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RECENT DLVELOPMENTS IN PHOSPHATE FERTILIZER TECHNOLOGY

oo J. J. Mortvedt ,
National Fertilizer Development Center
-Tennessee Valley Authority
Muscle Shoals, Alabama, USA

Advnnccslin phosphate fertilizer technology have resulted
in the deQelopment of several new products in recent years. While these
pfoducts have higher fertilizer grades or superior handling character-
istics, they genérally have not seen superior to the superphosphates
‘with rggard to crop responsc per unit of applied P.
ﬁée of ammonium phosphates, both monoammonium phosphate and
diamnoniﬁm phosphate, as well as ammoniated supcrphosﬁhatea has increased
rapidlyqsince 1950. Commercial production of ammonium pol&phosphatcs is
pcrhaps.the most important technological development of the past decade.
'This has resulted in large-Bcale use of fluid fertilizers {n the United
States. In 1972 about 17% of the mixed fertilizers was applied as solu-
tions or suspensions. Othcr new products arc essentially granulated
mixtures of several existing fertilizer compounds. These are urea-
anﬁonium phosphate, ammonium phosphatc sulfate, and ammonium phosphate
ﬁitrate. A decrease in usc of normal and concentrated superphosphates
has acéompanied the increase in use of ammonium phosphates in many
couﬁtrics. Some of the most conmon comrmercial phosphate fertilizers are

listed in Table 1



New Ph;;phate Fertilizers

Annonium polyphoaphnte i8 the only really new fertilizer which
is being prodiced on a commercial scale. :The tcrm polyphosphate is used
to denote materials containing phoséhates which are more condeused than
orthophosphates. Condensntion occurs when water is driven off and two
:nlccules of orthophosphate combine to form pyrophoaphate (Pig. 1). Lorger
chain polyphosphatcs are formed by further conden-ation. Polyphosphate
fettilizers are produced from superphosphoric acid which was developed
at TVA. Much of the research and development work on the polyphosphates
has been done in the TVA laboratories and pilnt plants. Recent devclopuent
'of the pipe reactor process has resulted in increased polyphosphate
contents of fluid fertilizers as well as cheaper {nvestment costs.,

Ammonium polyphosphate fertili.eirs contaia 40 to 80X of
tueir P as polyphosphates, depending on the polyphosphute content
of the superphosphoric acid base solution; the remainder is orthophosphate
(55. The principal polyphosghntc fertilizer is 10-34-0, a solution, but
suspension fertilizers of higher grades are also produced. TVA has produced
a granula} ammonium polyphosphate, 15-62-0, which is mainly used for manufacture
of fluid fertilizers. The higher analyses result in lower shipping costs
as conpared with fluid fctéilizcrs. Potassium polyphosphaLes with grades
as high as 0-50~40 are now being made commcrcinlly in the u.s. (1).

Results of mnny greenhouse and field expcriments have shown
little or no consistent agronomic advantage of polyphosphate forgilizcrg
over ammonium orthophosphatcs when rates and placement are similar; A

summary of results from six 1VA greenhousc experiments is shown in Table 2.



In five experiments the polyphosphates were superior to orthophosphates,
vhile the reverse was found in the sixth experiment. . The reasons for
these small differences in agronomic cf{fectiveness are not known.

Polyphosphates hydrolyze to orthophosphates in soils, the_rpte
of hydrolysis being higher in soils with high biological activity. Results
of laboratory experiments have shown that as much as half of the polyphos-
phate applied to soils hydrolyzed within two weeks. Hydrolysis is the
reversc reaction of the equation shown in Fig. 1. Because about half
of the P in polyphosphate fertilizers is irttially in the orthophosphate
form and becausc of the rather rapid hydrolysis of polyphosphates in soils,
it is not surprisang that availabality of P to plants is similar with
both ortho- and polyphosphate fertilizers.

Polyphosphates have the ability to -meaintain much higher concentra-
tions of Zn, Fe, Mn, and other metallic ions in solution (sequestration)
than do orthophosphates. TPe higher solubility of Zn and Fe makes polyphos-
phates more effective carriers of these wicronutrients. Claims have:
been made that polyphosphates may also sequester micronutrients in the
soil, thereby making them more available to plants. However, rescarch

,deta show that the level of micronutiients in the soil solution is not
affected for more than one day after polyphosphate applications. Therefore
this sequestering action 1s not of much practical importance in soils.

Granular urea-superphosphate mixtures can be produced in conven-
tional granulation plants to yicld products which have satisfactory storage
and handling characteristics (2). Urca rcacts uith superphosphate to
foim a urea-monocalcium phosphate adduct which ig detrimental to the

physical condition of the fortilizer. Formation of Lhis adduct can be,



avoided by limiting tte formulation to less than 25% urca, adding diammonium
phosphate to neutralize the free acidity in the superphosphate, adding
amponium sulfate, and controlling heat and moisture inputs in the process.
Hydrolyeis of urea from excessive hecat results in a decrease in water
solubility of the P. Typical fettilizcr’gthdes which can be formulated

in this process are 15-15-15 and 10-20-10 (6).

Agronomic effectiveness of N or P in the above mixtures is
equivalent to that of each component applicd alone. Under some conditions
crop response to P in the mixture may be lower if the level of water- °
'soluble P has been appreciably decreased in the manufacturing process.

Rock phosphate has been used to supply P for crops for 150 years.'
Plant availabil{ty of P varies with the deposit and fineness of grinding
of the rocks As well as soil piropertics and the crop species. Some rock
phosphates are quitc effective on acid soils. Citrate solubility of P in
rock phosphates is closcly Fclated to the degree of substitution of carbonates
and other ions in the apatite structurc (4). Plant availability of P in rock
phosphates is also correlated with citrate solubility (8). "Dry matter
production and P uptake by rice increased with increasing citrate solu-
bility of P in phosphate rocks obtained from various iocations (Table 3).
Thus, the geographic origin and chemical characteristics of roch phosphate
are very important in determining its agronomic value.

" Rock phosphates acidulated with less than the stoichiometric
amount of acid in the manufacturing process have been suggested for use
in some arcas. If effective for crops, this would result in lower produc-
tion costa. Research results have shown that these granular products

are not as cffective as fully acidulated superphdsphnte, cxccpt.on vcrj



acid’soils (7)., Under these conditions the unacidulated products would
al§oabexeffectiyqf, ngrefpre, pa;tia%}y acidulated‘rpck;pyosphptgs*have
not proved to be cqmpet;tive with othev p;oductsf
. Urea-phosphate rock mixtures are being considered as a cela-

tively ghgpp product whach can be applied to acid soils in granular, form
(6). Urea is the granulating medium for finely ground phosphate rock.
Dissolution of urea allows disintegration of the granules to exposeimofe
‘surface area of the'phbsphate rock after soil application. Agronomic
\effe;tivenesé of P in this product depends on the distribution in the
soil as well as reactivity of the phosphate rock. Obviously this product
may not be as effective as finely ground phosphate rock mixed alone vwith
soil. Yet, the superior storage and handling characteristics of the
granular product may make granular urea-phésphaLe rock a satisfactory
fertilizer for use in the tropics, especially for rice. Application of

a granular product is much more convenient than finely ground phosphate
rock.
' ’Ultra;high-analysis compounds are being studied as potential '
‘fertilizers by TVA. The highest fertilizer grade of diammonium phosphate
is-now 18-46-0, fhe'limiting grade for ammonium phosphate fé(14-73-0,
‘which would be proddced by condensation of 1inearspoiyphosphates or ﬂy con-
version’ to cyclic metaphosphates. Beyond this lamit, radically‘diffkrgnt
types of compounds such as those with covalent P-N-P bonds with litkle or
n6' oxygen would be required. The N in these compounds would be present

‘as amides and amides rather than the ammonium form. Many of these cémp;unds
have been tested under greenhouse conditions (10). The most promising

compounds are phosphonitrilic hexaamide mouohydxhte,§PsNg(NHz)}-H;O; vhich

»



has‘a grade of 50-85-0 and phosphoryl triamide (44-75-0). It should

be cmphasized that these compounds are only in the developmental atag;}
Large-scale manufacturing processes of Ehesc'compoﬁnda have not been
developed so economics of their use cannot be estimated. Because of their

‘higher analyses, they offer promise as fertilizers for the future,

Water Solubility in Phosphagg'Fcrtilizers

A maximum of about 25-30% of the P applied to soils is recovered
by the first crop, even under ideal conditions. The remainder is "fixed"
in forms in the soil which are slowly available to succeeding crops.

The réiationship between crop response and the level of water-
soluble P in fertilizers depends on several factors. Water-soluble phosphates
react rapidly with soil constituents to form less-soluble compounds. Alumi-
num and iron phosphates form in acid soils, while calcium phosphates usually
form in neutral to calcarecous soils.

Reactions of fertilizers in soils have been studied extcnsively
by TVA and others (3). ‘Many reaction products have been identified and
several propeitics of these products have becn determined. The level of
water-soluble P in these compounds varies somewhat, although it 1s gen-
crally quite low. Crop response to two water-soluble phosphate fertilizers
applied to the same soil may not be the same, depending on ehe nature
of their reaction products.

Water-soluble phospﬁntca diffusec much farther in soil than water-
insoluble phosphates; therefore, a greater volume of goil ie affected by
wvater-soluble phosphates. This increases the probability of plant root
intcrception of so1l affccted by fertilizer phosphate. Eprly crop response

is usually greater from water-soluble phosphates when rool distribution is



l%gited.»HTh;s is very important with short-season crops, such as vege-
g§§%e§, ghgn they are planted on phosphorqs-defic;ent soils. L

. ., , Phosphates of low water solubility dissolve faster when more.
surface area comes into contact with the soil. Broadcast applications
of these materials are usually more effective than.banding.. Finely ground
,materials low in vater-soluble P are more effective than granular products
fog the same reason. In contrast, band application of water-soluble
phosphate fertilizers decreases the surface area and reduces the amount
of fixation in acid soil.

_ . Because of the wide variation in sofls and crop species planted

igVCplombia, crop response to various phosphate fertilizers can be greatly
affected by their level of water-soluble P. Placement of these fertilizers

also may greatly change their relative effectiveness under varying soil

conditions and for various crops.

Evaluation of Fertilizers °

; A discussion of new fertilizers should also include methods for
evaluation of such products. Because soil-fertilizer reactions are so
variﬁd, new fertili?ers should be compared with those presently used
before recommendations are made.

Fertilazer evaluations are either for research or demonstration
purposes. Replicated treatments in a proper experimental design are required
gy;pbtpin research data. Two requirements needed to obtain research ,
ggfa on phosphate fertilizers are (a) more than one nonzero P rate should

be applied and (b) all nutrients other than P must be applied to the,

soil in nonlimiting amounts. Principles and methods of fertilizer evaluation



are' well described in'a TVA bullecin'by Terman and Ehgelstéaﬂ(Q). Crop
yields and nutrient uptake ‘are criteria ‘generally uséd to evaluate 'fertilizers.

Agronomic effectiveness‘ of phosphate fertilizers was ‘recently reviewed

'

by Tetman (7).
Demonstrations are used to introduce new ‘fertilizets to farmers
or' to the fertilizer industry. Treatments;maf not be replicéteé”in demonstra-
tions. The mew fertilizers should ﬁé'éompared with commonly used fertilizers
at the same P rate (or rates) and with the same type of plécémedt. If
new application methods are being demonstrated, the old methods should
be included for a direct comparison. Fertilizer 'demonstrations which are
not carefully conducted are of little or no value. They may even be detri-

mental in introdhcing‘a new product or practice.

Summary

While several new phosphate fertilizers have been developed in
recent years, none of these:products is clearly superior to the super-
" phosphates in terms of agronomic response. Their main advantages lie
in’better handling characteristics, higher analyées, more convéniénée,
and more choices of products. Some of these newer products have not been
evaluated under tropical conditions and comparisons with the superphospﬁates
‘ should be made.
Efforts to improve physical properties of fertilizers have
resulted in granular products which are free flowing and easier to'appl&.
“The bulk shipment of solid fertilizers and subseéuént blehding to obtain

R " “X !?’ Y
desired mixed grades is increasing. 'Fluid fertilizers arelalso well



adapted to handling and field application by, mechanized,’ labor-saving.
wqg@ods.

Development of high-analysis fertilizers has resulted in
decreaseq)grapsportation costs per unit of plant food. , These high-
analysis materials have a very low sulfur content and in some instances
additional sulfur may be required for optimum crop production. Granular
mixtures of urea and certain P sources result in higher N-P grades.
Effectiveness of N and P in urea-ammonium ortho- or polyphosphate mixtures
is similar to that when the components are applied separately. Mixtures
containing urea and superphosphates usually have undesirable physical

rpropertles unless formulations are carefully controlled.

Production of polyphosphate fertilizers based on superphos~
phoric acid is probably the most important development in phosphate
fertilizer technology in recent years. Fluid ammonium polyphosphate
fertilizers, both solutions and suspensions, are now used in many
areas., These products are ;uite versatile and many mixed grades can be
produced. Micronutrients and various herbicides or pesticides may be
mixed with fluid fertilizers and applied to soil,

Rock phosphates, varying widely in citrate solubility and geographic
origin, have been tested as P sources in acid soils in a number of tropical
countries. Results show that effectiveness of P in rock phosphates for
plants was directly related to their citrate solubility, which is in turn
closely correlated with the chemical nature of their apatitic mineial
structure. However, the most effective rock phosphates were not quite equal
to supexphosphate in terms of yield response,

Ultra~high~analysis fertilizers containing up to 55% N and 40%Z P '

(92% P,04) are under laboratory and greenhousc investigation. Covalent
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P-N tbonds"and P-N-P linkages in certain’conpounds’ result in nuliient '
contents more than twice those now in commercial use. Several of '‘these
compounds® have’ been' shown to be effective sources of N and P. However,

econoniic’ production of these products has not yet been developed.
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Table 1. Compounds present in P, NP, and PK commercial and experimental fertilizers. (9).

(continued on next page)

-

Repre- Hatér -
sentative solubility H;jor~
grades ‘of P, comébunas
Fertilizer mategial i N-P,05-K,0 (2) preseng
P Sources
Phosphoric acid;'
Wet-process 0-55-0 100 HsPO,
Furnace grade 0-55-0 100 HsPO.
Super aci{ 0-79;0 .100 H,3PO,, polypho;phéfic acids
Superphesphate: - _
Ordinary (H1SO.) 0-20-0 85 "~ Ca(HaPO4)H,0, CaSb.-ZB,O
Traple (WP H,P0.) . 0-45-0 87 Ca(HzP0~)z'8:6'
High-anal. (super acid) 0-54-0 90 - Cé(33P°a): |
Dicalcium phbsphate:.
HC1 process 0-40-0 4 CaliPO, *2H,0, CaRPO.,
Electric furnace HyPO, 0-48-0 3 CaBPO., CaRPO,*2H,0
Calcium metaphosphate 0-62-0 5 Vitreous Ca polyphosphate,

Ca;2,0,



Table 1 (continued).

Fused tricalcium phosphate
* Rhenania phosphate

Serpentine phosphate glass

Basic slag

Colloidal "clay' phosphate

Florida phosphate ore

NP and PK Sources

Admoniafcd.ofdiﬁﬁrfﬁ
superphosphate

Ammoniated concentrated
superpho#phét;

Ammonium phosphate nitrate

Amronium phoéﬁhaie sulfate

0-28-0

0-33-0"

0-22-0
0-5-0
0-22-0.

0-32-0

4-14-0
5-47-0

9-48-0

30-10-0
25-25-0
28-14-0
11-48-0
13-39-0
16-20-0

16-48-0

35

S
5
100
100
100

> 90y
> 90
> 90
90

(continued on next page)

'-Ca-siliég-bﬁégﬁhafes

Alpha and Beta Cas(PO.):

Ca Mg silico-phosphates
Ca gilico-carnotitc
Apatite, Al phosphates -

Carbonato apatite

NH H,PO,, CaRPO,, reprecipi-
tated apatite, CaS0,°*2R,0
NH H,PO., CaHPO,, (i1H.),HPO,.,

reprecipitated apatite

NB.B:PO.. NB.NO,, (NB.),KPO.

NH,H2PO., (NH,)2SO,

NH,H PO, (NH.),HPO., (NH¢)sSO.



Table 1 (contanued).

rbiémmoniuﬁ phbaphate
Ammonium polyphosphate

Urea amzonium phosphate

.Urea ammonium'polyphosphate

- -

Nitric phosphate

Potassium rolyphosphate

21-53-0
18-46-0
15-60-0

" 34-17-0

29-29-0
25-35-0
36-18-0
30-30-0

22-44-0

-20~-20-0

0-50-40

100
> 95

100

100
100
190
100
100
100

40

(NR,) 1HPO,,

NHLH:PO@ ’ (Nﬂs)sﬂony » 101".881‘

chain polyphpsphates;

CO(M:)Q, (NH,),APO,

CO(NH,),, (NH,) 3HP,0,, NH,H,;PO,

‘CaHPO,, NH.R,PO:, Ca(NO,),,
- * reprecipitated apatite

'K polyphosphates




Table 2. Apparent recovery of phosphorus from granular phosphate

fertilizers by corn grown in greenhouse pots .

Experiment Soil Apparent P recovery, I

" No. pH CSP MAP APP
1 : 6.0 B 21 21 24
2 6.2 ‘ 20 23 © 24
3 6.3 Y 21 24
4 . 6.5 28 29 30
5 7.0 19 25 18
6 8.0 16 20 21

Mean ‘ - 20 23 23

*Slopes from least-squares calculations relating P uptake to nultiple

rates of P applications. CSP = concentrated superphosphate, MAP =

monoammonium phosphate, and APP = ammonium polyphosphate.



Table 3. Reﬁponse of flooded rice to phoéphorus in rock phosphates varying in

citrate solubility (8).

Citrate-golub}g“ Yield of P

P P, Z of dry matter,t uptake,

_ source% total P g/pot ng/pot
csP 100 64 09
N?rth Carolina PR 24 62 51

Cafea PR 21 64 53

Florida PR | 15 50 38
Morocco PR 1n 48 34
Togo PR 9 45 34
Quebec PR 6 ‘38 32
Check - 36 28

*Concentrated superphosphate (CSP) was granular, all phosphate rocks (PR) were

~200 mesh; P application rate was 40 ppm.

tYield of rice grain plus straw.
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Fig. 1. Condensation of orthophosphoric acid to pyrophosphoric acid.





