expensive. the solutions are corro- 
sive, and concentration is limited-for 
generally available materials -to a plant 
food content on the order of 3 0 5 ~ .  

The use of liquid mixes is not particu- 
larly new. but growth has been very slow 
as compared to the liquid nitrogrn field. 
Possibly the first plant for producing 
liquid mixes in this countrv \vas the 
G Rr M Liquid Fertilizer ‘20.. established 
in Oakland, Calif., in 1923 (70). Al- 
though othcr plants were built thereafter, 
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Table 1. Estimated Sales of l iquid 
Mixed Fertilizers in the U. S. 

(Year ended June 30. 1954) 
Fertilizer 

Region ond Stofe" 

&-e\\ England 
Llassachusetts 

Sliddle Atlantic 
Maryland 
S e w  Jersey 
S e w  York 
Pennsylvania 

South Central 
Florida 
Georgia 
1-irginia 

Illinois 
Indiana 

Enst Korth Central 

Michigan 
Ohio 
Lt'isconsin 

IOM a 
Kansas 
Minnesota 
Missouri 
Sebrasha 

Kentucky 
Tennessee 

Louisiana 
Oklahoma 

\$est North Crntral 

Edst South Central 

\Vest South Central 

Texas 
hlountain 

Arizona 
New hfexico 

California 
Oregon 
\Vashinqton 

Pacific 

Total 

Sold, 
Region 

91 

229 

161 

1,879 

41 2 

117  

1 385 

1,035 

22.239 

Tons, 
Sfote 

51 

30 
26 
89 
55 

25 
30 
64 

532 
827 

25 
43 5 

60 

117 
31 
56 
86 
90 

65 
38 

45 
75 

1,262 

896 
56 

20.654 
85 

1 .  500 
27,548 
___ 

(1 Xiair nor listed i f  few.er than 25  ions are sold. 

the practice did not grow very fast, and 
as late as 1943 less than 1000 tons of 
liquid mixed fertilizer was reported sold 
in California. Probably the main reason 
for this slow groivth was the relatively 
high cost of the raw materials. svhich 
tended to restrict the liquids to special 
uses such as foliar spraying. flower and 
garden fertilization, irrigation. and cor- 
rection of unusual soil deficiencies. In  
recent years. however, use for more gen- 
eral purposes has taken a decided upturn. 
In  California, for example, consumption 
had increased to 22,234 tons in 1953, or 
about of all mixtures used. One  

reason for such increase, of course, was 
the over-all increase during the period in 
use of fertilizers; another was the fact 
that electric-furnace phosphoric acid be- 
came available for the first time a t  a price 
low enough to alloiv its use in fertilizer 
formulation, thereby making possible the 
ammoniation of the acid as a basic and 
economical step in manufacture of liquid 
complete fertilizers. The furnace acid 
became available not only on the West 
Coast but also in other major fertilizer 
regions of the country, so that by early 
1954 production of liquid mistures had 
begun in the Midwest ( 7 ) .  

I t  is a natural consequence in a fast 
grokving industry that practice tends to 
move ahead of full investigation of prob- 
lems in production and use. Little pub- 
lished material is available in the liquid 
mixed fertilizer field on ra\v material 
usage, problems in manufacture and dis- 
tribution. and agronomic value of the 
product. To  obtain more information 
on these points, a survey has been made 
by correspondence with state officials 
and esperimrnt stations and by both cor- 
respondence and visits to producers and 
equipment suppliers. Information \vas 
obtained from more than 75 companies 
and from about 65 state organizations. 

747 Companies in the Field 

O n  the basis of information obtained 
in this survey. it appears that about 147 
companies produce liquid fertilizers of 
one type or another. or have registered 
them for sale. The  approximate loca- 
tions of these companies are given in 
Figure 1. It should be noted that for a 
rapidly growing industry such as liquid 
fertilizers. an accurate listing of producers 
is almost impossible to obtain. For one 
thing the terminology in the industry is 
still sommvhat confused : anhydrous and 
aqua ammonia. nitrogen solutions, liquid 
mixtures. and neutral ammonium phos- 
phate solutions are all called liquid ferti- 
lizers. so that i t  is difficult to separate the 
first two from the last t\vo as was intended 
in this survey. Even water-soluble dry 
mixtures are confused by some with 
liquid fertilizers. Moreover. it is difficult 
to separate producers from distributors. 
and in some caws state officials stated 
that they do not distinguish brtween 
liquid and dry fertilizers in their report- 
ing and. therefore. are unable to identify 
liquid producers. 

I t  is also difficult to distinguish be- 
tween those who produce on a bulk ton- 
nage basis in competition with dry ferti- 
lizers and those who make and package 
the liquids as specialties. A few com- 
panies do both: and any specialty pro- 
ducer, of course. is a potential hulk pro- 
ducer. An approximate division be- 
tlveen the two groups has been made in 
Figure 1. .4 total of 72 bulk producers 
was identified, and several others Tvere in 
process of building plants a t  the time of 
the survey (April 1955). 

The  position of California as a center 
of the industry is quite evident from 
Figure 1 .  Other centers of activity are 
in the Pacific Northwest (Washington), 
the Corn Belt (Indiana, Illinois, Iowa. 
and Nebraska). and the Southwest. 
Only limited activity. at least on a bulk 
basis, is evident as yet in other parts of 
the country. 

I t  is interesting to note that most of the 
hulk producers east of the Rockies have 
gone into production within the past 
year. This makes it especially difficult 
to get an accurate picture of the consump- 
tion situation since most official figures 
are more than a year old. The best in- 
formation available (Table I) is that com- 
piled recently by \$'alter Scholl of the 
L. S. Department of Agriculture (73). 
For all states except California. Arizona, 
and Tesas-\vhich list liquid tonnage 
separately-the amounts were estimated 
from reports of manufacturers. The 
estimates include specialty products as 
well as bulk tonnages and probably are 
subject to the same difficulties as en- 
countered in identifying producers. be- 
cause of respondents confusing nitrogen 
liquids or soluble dry mixtures with 
liquid mixed fertilizers. However, the 
figures arr  a useful indication of the trend 
in the industry. I t  appears that current 
production in the MidLvest-Lvith over 25 
bulk liquid plants now in production in 
the area-should be much higher than 
the estimate shoxvs for 1953-54. Produc- 
tion on the \Vest Coast is also on the in- 
crease. The figures in the table do not 
includr sales from the new plants of Brea 
Chemicals. Inc.. for production of am- 
monium phosphatr solutions. The  first 
of thesr started operation in September 
1954. the second in the early part of 
19.55. and a third is scheduled for produc- 
tion later. Total capacity of these plants 
is reported as .50,000 tons per year. 

Liquid fertilizer mixes have substantial future and are growing 
fast. I f  their sales potential is  to  be realized, attention must be 
given to  two technical problems-development of ways to  use more 
economical raw materials and determination of solubility relation- 
ships in the systems involved 

V O L .  3, NO. 7, J U L Y  1 9 5 5  569 



Information on grades produced (or 
registered) was obtained both from the 
state agencies and from the producing 
companies and is presented in Table 11. 
The grades cover a wide range and, in 
general, follo\i quite closely the standard 
dry grades. 

For nitrogen-phosphate combinations, 
some of the popular grades are 17-7-0, 
10-20-0. 12-15-0. and 8-24-0. The 
8-24-0 is especially noteworthy since it is 
produced in California in large quanti- 
ties. A total of 38 nitrogen-phosphate 
grades was reported. Seven phosphate- 
potash grades were reported-ranging 
from 0-5-5 up  to 0-18-8-but only one 
nitrogen-potash grade was found. 

.A total of 54 nitrogen-phosphate-pot- 
ash grades was reported. This includes 
only those with more than 15% total 
plant food. In addition to these there 
are a number of grades-mainly in Cali- 
fornia and Washington-which are based 
on fish residues and which generitllv con- 
tain less than 15% plant food. These 
grades have not been included in this 
survey. 

Raw Materials of 3 Types 

Raw material usage in the liquid mixed 
fertilizer field is of three general types. 
The most important and most prevalent 
practice is to use phosphoric acid to sup- 
plv P20j, ammonia (either anhydrous or 
aqua) to neutralize the acid, a nitrogen 
material such as urea or ammonium ni- 
trate to furnish additional nitrogen if 
needed, and potassium chloride to supply 
any potash required. A second type, 
restricted mainly to California and Wash- 
ington, is use of the same materials ex- 
cept for the ammonia. The acid is left 
unneutralized because of the basic nature 
of the soils on which the mixtures are 
used. I n  the third type, both ammonia 
and acid are omitted and only salts are 
used. The raw materials are more ex- 
pensive, and the practice is restricted 
mainly to very small producers and to 
manufacturers of specialty fertilizers. 

In  the acid neutralization practice. the 
most important variations are in use of a 
nitrogen material to adjust the nitrogen 
content. For some grades-notably 8- 
24-0-no added material is needed. The 
ammonia used to neutralize the acid sup- 
plies all the nitrogen required. For the 
higher nitrogen grades either urea or 
ammonium nitrate usually is added. 
Urea is preferable from the formulation 
standpoint because more phosphate and 
potash can be kept in solution with it 
than with ammonium nitrate. Other 
reasons advanced by producers in favor 
of urea were: longer availability in the 
soil, no storage hazard, less corrosion, 
better plant physiological response, and 
better stability during application in verv 
hot weather. However. urea is not as 
generally available as ammonium nitrate 
and the price in some areas is higher. 

For grades of 1 :1 :1  tvpe (8-8-8 and 

Table II. l iquid Mixed Fertilizer Grades Produced in the U. S. and Canada 
Type Grades 

N-P 2-8-0 7-21-0 9- I 2-0 12-15-0 14- 14-0 
4-40-0 7-24-0 9-28-0 12-16-0 15-5-0 
5-7-0 8-8-0 10-10-0 12-18-0 15-10-0 
5-20-0 8-10-0 10-1 2-0 13-1 3-0 16-1 0-0 
6-8-0 8-1 6-0 10-15-0 13-15-0 1’-7-0 
6-12-0 8-24-0 10-20-0 13-17-0 1’-10-0 
6-1 5-0 8-25-0 1 1-1 5-0 13-20-0 20-1 0-0 
6-1 8-0 9-4-0 12-12-0 14-6-0 

N-K 6 3-0-5 5 
N-P-K 2-8-1 6 5-1 0-1 0 7-6-1 9 9-5-4 12-6-6 

3-10-10 5-14-9 7-9-5 9-9-4 12-8-4 
3-12-12 5-1 5-5 --I 1-5 9-9-9 12-1 2-3 
4-10-8 5-20-5 --13-j 9-1 2-7 12-1 2-6 
4-1 0-1 0 6-8-8 7-14-7 10-5-5 14-7-7 
4-1 2-4 6-8-10 8-8-4 10-5-1 0 15-5-5 
4-1 2-8 6-9-6 8-8-8 10-6-4 15-5-10 
4-12-10 6-12-4 8-10-12 10-6-5 15-8-4 
4-1 2-1 2 6-12-6 8-12-4 10-10-5 15-10-5 
5-5-10 6-12-8 8-16-8 10-1 0-1 0 16-8-8 
5-10-5 6-18-6 8-16-16 12-6-3 

P-K 0-5-5 0-9-6 0-10-10 0-10-12 0-18-8 
0-8-4 0-10-5 

10-10-10), urea is almost a necessity in 
order to keep the crystallization tempera- 
ture down. Ordinarily ammonium ni- 
trate is used only for lower nitrogen or 
lower potash grades such as 5-10-10 or 
10-10-5. Many of those reporting use 
both urea and ammonium nitrate in the 
formulation. 

r r e a  and ammonium nitrate are used 
both in the dry form and in the form of 
standard ammoniating solutions. The 
latter. however, are available in only four 
or five ammonia-ammonium nitrate or 
ammonia-urea ratios. Therefore most 
producers use some dry urea or nitrate 
to give flexibility in formulation. Some 
use of ammonium nitrate liquor and of 
urea-ammonium nitrate solution was also 
reported. 

,4 variation in means for adjusting the 
nitrogen content is use of sulfuric acid 
to form ammonium sulfate in the finished 
mixture. Limited use of this method 
\vas reported. 

Phosphoric acid used is both of the 
wet-process (green) and electric-furnace 
(whire) type. The former, however, is 
used mainly for formulations in which the 
acid is not neutralized. I t  contains im- 
purities which would precipitate on 
neutralization and perhaps cause trouble 
by clogging handling and distribution 
equipment. Only two companies are 
reported to be using wet-process acid in 
a neutralization process and in both these 
cases the impurities are removed at  some 
stage of the process. 

The potash material used almost ex- 
clusively is muriate of potash. Although 
it is an economical source of potash it 
leaves something to be desired in the way 
of solubility. Many producers recom- 
mend that the K20 content should be 
limited to lO%l,  if muriate is used. The 
ivhite grade of muriate is generally pre- 

ferred since the red grade contains some 
insoluble material. Other potash ma- 
terials reported were potassium sulfate. 
potassium hydroxide, potassium car- 
bonate, potassium nitrate, and potassium 
phosphate. Ordinarily these are used 
only in specialty products. 

Many other materials such as trace 
elements, herbicides, and insecticides are 
added to liquid fertilizer by some pro- 
ducers. Trace elements reported were 
iron, zinc. manganese, molybdenum. and 
boron. Magnesium and sulfur addi- 
tions were also reported. Calcium poly- 
sulfide is added in some instances as a 
soil conditioner. 

Those xvho use salts only as raw ma- 
terials ordinarily use monoammonium or 
diammonium phosphate as the P?Oj 
source. Other materials are the same as 
those used in thr neutralization method. 
except that there is more usage of potash 
salts other than muriate. Many of the 
salt solution producers aim at  high analy- 
ses-up to 407c plant food content-and, 
therefore, must have a material more sol- 
uble than muriate. 

Manufacturing Problems 

Manufacturing practice in the liquid 
fertilizer industry appears to be in a state 
of flux. The process is a relatively simple 
one-the only operation beyond simple 
mixing is neutralization of the acid-but 
there are several points on which both 
practice and opinion differ. The prin- 
cipal differences are : batch cs. continu- 
ous neutralization. methods of propor- 
tioning raw materials. and means for 
preventine; ammonia loss during neutrali- 
zation. Flow diagrams for three of the 
major process variations are given in 
Figure 2. In variation .4. the neutralizer 
rrsts on a scale and the raw materials are 
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RAW MATERIALS n NEUTRALIZER 

SCREEN- PUMP PRODUCT 

/ SCALE 1 
A. BATCH NEUTRALIZATION (TYPE 1 )  

LlOUlDS  METERS] - 1 
1 . 1  

/NEUTRALIZER I 
SCREEN -PRODUCT 

8. BATCH NEUTRALIZATION (TYPE 2 1 

.PRODUCT WEIGH 
FEEDERS 

LIZER 

G. CONTINUOUS NEUTRALIZATION 

Figure 2. Process variations in liquid mixed fertilizer production 

Iveighed in stepwise. The usual order of 
addition is water, acid, ammonia, other 
nitrogen, and muriate. The purpose of 
the screen in this and other processes is 
to remove foreign objects such as frag- 
ments of paper and wood. 

In variation B, the raw materials are 
Xveighed or measured outside the neutral- 
izer and may be fed in simultaneously if 
desired. 'The use of liquid meters seems 
to be the prevalent practice; however, 
some producers bveigh the liquids and 
others measure the change of depth in a 
feed tank. 

Variation C is a continuous process 
throughout and is therefore well suited to 
large-scale production. The use of a 
cooler as shown is the normal practice, 
but it is reported that some plants are 
operated ivithout one. 

The advantages and disadvantages of 
these variations seem to be about as fol- 
lo~vs .  Variation A is quite simple in de- 
sign and probably costs less to install 
than any of the others, but the stepwise 
addition of materials is time consuming 
and conducive to ammonia Ioss. In  B 
the use of several measuring devices 
rather than one complicates the process 
somewhat, but some of the materials can 
be added simultaneously to speed up the 
operation. This is especially helpful dur- 
ing the last stages of ammoniation, when 
addition of the solid salts helps to cool 

the solution and thereby reduces am- 
monia loss. 

Variation C has the usual advantages 
of continuous operation but also the usual 
drawbacks-higher initial cost and 
greater care required in operation. The 
continuous process appears to be espe- 
cially suitable for plants Fvhich produce 
relatively fepv grades. 

Producers have pointed out several 
problems connected u i th  manufacture of 
liquid mixed fertilizers. They are listed 
in the order of frequenq- of mention. 

Salt cr~stallization 
Corrosion of equipment 
LOSS of ammonia during mixing 
Cost of raw materials 
Availability of raw materials 
Control of product composition 
Low solubility and incompatibility of 

Insoluble impuriti2s 
Rate of solution 
Dissipation of heat of neutralization 
Cost of raw material storage 

additives 

Salt Crystalhzation 
.4n objective in the industry is to make 

the liquid fertilizer as concentrated in 
plant nutrients as are solid mixtures, 
which are reported to have averaged 
over 267, in plant food concentra- 
tion in 1953-54. In  comparison, most 
of the producers consider that the 

danger of salt crystallization sets the up- 
per limit a t  about 2 5 7 ,  for liquid ferti- 
lizer, with perhaps 30TC if urea is used. 

Thus liquid fertilizer can be made 
about as concentrated as the average 
solid mixed fertilizer. Hoivever, many 
solid mixtures exceed the average and 
it is in this higher analysis area that salt 
crystallization becomes a major problem 
in the formulation of liquid fertilizer, 
especially \\.hen nitrogen or potash con- 
tent is high. Some producers avoid this 
problem by restricting combined nitro- 
gen and K?O content to 15%. 

The practical limit of concentration is 
governed by the maximum crystalliza- 
tion temperature which can be tolerated 
under field conditions. Most producers 
gave 32' F. as the highest safe tempera- 
ture. The range of temperature given 
was from -20' F. for ,?inter to 52' F. 
for summer. 

One of the most important factors in 
salt crystallization is the degree to which 
phosphoric acid is ammoniated. Solu- 
bility in the monoamnionium phosphate- 
diammonium phosphate-water system is 
such that an approximately equimolar 
mixture of diammonium phosphate and 
monoammonium phosphate is consider- 
ably more soluble than other mixture 
ratios or the pure salts, Thus for highest 
solubility it is desirable to ammoniate to 
a degree which will give the optimum 
ratio of the tivo salts. The relatively nar- 
row range in which the producer must 
operate is shoivn in Figure 3, which is 
based on the of Brosheer and 
Anderson (2). The very highest solu- 
bility is obtained at  an  S:PpOs weight 
ratio of about 0.3; on either side of this 
value the total plant food content of the 
solution drops off rapidly. I t  is desirable 
to add as much nitrogen as possible in 
the form of ammonia because of its rela- 
tively low cost and because it reduces 
corrosion by raising the pH of the solu- 
tion. The limiting factors are reduced 
solubility and increase in ammonia vapor 
pressure over the finished solution. R'Iost 
producers find the best balance among 
these factors to be at  a ratio of about 
0.33, which gives such popular grades 
as 8-24-0 and 6-18-6. 

Since the solubility relationships ef- 
fectively limit the ammonium phosphate 
portion of the solution to an N:P2Os 
ratio of approximately 1 : 3. neutral ferti- 
lizer solutions are restricted to this as a 
minimum. In  other words. it is not 
feasible to make a lower ratio (such as 
1 :4 ,  e. g.. 3-12-12) lvithout reducing 
solubility greatly and increasing acidity 
and corrosiveness or the product solution. 

For higher N : P 2 0 5  ratios urea or a 
nitrogen salt such as ammonium nitrate 
or ammonium sulfatp is used to bring up 
the nitrogen ab0L-e the amount that 
can be supplied as ammonia. Here the 
solubility relationships are not so well 
known as they are for the simple am- 
monium phosphate solutions. The crys- 
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- COMPOSITION OF 
I 1 SATURATED SOLUTION 

AREA SUITABLE FOR 1 1 LIQUID FERTILIZER 
( UNSATURATED SOLUTION 1 I A 1;' 

pH BELOW 5.5 1 -  - 
0.1 0.2 

HIGH 
AMMONIA 

LOSS 
b 

I 
0.3 0.4 0.5 

I NH3 : H3P04, WEIGHT RATIO 

I I I I I 1 I 
0. I 0.2 0.3 0.4 0.5 0.6 

N : P2O5 ,WEIGHT RATIO 

Figure 3. 
at 32" F. 

Ammonium phosphate solution. Effect of NH3:HsPOk ratio on solubility 

tallization temperatures of some of the 
more common formulas have been 
determined by Arvan et al. ( I )  ; beyond 
this there apparently is no information 
other than that from plant experience in 
the industry. 

Supersaturation is an  additional factor 
in the salting out of product solutions, 
and some producers take advantage of 
this to make high concentrations. For 
example. a 10-10-10 solution (made with 
urea, ammonia, phosphoric acid, and 
muriate) should crystallize a t  64' F. 
( 7 ) .  However, solutions made up by 
neutralization tend to supercool and will 
sometimes remain stable for long periods 
at  a temperature considerably below the 
normal crystallization point. The 10- 
10-1 0 has been known to survi\ e a 32' F. 
cold spell without crystalli7ation. For 
colder weather, honever. most pro- 
ducers drop back to a 9-9-9 or 8-8-8. 

In depending on supercooling for 
protection, producers are helped by the 
fact that their product is distributed 
mainly on a bulk basis, and therefore 
ordinarily goes directly from producing 
plant to the field without any long 
period of storage. 

Supercooling can be enhanced or 
stabilized to some degree by use of a 
small amount of an additive such as a 
hydrophilic colloid. A few producers 
are reported to be using such an  additive 
but no information was obtained on its 
efficacy. 

In the specialty field, potash-contain- 
ing formulas with over 30% total plant 
food almost always require some potash 
compound other than muriate in order 
to avoid salting out. Materials reported 
for such use were potassium phosphate, 
potassium carbonate. and potassium 
hydrouide. 

Corrosion an Outstanding Disadvantage 

One of the outstanding disadvantages 
of liquid fertilizer as compared to dry 
products is thr corrosive nature of the 
liquids. This is a problem during 
formulation and in storing. handling, 
and distributing the finished product. 

The acidity of the solution is the most 
important single factor. The majority 
of producers reported that a pH of 6.5 
to 7.5 is optimum in this resprct. For 
unneutralized solutions the pH is quite 
low; typical values reported nere 1.5, 
2.0. and 3.0. Reported pH values 
ranged from 1.5 to 11 .0. 

The use of ammonium nitrate and 
potassium chloride is also reported to 
contribute to corrosion. Urea is con- 
sidered to be superior to ammonium 
nitrate in this respect. 

Corrosiveness of the solutions dictates 
choice of construction materials. which 
range from stainless steel to wooden 
barrels. For solutions with a pH of 
about 6.0 or higher, ordinary mild steel 
is generally considered to be satisfactcry 

for storage and handling. For lolver 
pH's either stainless steel or mild steel 
coated \vith some resistant material 
ordinarily is used. A few producers 
report use of a corrosion inhibitor, 

For specific pieces of equipment, the 
following general practice was reportrd. 

Acid storage and handling 
Rubber-lined steel or stainless steel 
(preferably S o .  316) 

Ammoniating solution storage and 
handling 
Aluminum 

Reactor 
Stainless steel 

Finished solution storage and handling 
Ordinary steel or \vood (coated steel 
for loxver pH's) 

Although use of these materials con- 
stitutes general practice a numbrr of 
exceptions \rere found. For example, 
one company uses stainless steel all the 
way through, from raw material storage 
to field application. On  the other ex- 
treme, one instance was found of the 
use of mild steel for the neutralizer. 
accomplished by keeping the neutralizrr 
partially filled with product liquor and 
adding ammonia and acid simulta- 
neously, thereby keeping the pH aL a 
safe level throughout the neutralization. 

A corrosion problem has developed in 
some areas in field application of the 
liquids. Many farmers and distributors 
already own aluminum equipment which 
they use for applying nitrogen solutions. 
Cse of this for complete fertilizers has in 
some cases resulted in corrosion. appar- 
ently because of action of muriate on 
aluminum. 

Causes of Ammonia Loss 

Dissipation of heat of neutrali~ation, 
loss of ammonia during neutralization. 
and control of product composition are 
all related problems. The reaction of 
ammonia with phosphoric acid produces 
a considerable amount of heat, so much 
so that some grades boil during neutrali- 
zation. The high vapor pressure of 
ammonia over ammonium phosphate 
solution at  this temperature and com- 
position makes ammonia loss a problem. 
Arvan et a!. ( 7 )  found that such loss 
could be kept below 1% in pilot-plant 
work with a 30-minute period for making 
up a batch. Some producers have re- 
ported difficulty with ammonia loss, but 
practice differs so much that it is difficult 
to generalize as to the cause. As noted 
previously. those producers who measure 
materials before introduction into the 
reactor are able to reduce ammonia loss 
by adding the solids before neutraliza- 
tion is complete, thereby cooling the 
solution. Others cool by blowing air 
through the solution or by recycling it 
through an  indirect cooler. The use of 
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aqua  ammonia is also helpful since it 
produces less heat of reaction. Many 
producers either buy aqua or make it 
from anhydrous. 

The general problem of product 
compositiorl control appears to be giving 
some trouble in areas where liquid 
fertilizer production is new. Many of 
the plants have no means of checking 
composition and must rely on correct 
measuring of raw materials and on  
keeping ammonia loss below a signifi- 
cant amount. Some occasionally sub- 
mit spot samples to a laboratory as a 
check. The situation apparently tends 
to improve as the industry matures in an  
area. For example, in California during 
the early years of the industry the 
percentage of samples found deficient 
by the state control laboratory ran as 
high as 25 to 327;. In  1953, however, 
the percentage was down to about 
12.57,, or about the same as for all 
fertilizers sold in California (3 ) .  

Incompatibility of Additives 

.As in the solid fertilizer field, many pro- 
ducersof liquids use additives such as trace 
elements. herbicides and pesticides in their 
formulations. They have a major ad- 
vantage over solids producers in that the 
additives can be mixed much more 
quickly and thoroughly in a liquid 
system than in a dry one. Lnfortu- 
nately, however, many of the trace 
elements are not very soluble in neutral 
types of liquid fertilizers, zinc being 
especially difficult in this respect. Some 
producers add trace elements, however, 
to thr extent that they can be kept in 
solution. Boron seems to be the ele- 
ment added most often. 

As for pesticides and herbicides, the 
situation in the liquids field appears to 
be no clearer than in solid fertilizer 
manufacturing (5). Several producers 
reported that such additives tend to 
separate on standing, a difficulty which 
they avoid by postponing addition until 
just before field application. 

Availability of Raw Materials 

Because of the unsuitability of some 
standard maLerials, the producer of liquid 
fertilizers has more of a problem than the 
solids producer in obtaining matrrials. 
For example, he needs urea for some 
grades rather than ammonia nitrate. 
He uses furnace-type phosphoric acid 
rather than standard fertilizer phos- 
phates, and he prefers white muriate to 
the red because of insoluble impurities 
in the latter. 

With these peculiar requirements it is 
not surprising that local shortages 
occasionally develop. Moreover, liquids 
producers are concerned over the future 
supply of phosphoric acid, which has not 
been available very long and which 
ordinarily goes into markets where it 

commands a higher price than in the 
fertilizer field. 

Although suitable materials are some- 
times in short supply, the problem may 
not be a serious one. Suppliers appear 
to look on liquid fertilizers as a po- 
tentially important field and seem to be 
moving in the direction of meeting these 
needs. Phosphorus producers are espe- 
cially aggressive in this and have built 
several acid plants around the country 
in the past two or three years. The 
interest of nitrogen producers is perhaps 
indicated by a recent announcement 
that one is building a liquid mix plant 
to serve as a demonstrarion unit for users 
of ammonia and nitrogen solutions (8 ) .  

Cost Factors 

Producers were asked how costs 
compare generally in their area for 
liquid mixes L I S .  bagged drl- material. 
Nearly all of those using ammonia for 
neutralization stated that liquids \vere 
either comprtitive or lower in production 
cost. Those who considered liquid cost 
higher \vere mainly producers who use 
salts only and whose raw material cost 
is, therefore, much higher. Those who 
use acid without neutralization 
divided on the question. 

In respect to raw material cost, 
liquids producers have the advantage 
of being able to use a larger proportion 
of inexpensive ammonia than can be 
used in making up solid products. In  
liquid mixes eight pounds of ammonia 
per unit of P2Oj normally is used? 
whereas the average in the dry mixing 
industry probably does not exceed four 
pounds. This is quite a marked ad- 
vantage for grades such as 8-24-0, in 
which all the nitrogen comes from 
ammonia. For higher nitrogen grades 
the advantage is decreased because the 
cost of the additional nitrogen is more 
nearly in line with what the dry pro- 
ducer pays. The cost will still tend to 
be less, however, if such liquid sources 
of nitrogen as ammoniating solutions and 
solutions of ammonium nitrate or urea 
can be used. O r  sulfuric acid can be 
used to tie up additional nitrogen at a 
cost which should be less than that Lvhich 
the dry producer pays for ammonium 
sulfate. 

In  many cases, however, producers 
use solid urea and thereby incur a cost 
handicap. This may be due to un- 
availability of ammoniating solutions, 
lack of adequate storage, or other rea- 
sons. Also, ammonium nitrate solution 
is not generally available and as far as 
is known no urea solution is on the 
market as yet. Urea-ammonium nitrate 
solution is available, however, and is used 
by some producers. 

The main cost disadvantage in liquid 
manufacture is the cost of furnace 
phosphoric acid. .4t an  f.0.b. price 
which appears to range from $1.48 to 

$1.62 per unit around the country, the 
cost of P2Oj in this form is somewhat 
higher than that from solid sources. 
One possibility for reducing this cost is 
use of wet-process acid, which ordinaril;: 
costs less to produce than furnace arid. 
HoLvever, wet acid is not generally 
available and the cost of removing 
impurities may be a significant cost 
item. Pilot-plant Jvork at TVA ( . I )  
has shown that precipitated impurities 
can be removed from ammonium phos- 
phate solutions by a practical process. 
HoLvever, for liquid fertilizer prepara- 
tion some separate use kvould have to be 
found for the precipitate, since i t  con- 
tains a substantial amount of phosphate. 
If the producer also owns a dry fertilizer 
plant the precipitate might be worked 
into the dry product. Or  i t  might be 
sold separately as is the precipitate ob- 
tained in purification of wet-process acid 
for industrial use. There is also the 
possibility of using the ammoniated 
\vet acid as a "slurry" fertilizer \vithout 
removing the precipitate. T h i s  ap- 
proach may have serious drawbacks from 
both technical and consumer acceptance 
standpoints. 

The concensus seems to be that cost of 
raw materials for liquid fertilizer produc- 
tion will normally be higher than for 
solid mixtures, but that if proper ma- 
terials are available the differential can 
be reduced in many areas to a figure 
which will give an over-all production 
cost lower than for the equivalent dry 
product. 

The simplicity of liquid fertilizer 
plants and elimination of operations 
such as curing, crushing, and bagging 
make operating cost very low. Many 
of the batch plants use a 1000-gallon 
reactor and thus can produce 10 to 15 
tons per hour, \vith only one or t>vo 
men needed per shift. An especial 
advantage for liquids in the hfidwesr 
is that the cost of granulation is avoided. 
A granulated form of the dry product is 
demanded in this area by a large per- 
centage of the consumers. 

Another major advantage of the 
liquids is in the loiv plant cost. Equip- 
ment prices for 10- to 15-ton-per-hour 
plants are quoted at from about $13,000 
to $45,000. which is considerably less 
than the cost of comparable dry plants. 
The principal differences are thr smaller 
building requirement, reduced need for 
solids handling equipment, and elimina- 
tion of curing, granulating, drying. and 
bagging. 

O n  the other hand an  outstanding dis- 
advantage for liquids is the cost of 
product storage, which normally runs 
at  least twice as much as for dry ma- 
terials. Many producers avoid this 
handicap by making up solutions only 
as needed, storage being installed for 
only a few batches. Raw material 
storage in these plants usually is also 
limited, thus shifting the storage problem 
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back to the supplier. This is a gro\ving 
problem for the nitrogen suppliers in the 
solid fertilizer field as \veil as the liquid, 
and it appears that means to cope with 
the problem are being worked out. 
Acid producers do not have as severe a 
problem; flexibility between industrial 
and fertilizer use appears better than in 
the nitrogen field and the P 2 0 j  can be 
stored if necessary as elemental phos- 
phorus, a relatively inexpensive method 
as compared to acid storage. 

The distribution pattern for liquids 
is a further cost factor. The tendency 
is to build a small plant to serve an  area 
of about a 25-mile radius. If demand 
from outlying areas grows. a new plant 
is built to serve the new area instead of 
expanding the old plant. Simplicity and 
lo\\ cost of liquid fertilizer plants make 
this more feasible than in solid fertilizer 
production. The result is that the pro- 
ducer retails the product and in manv 
cases applies it on the farm. ~ i t h  a higher 
profit resulting from this integration of 
functions. Thus liquid mixing tends to 
leave only the primary producer and the 
mixer in the chain from original sources 
of plant nutrients to ultimate consumer. 

The balance between various cost 
factors is perhaps indicated by the fact 
that producer-dealers are currently sell- 
ing liquid mixtures in the Midivest a t  a 
price less than that charged by dealers 
for comparable bagged dry fertilizer. 
Typical prices for liquids are $61 to $62 
for 10-10-10, $44 to $45 for 4-10-10, 
$57 to $62 for 12-8-4. and $38  to $62 
for 6-18-6. The price for bagged 
10-10-10. for example. run3 as high as 
$70 per ton in the same area. 

Delivery and Application 

Practice in delivery to the farm and 
applicalion to the soil parallels fairly 
closely that of nitrogen solutions. Nu- 
merous varieties of application equipment 
are in use (6 ) .  Like nitrogen solutions, 
the liquid mixtures have a significant 
advantage over solid products in con- 
venience and economy of application. 
A further advantage claimed is accuracy 
of application. Liquid producers state 
that the liquids can be distributed in the 
field with less than 5% variation and 
that this is better than usually is done 
with solid materials. 

Although custom application by the 
mixrr is a prevalent practice, the survey 
indicates that farmer participation in the 
application is growing. A summary of 
the methods used by various producers 
is as follows: 

Custom application 41 % 
tanks to the farm 38% 

at  the farm 13% 

at  the mixing plant 8% 

Delivery of returnable field 

Delivery to farmer-owned tanks 

Delivery to farmer-owned tanks 

Some producers state that although 
custom application is usually a necessity 
a t  first. the farmer tends to take over 
local transportation and application as 
he becomes accustomed to the new 
material. 

Producers Differ Widely on 
Agronomic Value 

The agronomic effectiveness of liquid 
mixtures is a point on which producers 
differ Lvidely. About a third of those 
contacted stated without qualification 
that liquids are superior to solid mix- 
tures. About half of the group affirmed 
the superiority but included some limit- 
ing qualification. Some of the condi- 
tions listed as giving superior results 
with liquids were: with certain crops 
only. for certain fertilizer practices such 
as side dressing, in dry seasons? in cold 
weather. and on alkaline soils (for the 
acidic type of liquid mixtures). The 
remainder of the group (about 20%) 
stated that in their opinion the liquids 
have no agronomic advantage over the 
solid type. 

Agronomic literature on the subject 
appears to be scant and to some extent 
conflicting (9 ,  7 7 ,  72, 74). The situation 
probably is confused somewhat by 
variation in water solubility of the solid 
materials considered in various compari- 
sons. IVater solubility of phosphate is 
regarded by agronomists as being quite 
advantageous under certain soil and 
crop conditions. I t  is quite possible 
that the complete solubility of the liquids 
has shown an advantage in some areas 
where solid fertilizers used have been 
only partially water soluble. There 
appears to be no evidence, however? 
that the liquids are generally superior to 
water-soluble solid materials such as 
diammonium phosphate and ammonium 
phosphate-sulfate. 

The only agronomic criticism of liquids 
received \vas that phosphate is fixed in 
the soil more rapidly when it is in liquid 
form. Little agronomic data appears to 
be available on this point. 

Status of the Industry 

Liquid mixed fertilizer is currently a 
fast growing phase of the fertilizer 
industry, a t  least from the standpoint of 
the number of companies going into the 
business. The actual quantitative sig- 
nificance of this growth cannot be esti- 
mated very well as yet because many 
operations have started quite recently 
and some plants are still under con- 
struction. However, advantages of 
liquids seem to indicate a substantial 
future for them, although any major 
displacement of dry materials in the near 
future seems quite unlikely. One of the 
more important factors in the rate of 
growth is the probability that ammonia 

and nitrogen solution distributors wilI 
move into the field of complete fertilizer 
solutions so that they can give a balanced 
fertilizer service to the farmer. The 
greatest deterrent probably is that a new 
practice is involved and consumers are 
slo\v to change. However! the growth 
of liquid nitrogen application in the 
past decade is proof that a new technique 
can grobv at a rapid rate in the fertilizer 
industry. 

In  order to realize fully whatever 
potentialities exist in liquid mixtures, 
it is essential that the several problems 
in production and use be investigated 
fully. T ~ v o  problems that appear to 
ivarrant special attention are develop- 
ment of \vays to use more economical 
raw materials and further determination 
of solubilit). relationships in the systems 
involved. 
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