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the ceidulation olurr, from the nitric ucid citesk of phosphate rock by coocling ani sepe-

ration of cry~tallized coleium nitrote tetrahvdrate (CF ).
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The use of direet Lect trepsfor for cosling the ceiduletion slurry by meens of on
ingoluble hect trorsfrr medium cionverte the origjinal Odda process to & fully continuous
end cutomatized prociss with o ominimum of cryiiprent and mointenance. sccordirg to the
requirements, 1t as presibls to produce motaer liquor -- i,.e, crvstzllizeation provess
phosphoric n2id ~- which permite tuo production of LNP/VPK f :rtilizers having 2 water
solubl: T O -centent os hign e ) por oent (er even more), totel nutrient content of
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High purity of by-producrt C¥ 1 sn.bles its furtacr nrocessing to nitrogen fertiliz-

crs bty meons of known procoessen,

The flowsns~t ¢nd relevint process deseription of the Chemoprojeki-Bimcg process
18 intreducd ond 1te nrintipol procosc feotures orc evnloined.  Specific consumption
figurcs of *italities per ton of P205 in mother liquor diuponc on the degree of €O senc-
rotion,  Some ~omples for the incorporation of the crystollizotion process into fertil-

1zcr plrats nre discussed.

The reeond part of the poper declse with the use of the continuous direct cooled
cryet. llizer within ¢ JPK fortilizar plent which hes been put on streem recently. The

plent hos o capreity of £O tons per doy of 0. (80 per cont woter-soluble) ca fertilizer

05 |

using Morocco phusphete ind 9 per cent nitric ecid a8 feedstocks,
The pl=nt is designed to prcducn three NPK formulos:

&) 12 ¢ 2% 1 12 cepecity 250 mtpd
v) 16 116 ¢ 16 copacity 375 mtpd
c) 17 12 24 - cepreity 530 mtod

e

wcrording to the over:ll nitrogen bolence o corresponding cmount of ammonium nitrate
solution is nroduced &8 by-product, which is, topcther with simultcneously produced cal-

cium carhonate, proresged into calcium emmonium nitrate in an existing fucility.
o detailed procese descrintion is given and 1llustroted by o flowsheet,
The plont consists of the following imiln nrocesn gtups:

nitric (cid cttick Of nhosphote rock, two-stuge direect-cooled crystallization (Chemo-
proj¢ kt-Brmeg, procesre), ammoniction ond concentrotion of the mother liquor, pugmill gron-
ulrtion, drum drying ~nd fluidized bed cooling for the NPK linc, Cti1 is converted into
cmmonium nitrotc and celcium corboncte using carbo-ammoniction ond filtretion of calcium

corbonate (CFK-process) for the by-product line.

Typicol evrmples show the high flexibility of this typc of process with respoct to
the production of different 'PK formulcs in ¢ given plant with only slight modifications
proctics lly not affceebing the overall investment costs. The row matericl oand utility re-

quirements cre given for some typical NPK formulas. Baged on cvercge Turopern conditions,

cepitel investment ond production costs cre demonstrated.

Finzlly, possibilities zrec show. for wusing T.0. mother liquor origincting from a

2'h

nitric ~cid sttack slurry after crystollization of CN, using the Chemoprojekti-Bamag

4
proccss, for cxrmple: NF or WPK production based on cxisting gronulation technologies

or production of phusphoric ecid cquivalent to super-phosphoric acid.
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Introduction

1. The purpose of this paper 1s to describe the technology of prcduction,
transportation, and dilstribution of iiquid lertilizers, not including anhy=
drous or aqua ammonla which is the subject of another paper. Alsc, the
present paper will not attempt to cover ammoniating solutions which are
primarily intended for use in the production of granular soljd fertilizers,
The practices that will be described will be mainly those used in the United
Stutes, but practices in other couniries will also be described insofar as
the author's knowledge permits.

2. The principal liquid fertilizers used in the Unitod States, other than
anhydrous and aqua ammonia, are nitrogen solutions and liquid mixed fertil-
izers. MNitrogen solutions used for direct epplication are mainly nornprescure

solutions containing no free ammonia. Liquid mixed fertilizers are those that

contain at least two of the three primary plant nutrients, N, I;C;, wnd K0,

The term "liquid fertilizers" is used to include clear liquids containing no

undissolved colids and suspensions which contain solids.

History of Liquid Fertilizers

3, Liquid fertilizers are often regarded as a modern development. However,
waste liquid organic materials have been used as fertilizers for many
centuries.

Ik, Sir Rumphrey Davy experimented with solutions of incrganic aalts as

fertilizers as early as 1808 (1). Especially good recuits were reported
with weak solutions of ammonium carbonate. Prior to 1840, Sir Jemes Murray

produced and marketed 1liquid mixed chemical fertilizers in Irelari, The




mixtures were gold in 30-sgallon casks, Iun 1840, Liebig suggested that bores

be dissolved in dilute sulfuric acid and the solution sprinkled on the poll
before the plow. This advice was followed bty some farmers (2). Gaus liquor,
an ammoniacsl byproduct of coal gas manufacture, bas been used for fortilizer
in Great Britain since 1843,

5, Provably the first liquid fertilizer plant in the United Stntes was built
:n Oskland, Califormia, in 1923. Growth vas slow in the next 25 years because
of scarcity and high cost of suitable materials.

6. After World War II, increased suppliss of nitrogen materials from syn-
thetic szronia and furnace-grade phosphoric acid favored expansion of liquid
fertilizer production and use. By 1953, 22,000 tons of liquid nixed fertile
{zer vas produced in Californis, constituting 9% of all mixed fertilizer in
that state,

7. In the eastern and central parts of *he United Statas the Tirst known come
sercial production of liquid mixed fertilizers (other than packeged or bottled
specialty products) was in s plant in Indiana. In 1995, 147 companies ware
reported to te mexiag !fqua mixed fertilizer in tho Urited States. O0f thess,
only 72 produced bulk 1liquid fertilizer for Tarm usse, and cnly 2% vere east of

the Rocky Mountains.

Orowth in Use of Liguid Feriilizers in *he Ugited States
8. Since 155%, production and use of 1iquid fertilizers in the United States

bave grovn at e apectacular rate. One indication of the rate of growth of

1iquid mixed fertilizers in the United States is the increase in the number of
plants vhich is shown in Figure 1. The number of plants ircreased from 3*3 in
1959 to over 1700 in 1968, snd according to receat information, thers are nov

over 2700. Official statistics indicate that the tonnsge of liquid mixed
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fertilizer has approximately doubled every 4 years during the last 12 years
(1957 to 1569). Thus, in 1969, the latest year for which official data were
availlable, the consumption was slightly over 2 million wmetric tons, about
double the 1965 consumption. The rate of increase in consumption of nitrogen
solutions has been equally repid, from less than 200,000 tons in 1659 to

2,5 million tone in 1369, Incomplete data for 1970 axd 1971 indicate that use

of 1iquids is contiuuing to grow much faster then that of solids.
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FIGURE |
GROWTH OF LIQUID MIXED FERTILIZER INDUSTRY IN UNITED STATES

9. Data for 1969 show that consumpiion of liquids in all forms, anhydrous and
aqus ammonia, nitrogen solutions, end liquid mixed fertilizers, constituted
24$ of the total fertilizer use; on a plant nutrient basis, 284 of the N,
Pp0s, ard KgO were in liquid form. Estimates for 1970 indicete that liquids
account for 25% of the gross tornrage and 30% of the plant nutriert use.

10. The rapid growth of liquid mixed fertilizers is particularly interesting

in view of the fact that the development was rot planned by major industrial




organizations or by Government agencies. Instead, the growth resulted from
the needs of farmers and the efforts of small, local industries to supply
those needs. TVA participated by generating technological information when
the need became evident. Major industry responded by maliing available the
basic materials, altiough their raespoase has lagged scnewhat bshind demand
in the case of phosphatic materials.

11, The popularity of liquid nitrogen materials usually is ascribed in part
to their lower cost as compared with solids, and no doudt cost is a factor,
particularly in the case of anhydrous ammonia. ligquid mixed fertilizers, on
the other hand, usually sell at a higher price inan their solid counterparis,
so some other explaration must be sought for the growing popularity of
liquids.

12, The most frequently mentioned advantages of liguide are conveniencs,
ease of applicaticn, and labor saving. Convenience menns sdaptability to
rapid mechanical handling and absence of manual iabor, The farmer need not
1if%t anything heavier than the end of a hose. Liquids are dependably free
flowing and can be accurately metered. Frecise placement and ever disntri-
bution are more easily attained with liquids than with solids. The time
required for fertilizing a given aree is often less fcr l.iquids than eolids.
Gardner (3) has presented an economic analysis vhich indicates that use of
liquids may be econcmically advantageous in Zngland vhen the costs of
handling and spreading are teken into account.

13, Liquid fertilizers ere adaptable to combinaticn with many herticides
and insecticides; by using such mixtures, further saving in labor can be
obtained. Microuutrieats cen be mixed with liquids; the small size of the

local plants makes prescription mixing feasible,




1k. Another favorite labvor-saving combination of cperations is irrigation
and fertilization. Liquid fertilizer is injected intu irrigation water.

15, Liquid fertilizer is free from several faults that are often present in
solids. Liquids are dependably free flowing, they are not dus.y, they do not
cake, they are unaffected by hunid veather or even rain. The;s are (usually)
homogeneous. They are adaptabie to foliar application after suitabdle
dilution.

16. From the viewpoint of menufacturers, the mixing equipmcat s simple and
inexpensive, Problems of dust and fume which are prevalent in grenulation
operations are absent in liquid manufacture., Storage, handling, and losding
for shipment are less expensive for liquids than solids., Pumps and piping
for liquid handling are cheaper than convey.rs, elevatcrs, an' power ghovels,
both in capital and cperating costs.

17. Unlike granulation processes, a large-scale operation is not necessary
for economic success in liquid fertilizer manufacture. Whereas the economlc
mininum scale for the maaufacture of grarular diammonium phosphate may be
about 100,000 tons per year, s 10-340 1iquid can be produced cconomically
at one-tenth this output. Hovever, this i possidle only when the basic
materials (urea, ammonium nitrate, azxionia, and phosphoric acid) are

supplied from large-scale operations.

Nitrogen Solutions
18, By far the most common nitrogen soluticns are the ures - amonium

nitrate (UAN) solutions. These solutions contein approximately equimolar
proportions of urea and ammonium nitrate which give maximum solubility.

Figure 2 is a phase diagram of the systew urea - amxoniunm nitrate - water

in vhich the components are indicated in percentage by veight.
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19. The common grades of typical UAN solutions s0ld in the United States amd
their properties are shovn belcv.

gm%uit%on, ﬁ by welght .
i Salting-out Specific gravity
N_ nitrate Urea Water temperature, °C at 15°C

32 kb3 35.4 20,3 0 1,33
30 k2.2 32,7 251 =10 1.30 |
26 38,8 2,0 30.2 -18 1.28

20. In some countries a UAN solution containing 26% N is marketed; it has

s salting-out temperature of about «2%5°C, As shown by Figure 2, the mm
possivle salting-out temperature io «25.5°C which occurs at the ice -
ammonium nitrate - urea triple point. The solution grade is about 25% N.
21. UAN solutions are often produced merely by mixing ammonium nitrate and
urea solutions and vater., BSeveral plants produce urea solution by a " cee
through" process and utilize the unreacted ammonia to make ammonium nitrate.

Vhen the ammonium nitrate and urea facilities are not at the same location,

I_




prilled ures may be transported to the source of the ammonium nitrate solue
sion and sdded to the solution while it is hot. TFlaked uresa has boen used
for this purpose, since flaking is less expensive than prilling.

22, Fgure 3 is a diagram showing continuous production of VAN solution.
Ammonium nitrate solution is produced continuously by peutralization of
nitric acid vith ammonia. The hot ammonium nitrate solution is mixed with
hot ures solution from an adjacent urea syathesis usit. Water is afdod 42
necessary o dilute the solution to the desired graie. The solution 1o

cooled to minimize corrosion of storsge taiks.
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FIGURE 3
FACILITIES FOR PRODUCING UAEA-AMMONIUM NITRATE SOLUTION

23, UAN solutions are scmewhat corrosive to carboa stsel tanks, but the life
of steel tanks 1s long enough to make their use practical. Tae corrosion rate
1s decreased by adding encugh free ammonia to keep the ¥ above T. Aleo, var=-
1ous other corrosion inmhibitors sometimes are used. Storage tanks at retail
stations are often made of aluniprum, which is more resistant to corresion.

2k, There is some use of straight ammonium nitreve solution for direct appli-
cation; a solution containing 5k.3% NENCs and 4%,7% vater has a salting-out
temperature of 1°C ani contains 19% N. The solution is rot popular because of

its low concentration and because 1t is more corrosive than UAN solutions.
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25. Since the costs of concentrating and prilling or granulating are avoided,
1t is logical that nitrogen solutions should be less expensive “han solid pni-
trogen materials. The wholesale list price of UAN solutionec delivered in the
midvestern part of the United States in the spring of 1971 was equivalent to
about $149 per metric ton of N, vhereas bulk ammonium nitrate or urea vas

priced at about $161, about 8% higher. Various discounts from list price are

often in effect on both solid and liquid nitrogen materials,

Liquid Mixed Fertilizers
26, The liquid mixed fertilizer industry in the Unitcd States coneists of s

large number (over 2700) of small plants® that compound mixtures, ucing mate-
rials supplicd by larger manufacturers. The annual production psr plant
ranges from less than 500 tons to over 25,000 tons and probably averages less
than 2000 tons. The smaller plants sell directly to fermers. Many of the
plants also mix and seil solid fertilizers, and sell nitrogen solutions or
anhydrous ammonia. Alsc, many of them are engaged in other agricultursl
services; sale of seeds and pesticides, purchasing grain, compounding and
selling animal feed, ginning cotton, etc.

27. Liquid mixed fertilizer plants are clascified as "hot aix" or "eold mix."
A hot mix plant 1is one that uses phosphoric acid aund smmonia; the heat of re-
action gives this type of plant its nare "hot mix." The cold mix plant uses
ammonium phosphate solution and nixes it with other ingredients; no heat of
reaction is involved. Such plants may be very simple and inerponsive. A

"semihot mix" plant is one that derives part of its ammonium phosohate from

1 The term "plant" denotes any facility that is equipped to prcluce mixtures
whether by mechanical or chemical processes. It does not include dealers

or merchants who only sell or distributc mixtures or materiale.
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phosphoric acid end ammonia and part frc. purchased ammonium phosphate

(solid or solution). The proportion is such that little cooling 1is required,
and the beat of reaction is helpful in dissolving s0lid matorisls such as
potassiun chloride and urea.

28, Lliquid mixed fer.ilizers are often male t> order and a,plied scon after
mixing. For th!s reason the salting-ovt trapsreture is less iwportant than
‘hat of the base ewluti. as fr-om which t.ey arc mde, A salting-out tempere
ature c? 0°C is often “:ed as a standard, althouzh obviously the requirements
depend on climate, 99"06; vid leng*h of storags.

29, The principal materials us\i (n liquid mixeld fertilize.s are axmonium
phosphates (inclnding polyphesphate<), UAN soluticas, “vhi.e” (fully solutle)
potassium chloride, and solid urea. As wenticn-1l previously, the n!trogen
solutions are simple tu produce and relatively inexpensive. Whita potash is
available from several scurces in the "™ited St rea asd Taneds; (t» price 18
about 8% higher than "standarc’ *in» potash tha’ conta.ns ‘nsoluble impurie-
ties, but 0% lower than grunlar potash. When sulfur is rcrulied, 1t 4s
usually rupplied as e-xvaium thiosulfate sulu-lon; amoniua sulfate or ele-
mental sulfur {¢ sometimes used in suspencions. The post copmon mlcronus
trient is zinc; 1* may be supplied as the oxide, carbonate, or sulfate. ALl
of these forms are soludble in ammonium polyphosphet: solution, Lut wot in
orthophosphate. The zinc sulfate and oxid: are alzo s iuble in UAN solutions
1f sufficient ammonia is sdded to maintain the pH in the rang. -f 7 to 8.

30. The main 41fficulty has been in getting an sdequate m7Tply of goods
quality phosphatic material, and it is in this {1211 tbat naj.. technical
developments have occurred and will occur. For th's reesen . larce pert of

this paper will be devoted to phospbatic materials for liquii fertilizers.




Superphosphoric Acid and Ammorium Polyphosrhates

31, When the liquid fertilizer industry vas getting started, the principal
phosphat!c material was electric-furnace orthophosphoric ecid. The usual
practice was to nautralize the acid with aqua armonia to produce an 8-24<0
ammonlum phosphate soluticn and then add UAN solutions and potash as required.
32, The available supply cf electric-furnace acld for fertilizer purposes
vas limited. Also, the concentration of nixtures obtuinable in the ammonium
orthophosphate system was rather low.

33, The use of superphosphoric acid caused a major breakthrough in the teche
nology of liquid fertilizers. "Superphosphoric acid" is a term generally ape
plied to phosphoric acid containing a substantial percentage (usually 40 to
80%) of its Po0s in the form of polyphosphoric acids. The use of
superphosphoric acid has the fcllowing edvantages.

a. Higher analysis base soluticrnis can be prepared because of the high

solubility of ammonium polyphosphates.,

b. Since polyphosphates will sequester the impurities in wet-process acid,
this acid can be used in the preparation of clear solutions.

¢. Substantial amounts of micronutrient clemeants can bte dissclved in ammonium
polyphosphate solution, whereas many of thess elements are essentially

insoluble in ammonium orthophosphate solution.

d. The high concentration of superphosphoric acid (over 70% P.0g) results ia
freight savings if the acid is shipped.

34, Although superphosphoric acid has been known for meny years, itc firct

known comrercial use in meking liquid fertilizers was in 1557 when superphos-

phoric acid produced by the Tennessee Valley Authority wacs shipped to the West

Kentucky Liquid Fertilizer Company, at Hopkinsville, Kentucky, vhere it was
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armoniatec to mnke a base solution (11«33=0). The superphosphoric acid come
tained uhout 76% PgOs, and about 50% of the Iz0s .as present as polyphosphoric
acids, wmainly pyro. This concentration was chosen uecause it was near & ou-
tectic between orthophosphoric and pyrophosphoric aci? vhich occurs at 75.4%
Pa0s and 16°C. TVA had only limited success in nromoting the use .f = pere
phoephoric acld by liquid fertilizer manufacturers. The main Aravbacks were
the scarcity and hich cost of tank car: for trensp riing the acid and cccae
clonal difficu’s, wi*h crystallirution cf the acid. Also, fav li{quid
fertilire~ manufactursrs had sul‘able =anks for ntoriryg aeld.

35. Tn 19%9, TVA started manufsa:ture of the ll- 3.0 tase solutiorn ’rom acid
of about 76% Po0g cortent. The ¢ rade was changed in 1560 %o 10<34-0 vA or hed
a lover calting-out tempersture. Thies so’ual.on becaure guite »opular wit'
liquid fertilizer marufacsturers; it was shipped in nild steel *ank cars ~r
trucks and stored in mild steel tanks. Alsc, 1% relieved ‘Le -muufacturers of
the need f.r carryiag out any chemical reactiuns. Iz 15G2 the gradc /as
chauged afFain to 11-37-), which vas made from acid of 79 to 80% Paug ccatant
vith a polyph-sphats coatent of 70 to 755, A typical sumple of 1.-27-0 come
tained 27% of PpNs ac orthophosphate, L2% as pyrophosphate, 20% as tripoly-
phosphate, and 11% as Ligher polyphosphate. The solution has . pH of 9.0 t¢
6.2. Its vizcusity 15 80 centipolses, and its specific gra~i+y isl.bat 2L°C,
36, Several advantages of the 1l1-37-0 over earlier suluticne soon decame
evident. Its higher polyphosphat~ content increased :ts e uccteri~g ablllty.
The solubility curve is relat.vely tlat in the re;lor ot me«imun rolubi’ity,
alloving more latitude in N:PpOs ratio and pH (see Pg. L, .'. The il-B'I-O
could be stored for several months at =18°C wittout crystallizati.c. When

crystals form, they are small, thin crystals of (Hi,)sl's01y-2H,u that

¥
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redissolve readily when the solution warms up; crystallization of solutions of
lower polyphosphate content ylelded large, thick crystals of (NH,)gHPO, that
were difficult to dissolve, |
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37. Advantage was taken of the good cold weather stbmse properties of
11370 to store substantial quantities in the porthern Midwest States. De-
mand for liquid fertilizer is highly seascnal, and e shortage of tank cars

often develops in the peak season. To ensure an adequate supply and to take
sdvantage of seasonal discounts, some producers purchased 11-37-0 in the
autumn and stored it through the winter. Winter temperatures in the northern
states often go as lov as =29°C and may average as low as - 8°C for as long
as & month. Winter storage of 11-37-C under these conditions has proved
entirely satisfactory.
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38, More recently TVA has increased the polyphosphate content of 11370 to

75% minimm (usually about 80%) and has introduced a new grade, 12-b4-0, also
containing a mininum of 75% of the Pg0s in the polyphosphate form. These so-
1utions contain increased proportions of tripolyphosphate and longer chain
polyphosphates which are more effective f.r mernesivm sequestration than
pyrophosphate.

39, These high-polyphosphate solutions have a strong +endency to supcreool,
so much so that determination of salting-cut temperature is difficult. The
supercooling is sufficiently dependadble that use can be msde of 1 in cwrer-
cial practice. "StalLility" tests are made in which “he samples are stored at
0°C for 1 to 6 months, Approxinmate da*a ghowing stability of ammonium pely=
phosthate solutiors containing about 70 to 807 ol their Pa0s 'n polyiejhate
forms are shown in Figure 5. For the 80% polyphosphate level, tho highest
concentration stable at 0°C is obtained a* a relatively low N:Pz0s ratio
(12-44=0 = N:Pz0s ratioc of 0.27). This solution has e lover pH than 11.37.0
(about 5.6 vs. 6.2). The low pH causes relatively repid hydroiy..: et tempers-
atures above 20°C, go 1t should be well cocled or used scor after productlon.
It may be converted to 11-37-0 by addition of wuler and ammonia, or it my de

utilized in sequestracicn of wet-process acid.
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FIGURE 8
STABILITY OF AMMONIUM POLYPHOSPHATE SOLUTIONS AT O°C
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40, In 1966, TVA started production of a solid ammonium pelyrphosphate,
13-62-0, containing a minimm of 50% of 1ts P20s in the form of polyphos=~
phates. The solid material has an obvious advantage in reducing shipping
cost; it 1s used to make liquid fertilizer by disso’ution in water and
addition of ammonia to produce 10-34-0 bese solutions., Typical analyses

of these TVA products are shown belov.

aquids 2e)
Orade 20-36-0 _11-37-0  12-bb-0 ;z_s._fé'-o
Concentration of acid,
% PyOg 76  19-80 80.81 80-81 76.%

Species of distridution,
% of total PgOg

Ortho b9 29 20 16 39
Pyro b2 k2 37 36 56
Tripoly 8 21 3 2h 3
Tetrapoly 1 5 10 13 ,,1
Higher 0 3 10 11 “

bl. The high-polyphosphate materials are ospacially useful in scquestiration
techniques which will be descridved later.

42, All of the TVA materiels described adove werc made from elemental phos-
phorus that vas produced by the electric-furnace process. In 1998, TVA and
others started experimental studies of production of superphosphoric scid by
concentrating vet~process phosphoric scid. This vork ultimately resulted in
severa) commercially successful processes.

43, The TVA pilot plant (5) produced superphosphoric acid by concentrating
vet-process acid in a direct-fired evaporator. At least two companies in
the United States now use this process in large-t..le production facilities.
Scvernl cimilar commercial-scale units are in cperatica in Europe (6).

L4, Some other firms use vacuum evaporators heated by high-pressure steam (7)

or Dowthern (8).




45, Production of superphosphoric acid from elemental phosphorus in the TVA
plant has been described (9). A modification of thies plant permits produc-
tion of "mixed superphosphoric acid" from elemental phosphorus and wet-process
acid (10). TVA and one other organization nov produce mixed superphosphoric
acid. Usually 20 to 40% of the Pg0s in this product is derived from wet=-
process acid.

46. Current production of wet-process superphosphoric acid in the United
States is estimated at about 450,000 metric tors of P20g per year. In addi-
tion, superphosphoric acid produced from eloctric-furnace or mixed acid for
fertilizer use is estimated to amount to at least 150,000 tons per year.

47. Thus, the current annual production rate of superphosphoric acid is osti-
mated at about 600,000 metric tons of Pa0s, and additlonal capacity is planned,
Most of this production gees into liquid fertilizers.® In addition, perhaps
as much as 200,000 tons of orthophoephoric scid is ueed in Tiquids through
techniques such as sequestration, direct producticva of polyphosphotes, and
orthophosphate suspensions.

48, The conversion of superphosphoric acid to ammonium polyphosphate solution
18 relatively simple., Figure 6 shows a sketch of the IVA plant. Superphos-
phoric acid, ammonia, and water are meterec continuously to thre reactor. The
concentration of the solution 18 controlled by monitoring the specific gravity,
and the N:Po0g ratio is controlled by holding the pH in the desired range

(5.8 to 6.2 for 11-37-0). The temperature in the reactor is held at atut

2 Substantial amounts of superphosphoric acid that are krown to bz used for
production of animal feed supplement are excluded fro: this estimate., How-
ever, some unknown amount of emmonium polyphosphate solution is used in

animal feed, for control of foreet fires, and other uses.
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75°C by eirculating the solution through the cooler. The sclution drawm off
from the reactor is cooled by water to about 35°C in a heat exchanger and
stored in mild steel tanks. The production rate is about 15 tons of 11370
per hour. The solution in storage is further cooled by refrigeration to about
20°C to minimize hydrolysis of polyphosphate to orthophosphate that would

othervise occur at summer temperatures.

syems SUPERFHOBPHONIC ACID
GASLOUS AMMONIA

WATER b

COOLING WATER

“IQURE &
TVA PLANT FOR PRODUCTION OF 11-37-0 AND 12-44-0 LIQUID FERTILIZER

Distribution Patterns

49, Some rompanies sell superphosphoric acid as such, and some convert it to
base solution, usually 10-34-0, for sale to liquid mixed fertilizer manuface
turers. In either case, nearly all superphosphoric acid is c.nverted to dase
solution soon after it is made, either by the manufacturer or by the pure
chaser. Very little superphosphoric acid is stored. Superphosphoric acid is
shipped by rail in insulated, stainless steel-lined tank cars. The t."e 80-
lutions 10-34-0, 11-37-0, etc., may be shipped by rail or barge and stored in

plain steel tanks., Recently one company has transpcrted 10-34-0 and UAN
solution by pipeline.




50. According to a recent estimate, at least 75 plants produce base solue
tions; most of them use purchased superphosplioric acid. Many of them sell at
least part of their production to samall cold mix plants.

Quality of Superphosphoric Acid
51. The industry reccgnizes three types of phosphoric acid; dlack, green, and

white. Black acid 1is produced from uncalcin-A phosphate rock (usually Florida
rock). The black coloration is caused by carbonaceous matter. Oreem acid is
made from calcined rock and usually is transparent. Ir some canes the carbo-
naceous matter in black acid is oxidized by treatment with aitrates or nitric
acid or other oxidizing agents. Such acid may be yellow, amber, green, or
other czlors, depending on the treatment. Electric-furnace ecid is gererally
referred to as "white acid.” GCreen or white acid is preferred to bdlack acid
and usually sells at a premium of about $5 per tom of PaCg. The color classi-

fication applies to both orthophosphoric and superphosphoric acids and base
solutions made from them. Some phosphate rocks yield groen acid viitlout cale
cination or other treatment, but all phosphate roclis commonliy used in the
United States require treatment if a transparent acid is desired,

52. Raturally the color of a ciear wet-process acid depends ou its impuri-
ties. It 1is possible that some phosphate rocks may yleld prciucts of scoe
color other than green. The green color in most commercial acids is
attributed to its iron and chromium content.

53. The impurity content of wet-process acid naturally depends os the phos=

phate rock from which it vas made and the extent of sludge removal. FPhos-
phoric acid intended for superphosphoric acid 1'| first concentrated to about

54% PO, and insoluble impurities are partially removed by settling or cene-

trifuging. The sludge is utilized in production of triple si.rerphosphate or
other solid fertilizers, and the clarified acid is further concenrated to

superphosphoric acid. Most of the fluorine (and silicon) !t eliinated during




the concentration step as SiF,. 8ince magnesium is a particularly troublesome

impurity, some companies have developed methods for partial removal of
magnesium, The details of the methods are not common knowledge.

54. The following tabulation gives analyses of superphosphoric acid prepared
from various phosphate rocks.

Western North

Type of rock Florila U. 8, Carolina Morocco Togo Taibde

Calcination No Yes Yes No No No

Composition, % by weight
Total PgOg 7209 7205 7l02 720h 7500 7201
Ortho Py0m 31.8 34,0 37.6 253.1  35.3 27.1
Feo04 2.2 1.2 1L 0.6 1.9 2.4
Alg0s 1.8 3.0 1.3 ok 0.9 0.5
¥ 0.3 0.3 0.4 0.1 0.1 -
SO; 2‘0 2.1 Boh’ 207 1.7 ).5
Mgo 0.3 0.8 0.6 1.1 0.1 0,1

Color Black Green Green Oreen Dark Dark

Polyphosphate content,

% of total Pglg 56 53 47 65 52 62.%

Pricing of Phosphoric Acids and Base Solutions

55. List prices of wet-process phosphoric acid in the spring of 1971, deldiv.
ered in the midwestern area of the United States, were about $166 per metric

ton of Pa0s for orthophosphoric acid and $177 for superphosphoric acid., These
prices irclude freight charges which may amount to as much as $38 per metric
ton of Pz0s.

56, The midwestern area 18 youghly 1600 kilometers from the nearest phosphate
minirg area. For such distances there is an appreciable saving in freight
vhich partially offsets the higher cost of superphosphoric acid, In areas
nearer the phosphate mines, & greater cost differential between orthophos-
phoric and superphosphoric acid may be expected. For instance, the freight on
fertilizer-grade phosphoric acid (either 54 or 70% P20s) from Lee Creek, North
Carolira, to Des Moines, Iowa, is about $20.70 per metric ton of material if
ehipped in 50-ton carloads or $18.30 in 100-ton carloads., There are various
discounts for quantity, season, etc. Contract prices for orthophosphoric acid
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in large quantities f.o.b. Florida in swmer or autum have been as low as $68
per nmetric ton of Px0s.

57. The list price for 10-34-0 base solution in the spring season of 1971 in
the Midvest was $78.30 per metric ton, which is equivalent to $178 per tom of
N + Fo0s. For comparison, the price of granular diaumonium phosphate
(18-46-0) was $68 per ton, equivalent to $138 per ton of N + PgOs. Thus, the
1iquid material was about 29% more expensive than the solid.

Sequestration

50. The term "sequestration” is generally used to denote the ability of poly-
phosphates to hold in solution various metallic compounds that are insoluble
in ammonium orthophosphate solutions. The principal impurities in phosphoric
acid vhich are sequestered are iron, aluminum, and magnesiun compounds. Vare
ious added mlcronutrient compounds also may be sequestered, including zinc and
copper.,

59. Superphosphoric acids often contain more than encugh polyphosphate to
sequester their own impurities, so liquid mixed fertilizer producers often use
a combination of orthophosphoric acid with superphosphoric acid or nore often
ammonium polyphosphate solution. Base solution made from electric-furnace
superphosphoric acid such as TVA's 11-37-0 is particularly useful for this
purpose because it has very little impurities of its own and because of its
unusually high proportion of polyphosphate.

60. Figure 7 is a sketch of a typical plant that uses the sequestration
technique. The proportion ot sequestrant (ammonium polyphosphate solution)
may vary widely, depending on its polyphosphate content, the impurities in

the orthophosphoric acid, and other factors., Vhem using 1l1-37-0, es 1little
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as 20% of the PgOg from this source may be sufficient for nonpotash gredos,
whereas for potash-containing grales, at least 30% is required. 1TVA's
15-62-0 also has been used successfully for sequestration.

WiGH- POLYPHOSPHATE r
1-37-0
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FIGURE 7
PRODUCTION OF i0-34-0 FROM MERCHANT- GRADE WET-PROCISS PHOSPHUMC ALD
AND W-MVMOPﬂg[ 37

61. Smll plants often use batch mixing; e common procedure is to firet odd
water, UAN solution, and 11-37-0 to the mixing tank; then vet-process scid and

aqua ammonia are added simultaneously, keeping the pH at adbout 6.6 to minimise
hydrolysis. The potash is added last.

62, Complete mixtures usually are made to order, although in some cases a
popular grade may be prepared in advance and stored.

63. "Spent"” phosphoric acid from sluminum-treating processes is availadle at
low cost in some locaticns. The spent acid coptains aluminum covpounds ao its

principal impurity. This acid also may be utilized by the sequestering

technique.
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sirect Process Ammonium Polyphosphate
&4, Production of superphosphoric acid requires a sudbstantial amount of heat,
ard when it is arexniated, much heat 1s liberated. "Direct” processes aim to

utilize the heat of reaction to produce ermonium pclyphosphate wvithout the
intermediate step of supsrphosphoric acid production.
65. The TVA direct process pilot plant is shown in Figure 8,

STE AR M
NONCONDE NSO 88

rigY STAGE REALTON
1PRey L ONOOEN)

TEsn sad MeEmeAILR
SOOI

o

SRARULATON OR
FLUD PEATILIIEN
PRGLUCTION

ARNTOROUS $AMIOVE
[ L]

7880 ac0
(PET. PRGSO 00
YRS

FIQURE §
REACTION SYSTIM OF TVA DIRECT AMMONIUM POLYPHOSPHATE PROCISS

66. Merchant-grade vet-process acid (52 to 5% PaOn) is preheated and fed to
a rimple spray-type scrubdber for recovery of u-snis evolved in the process.
Partially neutralized acid from the scrubdber is fed to cne branch of a simple
pipe tee reactor where ammoniation i{s completed by heated gaseous axmonia fed
to the other bdranch of the tes. The rapid and vigorous reaction in the tee
results in & temperature of about 230° to 240°C that drives off the resmining
vater to form polyphosphate melt. The melt, vhich is very foamy when using

uncalcined Florida rock, passes to a rotary disengager vhere steam and excess

azmonia are stripped out. Ammonia is recovered in the scrubder, anml iLe

vater vapor is evoived. The fluid melt of abdout 12-58-0 grade has &
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polyphosphate content of 35 to 50%. It can be readily converted to ammonium
polyphosphate liquids and suspensions (10-34-0 and 11-37-0 grades) with about
half of the phosphate as polyphosphate. Alternatively, the melt may be con..
verted to a granular solid, although granulation 45 difficult at polyphosplute
levels above 35%.

67. The production of clear liquids by the direct process ic difficult whun
using phosphoric aclds commonly available in the United States because of ine
purities that form precipitates. The most difficult problem is with magnesium
compounds. The direct process has been used successfully to make clear
ammonium polyphosphate liquids in France, using acid of lower impurity content,
68 The polyphosphate level of the products can be increased ebove 50% by
using more concentrated incoming acid or by supplying more external heat.

69. In a modification of the direct procees, superphosphoric scid of relo-
tively low polyphosphate content may be converted to ammonium polyphosphate
solution of high polyphosphete content. For this purpose, only the tee resce
tor is required; any excess ammonia and water vapor are absorbed in the ammo-
nium polyphosphate solution. By this method, solutions with an 80 to 90%
polyphosphate level were produced from acids containing as: little es 10% of
their Px0s in the form of polyphosphate, |

TO., Figure 9 is a simplified diagram of the process as carried out in a T™VA
pilot plant. No preheat of acid or ammonia is necessary except that it may
be desirable to preheat the acid to about 6$5°C to lower its viecosity suffi-
clently for pumping. The reaction between the superphosphoric acid and am-
monia occurs in the tee and pipeline wherce the two materials mix; temperatures
in this pipe range from 340° to 390°C. The reaction products~--high-polyphos-

phate melt, steam, and excess ammonia--are quenched in the cooled solution




vhere the melt is dissolved and the stesm and excass amuonia are absorbed.
Avantages of this system are listed below.

a. Superphosphoric acid of low polyphosphate content may be used vhich
is easier to manufacture. Transportation and handling are easier

because of lower viscosity.
b. The system is very simple and inexpensive.

c. The product containing 80% or more polyphosphate 1s more concentrated
and has improved sequestration properties, ospecially for preventing
precipitation of magnesium compounds.
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of {um Polypho te Solutions

71. Ammonium polyphosphate solutions hydrolyze at rates that are strongly
dependent on temperature and pH. The following tabulation showa the effect

of temperature on rate of hydrolysis of TVA 11-37-0 soluticn (p3 6.0)

initially containing 69% of its P20y as polyphosphate.
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Monthly decrease

Temperature, in polyphosphate content,
°C % of polvphosphate initially presepnt
% 2.ﬁ
9.
43 18.8
L9 30.4

72, Thus, in warm climates, refrigerated storage may be neceilaa.ry to prevent
excessive loss of polyphosphate content and consequent precipitation of crys-
tals or impurities. As mentioned previously, TVA uses refrigeration to keep
11-37-0 solution in storage tanks at about 20°C during the summer. At this
temperature the rate of hydrolysis is inconsequential.

73. The rate of hydrolysis of ammonium polyphosphate in the soil 1s, in

general, much more rapid and depends strongly on microbiological activity.

Purification of Phosphoric Acid or Solutions

T4. The difficulty with impurities in wete-process acid hae led to considers=
tion of various schemes for purification. Calcination of the phosphate rock
improves the appearance of the acid, and facilitates separation of the sludge.
The cost of calcination of Florida rock is about $5 per ton of P20, but there
are compensating advanteges (elimination of antifoam chemicals and increased
filtration rates). Increased use of calcination is expected. Solvent ex-
traction methodsare available that vill remove a major part of the inorganic
impurities. Also, it 1s possible to ammoniate wet-process acid and separate
the so0lid impurities by filtration or settling., One company in Canada mare
kets an 8-24-0 ammonium orthophosphate solution that is produced in this way.
Similarly, a fully soluble crystalline diammonium phosphate can be made by
processes that involve removing solid impurities after or during ammoniation.
One such process was developed by TVA on a pilot-plant scale (Q._ ). Conmer-

cial use of soluble diarmonium phosphate in liquid fertilizers has been




reported in Europe. Studies of uses of pure diammonium phosphete in liquid

fertilizer formulations have been reported by TVA (12).

75. One drawback of most of these purification processes is the utilization
of the impurities which contain a substantial percentage of the PgOg in the

original acid. The impurities may be incorporated in solid fertilizers, dut
the quality of the solid products may be adversely affected. One company in
Mexico 18 constructing facilities to purify a portion of its acid for liquid
fertilizer use. The technical and financial success of this venture may

determine whether other producers follow suit.

Solubility Problems

76. High-analysis nonpotash liquid fertilizers are readily prepared from
ammonium polyphosphate and UAN solutions (e.g., 22-11-0, 19-19-0, and
15-30=0). However, grades containing potassium chloride are relatively low
in analysis, particularly when the supplemental nitrogen is supplied as UAN
solution. Potascium nitrate which has a low solubility at 0°C is formed by
reaction of ammonium nitrate with potassium chloride. Use of urea instead
of UAN solution improves the solubility somewhat; for instance, a 7=7-7 i3
the highest grade soluble at 0°C when UAN solution is used, vhereas 9-5-9 is
satisfactory when made with urea.

77. To circumvent the solubility problem, scme companies encourage farmers
to apply potash separately, in solid form. For instance, the potash may de
applied by broadcasting in the autumn and the nitrogen and phosphate applied
in the spring in liquid form. Some success in farmer acceptance of this
program is reported in some areas.

78. Very high analysis potash-containing liquids are possible vhen the
potash is present as potassium polyphosphate. One company markets a 0-26-27
solution made by reaction of potassium hydroxide with superphosphoric acid.
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However, potassium hydroxide is too expensive for most fertilizer uses,
Less expensive methods of producing soluble potassium phosphates for use in

liquid fertilizers are under study.

Suspension Fertilizers

79. Another method of avoiding the problem of lov sclublility of potashe
containing liquids is production of suspensions. Suspensions are liquids that
contain fine solids suspended in a saturated solution. The sclids are kept

in suspension by addition of 1 to 3% of s gelling-type clay.

80. A further advantage of suspenainns {s that materiale not soludle in
liquid fertilizers may be added, such as magnesium and manganese compounds. .
8l. Handling and spplication of suspensions, in the present state of devele
opment, are not ac simple, convenient, and trouble-free as for clear liquids,
rom the farmer's vievpoint, the main advantage of liquids is convenience,

and this edvantage is lost in going to suspensicans. It is likely, therefore,
that liquid feriilizers applied by the average farmer vwill continue to be
mainly clear liquids in the immediate future, although suspensions are already
being used by some farmers (13). Farmer-applied liquid fertilizers are mainly
starter fertilizers vhich need not contain much potash and can be foirly high
in analysis.

82. It 1s estimmted that about 15% of the iquid mixed fertilizer used in

the United States 1is in the form of suspensions.

83. On the other hand, much of the basic fertilizer application is custom-
applied by broedcasting before plowing, often in the form of bilk blends., 1If
the fertilizer is custom-applied, the fermer 1s not coucerned with tne ecase of
application. Custom application of suspensions offers the iiquid fart{lizer

industry a means for competing with bulk blends. The market for broadcast
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fertilizer for plow down is substantially larger than for starter fertilizer,
so any success in this field will greatly increase the seles potential of

liquids. Some success is already apparent.

Agronomic Considerations

64, No egronomic difference between liquids and solids would be expected vhen
the two forms contain the same chemical compounds and when the time of appli-
cation and placement is the same. The only difference would be the small
amount of vater required to dissolve the salts,

85. Lathwell et al. (l4) compared several liquid fertilizers with watere
soluble solids as sources of phosphorus for field crops and concluded that
"under a wide range of conditions, liquid fertilizers are as satisfactory as
equivalent solid fertilizers." However, the formulations usually are differ-
ent. For instance, most nitrogen sclutions contain both ammonium nitrate and
urea, a combination that must be avoided in solids because of its extieme
hygroscopicity. Also, liquids often contain polyphosphates, whereas solids
seldom do. Most liquids are fully water soluble, whereas solids often contain
insocluble materials. Placements often differ; for instance, injection of lige
uids, particularly nitrogen soluiions, into irrigation water for spray-type
irrigation systems is common, waereas this practice is quite uncommon with
solids.

86. All of the factors menticned above complicate a practicel comparison of
the agronomic evaluation of liquids and solids. It seéms evident that liquids
may be better for some uses and poorer for others. In general, most farmers
buy liguids because of the convenience and labor-saving factors previously

mentioned rather than any real or imagined agronomic superiority.
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87. The principal area of ditagreenent is the value of the polyphoasphate
content of liquids. It may be noted that polyphosphates could te applied in
solid form, but at present they seldom are. It Iy be fwrther noted that
"polyphosphate" is a general term which nmay include anything from Pyrophos=-

phate to long-chain polyphosphates. Hovever, in the present liquid fertilizer

practice, pyrophosphate is the predominent polyphosphate specics, and triem-
monium pyrophosphate, (N‘H4)31ﬁ’307, pProdably is the most common compound. Most
liquid fertilizers also contain a substantisl proportion of orthophoephate.
88. Terman and Engelstad (13) swmarizing studies in the United States con-
cluded that ammonium polyphosphate usually was equal or slightly superior to
monoammonium phosphate. Both were usually superior to concentrated superphose
phate for early growth response. Fourcassie and Gadet (16) conciuded from
experiments in France that ammonium Polyphcophate supplied s liguid fertil-
izer was consistently superior to other phosvhorus sources as the result of
better phosphorus utilization. Most of these tests were made on calcareous
50ll. TFleld tests at six locations in Japan indicated that response to solid
ammonium polyphosphate was generelly greater than to ammonium orthophosphate,
although early growth was sometimes slightly delayed. There vas BCMe SUGLOS-
tion that better utilization of native or applied nmicronutrients 1y have been
& factor in the favorable results wvith polyphosphates.

89. Oourny and Conesa (17) reported that liquid fertilizer conteaining 34 to
82% of 1its phosphate as nonorthophosphate wvas slightly inferior to amonium
orthophosphate on acid soil, but mrkedly superior on calcareous soil.

90. Conesa (18) demonstrated that Plants can take up pPolyphosphate without

previous hydrolysis.
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1. Singh and Dartigues (19) reported that polyphosphate vas superior to
ammonium orthophosphate on two zinc-deficient calcareous soils.

92. Soubiee and Baratier (20) emphasize the advantage of dand placement of
ammonium polyphosphate sclution near the seed as corpared with broadcast solid
orthophosphate. They claimed that the banc placement used with liquids vas
not possible with solids,

93. Mortvedt and Giordan> (21) reported that liquid polyphosphate fertiliszers
vere erfective carriers of iron sulfate in greenhouse tests for crops growa on
iron-deficient soils, vhereas application of irom sulfate alone or in several
granular fertilizers was ineffective.

94, The agronomic value of ammonium polyphosphate may be connected with its
retc of hydrolysis in the soil, which is much more rapid than in concentrated
solutions. The rate of hydrolysis is affected by many variadles, but micro-
biological activity and temperature seem to De tie most importan At low
soil temperatures, hydrolysis may be delayed enough to affect phosphate
avallability adversely. However, most liquid fertilizer contains enough
orthophosphate to minimize this effect.

95. There is a need for further research to define the comditions under vhieh
polyphosphates are agronomically superior and the cause of this effect.

Use o 4 lize yries

96. liquid mixed fertilizers and nitrogen solutions are becoming increasingly
popular in the United Kinglom; it was reported that consumption of liquid fere
tiltizers (excluding byproduct ammoniscel liquor) more than doubled in b years,
from about 95,000 metric toms of plant food content in 1966 to nearly

200,000 tons in 1970 (22). 1In 1970, liquid fertilizers supplied 3.2% of the

total plant food consumption.

-'«
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97. About 15 companies produce liquid fertilizers in the United Kingdom,
Only one of them is known to produce armmonium polyphosphate solution. Tne
remainler probtably use soluble diammonium phosphate as the Phosphorus source,
Palgrave (1) noted that in contrast to U. S. practice, liquid mixed fertilizapr
plants in the United Kingdom had capacities up to 1000 tons per day. lagoon
storage of liquids is a common practice (23).

98. Although no official statistics are available for othes countries, 1t ig
known that 1liquid fertilizers are growing in popularity in Belgium and France.
One company 1in Belgium produces superphosphoric acid in a plant of 100 tons of
P20g per day capacity, and converts it to axrmonium polyphosphate solution,
Nitrogen solutions also are available. Clear liquid N-P fertilizers are for-
mulated from these two materials, and a range of N-P-K suspensions ig also
available., These materials are marketed through local distribution centerg
which offer prescription mixing.

99. It is estimated that about 415,000 metric tons of liquid fertilizers
wers consumed in France in 1970, The principal liquid materials weyre amnonium
polyphosphate solutions made from superphosphoric acid and nitrogen solution
made from urea and ammonium nitrate., Some mixtures also are produced. Use of
1iquid fertilizer may be approximately 10% of all fertilizers in France.

100, An interesting feature of the liguid fertilizer industry in France and
Belgiun is the expression of the piant food content by volume. Thus, a
15-50-0 solution contains 15 kg of N and %0 kg of Po0s per 100 liters of solu.
tion. This system probably is convenient for farmers, as it is easiex for
then to neasure volume than weight.

101. Another unusual feature in France and the United Kirgdom 1s the popue

larity of on=the=farn Storage of liquid fertilizers » ¥hich enables the farmer
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to take advantage of seasonal discounts and to be assured that the supply is
on hand when needed, Some large farms may have several storage tanks d4s-
persed in different fields. The tanks are mcvable » 80 they cau be located at
the points of planned use each Year,

Outlook

102, While the amount of 1iquid mixed fertilizer is still & rather small per-
centage of the total in most countries, it is growing rapidly and may become a
major form of compound fertilizers in the future » particularly in countrier
vhere labor is scarce and labor costs are high. Technological irprovements
are expected to lower the cost of liquid materials, especially the phosphatic
materials., Decreasing the relative coct of iiquids should accelerate the
demand .

103, The possibility of using liquid fertilizers in developing ccuntries

has often been brushed off as "too sophnisticated.’ In the author's opinion,
this conclusion should be seriously reexamined. The fact that "night scil”
has been collected, distributed » Qnd applied to field crops for many years

in some developing countries indicates that distribution and application of
liquids can Ye done with the most primitive equipment. Manuficturing facil-
ities for liquids generally are simpler and less expensive than for granular
solids. Liquids lend themselves well to production of homogeneous mixtures
in local distribution centers to meet local needs--a segment of the fertilizer
production snd marketing system that has been sadly neglected Sn many devel-
oping countries, Many developing countries are located in very bhumid, trop-
ical areas where even relatively nonhygroscopic solids give troudble,

Hygroscopicity 18 never a problem with liquids. It may be sigrificant that
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liquids are perticularly pcpular in some of the subtropical parts of the
United States--Hawaii, southern Texas, and southern California.

104, Liquid nitrogen materials such as UAN soluticns are substantially lese
expensive than solid nitrogen, especially 1f the solid is bagged. Liquid
phosphate materials are more expensive than bulk solid phosphates, dut not
necessarily more expensive than bagged 30114 phosphates. As mentioned oer-
1ier, nev technical developments nov coming into use should lower the cost of
phosphatic materials.

105. Shipment by rail or road tankers should provide less opportunity for
Pilferage. If tankers ar2 not availadble, perhaps smaller tanks that can de
losded on trucks or open rail cars could de used.

106, If fertilizers are imported, liquids can be readily shipped in ®ulk in
mild steel tankers such as those used for ofl transport. Repid loeding and
unloading by pumps and piping would be an advantage.

107. Obvicusly there would be many prodlems in dist.iduting, handling,
storing, and marketing of 1iquid fertilizers in developing countries, just as
there are many protlems vith solid fertilizers. Hovever, there are so maay
potential advantages that careful thought should be given to the liquid route.
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