HUNGARIAN JOURNAL
OF INDUSTRIAL CHEMISTRY
VESZEREM
Vol, 6. pp. 259—274 (1078)

THE SOLUBILITY OF MICRONUTRIENTS
IN AMMONIUM POLYPHOSPHATE SOLUTIONS

8. Gon-Naav*, P, KAnpr+*, Mrs. J. BisAx®* gnd A, Szidnwdik

(* Committee of National Technical Development, Budapest;
*#* Department of Chemical Technology,
Veswprém University of Cherical Engineering, Veszprém;
wak Research Institute for Heavy Chemical Industries, Veszprém)

Received: April 2, 1978.

Experiments were carried out to determine the solubilities of micro-
nutrients {¥Fe(I1l), B, Zn, Cu, Mn, Co, Mo] in 10-~384—0 ammonium
polyphogphate solution. As a result a method was elaborated which,
in the case of polyphosphate solutions containing three of the above
mentioned mieronutrients, enables the caleulation of coneentration
relationships without the knowledge of the composition and stabiliby
coefficients of the formed complex compounds, This method can be
extended to the deseription of fertilizer solutions containing more
than three micronutrients.

1. Introduetion and Literature

Those elements are termed micronutrients which take part in the structure
of a plant’s organism and which are present there in a concentration of less
than 10~2 wt. per cent. These elements, although their amount is more or less
negligible, play an important role in the life of a plant. The most important
micronutrients are: iron, boron, zine, copper, manganese, cobalt and molybde-
num, :

In a modern rural economy which applies industrial monocultural production
methods, the need for micronutrients increases every day. The applied pro-
duction technologies consume steadily growing amounts of NPK fertilizers
and, as a consequence the amount of harvested products of a given region,
constantly increases. The result of experiments, carried out with differez}t
types of fertilizers, show that a further inerease of macronutrients results in
& lower increase of products from a soil properly supplied with nitrogen,
Phosphorous and potassiom, but with the rise in the micronutrient con-
centration of the land, the result is a marked growth of the harvested product.
Therefore in countries with a developed agriculture a demand arises for
supplying the micronutrient deficiency of the soils in addition to and together
with dfertﬂization of different nitrogen, phosphorous and potassium com-
Ppounds,
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Based on the data that has appeared in literature, the supplement of micro-
nutrients can easily be solved with the aid of liquid fertilizers, among these
the polyphosphate solutions have the advantage that they dissolve the in-
organic salts until a degree determined by their original polyphosphate con-
centration [la]—[14] :

In Table 1, the solubility data of micronutrients are presented, related
to NP solution containing 8-24-0 (ortophosgphate solution); 10-84-0 (40 —45 wt.

S
Tuble 1.

The solubility of inorganic salts—micronutrients—in ammonium polyphosphate
solutions

[ta), [3], [4], [7)-{14]

Solubility (%) of
Disssivod salt (Zn, (, Pe, Mu, B, Mo)in
102540 .
© Befds0 solntions T=3T=0

ZuQy ’ 0.03 2.25 3.0
ZnS04-Ho0 0.05 1.50 2.0
ZnCQOg 0.05 2.25 3.0
Cu€) 0.03 0.53 0.7
! Cu04-3 HaO 0.13 1.13 1.5
Fea(804)3.9 H20 0.08 .80 1.0
Mng(Oy <002 0.15 0.2
MnQ < {.02 —_ 0.2+
MnSO4- H0 =0.02 — 0.2+
N{LQNI(J04-2 Ha() 0.5++ .38+ 0.5+
NasBy0:+10 TR0 .90 0.90 | 0.9
Note:

_* precipitate formed after several days
++ highest concentration examined

per cent polyphosphate solution) and 11-37-0 (60—70 wt. per cent poly-
phosphate solution) maeronutrient ratios and having only one micronutrient
compound. The numbers given above indicate the N-P,05-K,0 concentration
of the fertilizer solution, in wt. per cent [1a], [3], [4], [7]—[14].

. The inorganic compounds of zine, manganese, copper and iron are almost
insoluble in ortophosphate solutions (their solubility is less than 0.1 wt.
per cent) due to the formation of metal ammonium ortophosphates.

The relatively higher solubility of metal salts in solutions containing poly-
phosphates can be explained by the sequestering properties of the condensed
phosphates. If a polyphosphate solution is poured progressively into a solution
of multivalent metal jons, at first a precipitate forms which dissolves later
in the presence of excess polyphosphate. All the condensed phosphates form
msoluble salts with multivalent metal ions which transform into a soluble
complex compound in the excess of polyphosphate. This phenomenon
termed sequestering property [15]. The sequestering property of the ammo-
uium polyphosphate solution used for fertilizers is attributed to their dipoly-
phosphate and tripolvphosphate content.
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The concentration of micronutrients dissolved in polyphosphate base
fertilizer solutions is influenced by the solubility relationships of the other
compounds present in the system. In a system which is in equilibrium, the
actual values of the metal ion concentrations arve the results of the stability co-
efficients of complex forming reactions and the solubility relationships of the final
products [1b). :

The structure of most of the complexes formed in polyphosphate solutions
is unknown, only a few of them were examined thoroughly. Neither the nu-
merical values of the stability coefficients nor the solubility products of these
known complexes can be used for the determination of the maximum allow-
able metal concentration of polyphosphate solutions. These data were de-
termined in pure systems, in dilute electrolytes and hence they cannot be
related to the complex mixtures of fertilizer solutions.

In concentrated polyphosphate solutions, the concentration of micro-
nutrient can be higher or lower compared to the previously mentioned data,
due to the unknown equilibrium processes. A further complication arises that
the form and the composition of the solid phases assumed by the solubility
relationships are not always equal due to the crystal dimorphism and iso-
morph substitution, which have significant effects on the solubility. Adding
mixtures of micronutrients to fertilizers, the isomorph substitution oceurs
more frequently in reaction products.

The large number of components made the generally used solubility dia-
grams inapplicable for the determination of solubility data and for the identifica-
tion of solid phases [16]. The liquid polyphosphate solutions are too compli-
cated systems to investigate or represent with simple phase diagrams.

The result of the mentioned difficulties is that the published data on micro-
nutrient solubility in polyphosphate solutions are extremely rare and insuffi-
cient, up to now the eoncentration data of the single micronutrients in poly-
phosphate solutions are available, but the data concerning cobalt are misging.

Hitherto only two brief references were found dealing with multicomponent
systems:

— Formaint stated [11] that the concentration of copper, zine and man-
ganese in a polyphosphate solution can be caleulated with the weighted
average of the single solubility data,

-~ based on MorrvepT's publication the micronutrient concentration limit
of 3 wt. per cent cannot be exceeded and the storage time of liguid
fertilizers containing various nutrients is shorter than those which con-
tain only a single one [1a],

2. The Method Used for the Determination of Micronutrient Solubility

For the solution of the questions outlined above, a method was e}.:ﬁ:zgrf?tr—zd
which can be applied for the determination of the solubility of micronutrient
mixtures in polyphosphate solutions without the kn@%ﬁe&g& of the processes
taking place during the dissolution and of the composition of the compounds
formed. \

In the followine a method is discussed which can be applied in the case
of solutions containing three micronutrients. The principle of the method
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can be extended to polyphosphate solutions containing more than three micro-
nutrients, but in these cases the depiction in four, five or more dimensions is
impossible. This method was elaborated for the determination of micro-
nutrient solubility in ammonium polyphosphate fertilizers. It is conceivable
that similar problems can be successfully if this method is applied.

As the first step, the solubility data of the single micronufrient was determined.
The examined metal salt was poured into 100 g. of well mixed ammonium
polyphosphate solution, at room temperature until an insoluble precipitate
was formed. Then the solution was stirred for 24 hours and the precipitate
was separated from the solution with an ultracentrifuge (5,000 to 6,000 rpm),
and the micronutrient concentration of the clear solution was determined
by an atomabsorption spectrometer. If the py value of the solution decreased
during the dissolution of the salt, ammonia gas was bubbled into the solution.

The metal concentration value of the clear solution being in equilibrium
with the formed precipitate was taken as the solubility of the examined salt.

Knowing the solubility data of the examined micronutrient salts, in the
second step the solubilities of micronutrient pairs were determined. A series
of solutions were prepared which contained 25, 50, 75 and 100 per cent of the
soluble amount of the given salt and into these well mixed solutions was added
the second salt, at room temperature, until the formation of an insoluble
precipitate. Then, if necessary, the py value of the solutions was adjusted
to 5.85. The following procedures were similar as described above.

The metal concentrations of polyphosphate solutions containing two micro-
nutrients were presented with the help of a rectangular co-ordinate system,
iﬁhe solubilities of the single micronufrients were plotted on the axes
in (g metal/100 g ammonium polyphosphate) [APP] units. The concentration
values of the solution containing two micronutrients form a plane limited
by the axes, this means that all points of this figure represent stable fertilizer
sgiuﬁons. The border eurves of the plain figure were approximated by straight
%mes. This neglection could be done becauge the examined concentration range
is very narrow and as a consequence, the curvature is negligible.

The following method was used for the defermination of the concentration
velutionships of polyphosphale solutions containing three micronutrients:

The solubiliby relationships of three micronutrients can be represented
by a figure having three dimensions i.e. by a solid. The construction of this
solid is deseribed below: )

The plane figures determined by micronutrient pairs was placed into a space
co-ordinate system. Here, the solubilities of the single micronutrients ave given
on the @, ¥ and = axes as point values, and the planes formed by the axes
represent the solubilities of micronutrient pairs. This is shown in Fig. 1.

Marking the tips of the solid with letters:

Py {l,l., Q, {?}
Pa (0,5, 0
Py {0,0,¢)
Ps (A, B, 0
Py (C, 0, D)
P (0, E, P
tjii%‘i is tn be poted that the origin, formed by the axes is meaningless!) .

The re-ordinates of the points being in brackets, represent the solubilities

of the individual metals or micronutrient pairs: P,, P; and P, give information

-
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Fig. 1

The Solubility of Micronutrient Triad in General Case
2, b, 6 =the maximum metal concentration (g metal/100 g APP) of the system containing
: single micronutrient
A, B, C, D, B, F=the maximum metal concentration (g metal/100 g APP) of the system
containing micronutrient pairs
%, fi, y =the maximum metal concentration {g metal/100 g APP) of the system containing
micronutrient friad

about the concentration of the micronutrient, while points Py, P, and P,
represent the solubility relationships of micronutrient pairs. Marking an op-
tional P, («, B, 8) point —here «, § and y give the solubility data of three micro-
nutrients being present in the solution —and let us connect this together with
the points P,, P5, P,, Ps, Pg and P,. These latter points ave carriers of certain
information. Now, & plane can be placed on P, and on both the points being
i neighbourhood of P,; six such planes can be placed. In this way a solid
can be formed which is bordered by planes representing the solubilities of the
examined micronutrients. For the mathematical deseription of this solid the
equation of a plane represented by three points can be used. Taking the
symbols given in Fig. 1:

For the plain represented by P, P, and Pj:

YA A A
E+Z {1 aré,T’y {1 @ .£§+zz B

For the plain represented by P,, P, and P;5:

& BYy w s2f o f Bm}
O & PURROIE 0. JUCTPA0Y . [PRIPRIS. S e £ §
A(I b}‘% (1 AR

For the plain represented by P,, P, and Py

a g1 e D e D) DY

Yor the plain represented by P,, Py and Py

(D) [t
1 e} g O e
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For the plain represented by Py, P, and P;:
H ia
if. (1_E__?_)._§v,ﬁ . F ) 4 Y (1 _.:_.)_}_iz 1

E ¢ B ¢ B ¢ ¢
For the plain represented by P,, P; and P;:

i) PSP A e
al o F FB) e FL D

Dealing with the examination of three given metals, the values of a, b, ¢,
A, B, C, D, E and F are known from the previously discussed experiments.
The task is now the determination of the place of point P;. Knowing the
solubility relationships of the given micronutrient pairs, the form of the solid
ig generally simpler as it is depicted in Fig. 1. During the determination
of the data representing the solid which describes the concentration relation- .
ships of three micronutrients, the aim is to prove that those solutions are
stable which can be characterized by the concentration values being “inside”
the solid.

For clariby Fig. 2 shows the photograph of the solid fabricated from wire.

Fig. 2
The Solid Representing the Solubility Relationships of Micronuirient Triad

3. Experimental Results

_ The application of the method discussed above is shown by the solubility
determination of micronutrients in 10-34-0 ammonium polyphosphate solution.
The 10-34-0 polyphosphate solution was prepared in the laboratory. Its
analysis data are as follows:
N= 9.58 wi. per cent
P205==34.00 wi. per cent

The distribution of the total P05

ortophesphate 52.3 per coent
diphosphate  41.9 per cent
triphosphate 5.7 per cent

Density =1.3488 g/em?
pa=5§.85
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The used inorganic compounds—or micronutrients —and their metal con-
centrations are listed in Table 2.

TFable 2.
Compounds used as micronutrient source
Compound
Wicronubrient ;
name formula wetal content
Boron Borax NasB0;-10 Hz0 11.40
Molybdenum | Ammoniam ) -
Molybdenate (NH4)sMo7024+4 H20 B54.40
tetrahydrate
Zine Zine Sulphate .
heptahydrate ZnB804-7 HO 22.85
Zine Oxide ZnQ 80.85
Copper Copper Sulphate )
pentahydrate CuS04-5 H:0O 25.50
Manganese Manganaus Sulphate )
¢ monohydrate MnSQs.-H0 32.50
Cobalt Cobaltous Nitrate ) .
monohydrate Co{NO3z)s-H20 31.08
Tron Ferric Ammonium . 4 a
Sulphate Fo(NH.){804)-12 Hs0 11.8

The solubilities of the single micronutrients are presented by the numerical
values of ¢ and b, in Table 3.

Dlagrams Desgeribing the Concentration Rel

Pla, b}

a4

b)

Fig. 3

Armmoniun Polyphosphate Solution

ationships of Mieeomutviond Pafve in 1=34 i3
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Table 3.

The solubility of micronutrient pairs in 10=34=0 ammonium polyphosphate solution
(see Fig. 3)

Bolubility g metal/100 g APP, Symbols used in Fig, 3
Micronutrient pair Type of diagram
a b < [
B-Mo 3a 1.76 1.00 —
B-Zn 3a 1.75 2.08 —
B-Cu 3a 1.75 1.30 —_
B-Fe 3ec 1.75 2.70 3.66
B-Co 3¢ 1.75 0.34 1.00
B-Mn 3d 1.75 0.07 0.03
Mo-Zn 3a 1.00 2.08 —
Mo-Cu 3a 1.00 1.30 —
Mo-Fe 3a 1.00 2,70 —
Mo-Co 3a 1.00 0.34 —_
Mo-Mn 3a 1.00 0.07 —
Cu-Zn 3b 1.30 2.08 —
Cu-Mn 3b 1.30 0.07 —
Cu-Co e 1.30 0,34 0.67
Zo-Mn 3b 2.08 0.07 —
Zn-Co 8b 2.08 0,34 —_
V e-Cu 3a 2.706 1.30 el
Fen 3h 2.70 2.08 -
Fe-Mn 3a 2.70 0.07 —
Fe-Co 3 2.70 0.34 0.67
Co-Mn 3b 0.34 0.07 —

Table 3 and Fig. 3 show the solubility relationships of micronutrient paits.
As micronutrients Fe(11I), B, Zn, Cu, Mn, Co and Mo were selected and the
solubility of the given micronutrient pairs, determined by the method de-
scribed above, ean be presented by one of the diagrams given in Fig. 3.

The solubility data of the micronutrient pairs were substituted into the
general equation system of the solid depicted in Fig. 1 and as a result the con
figuration given in Fig. 4 was gained which describes the solubility relation-
ships of the micronutrient triad.

Knowing these solids the method was selected, using this it could be proved
with relatively few experiments that the solutions characterized by the con-
ponent concentrations which are “inside” the constructed solid are St‘a;b le
and no precipitate forms. In the case of solutions by which the coneentration
data of the micronutrient components are “outside” the body, a precipitate
forms, ' )

The method used was as follows:

In the cases of w, b, ¢, d, e and f of Fig. 4]1, the component eoncentration
were mwereased along the hody diagonal, connecting together the point £ and
the origin. The aim was to reach the point P. If in this case the solution was
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- Fig. 4/1
Special Cases of the Solubility of Micronutrient Triads in 10=34=0 Ammonism Poly-
phosphate Solutions

stable, an attempt was made to “step out” from the formation ie. move
lorganic salts were added into the solution. If this experiment resulted in
& precipitate formation, this verified the soundness of the presumption.

In the case of the triangle base prism shown in Fig. 4/2 ¢, the increase
of component concentration was carried vut along the arrow which lies on the
Youndary plane, and a further increase of the concentration was attempted.

In the cases of &, 4, §, &,  and m of Fig. 4]2 the concentrations were similarly
aitfgred, the directions marked with arrows, until the point P was reached,
mk!ﬂg the formations of %, i and j the samples characterized by A were also
Prepared.

’If the p, value of the solutions decreased due to the dissolation of the
’f‘r?i*fmmtrients, it was readjusted again with ammonia gas until the value
o 5.83, '

. The numerical data of the solubility values of micronutrient trinds are listed
0 Tuble 4. The representation of the micvonutrient eoncentration on the &,
¥ and z axes was carried out in the sequence given in the first column of the
Luble, ie. the  co-ordinate of point P gives the first, § the sevond and » the
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- Fig. 4/2 o
Bpecial Cases of the Solubility of Micronutrient Triads in 10=34=0 Ammonium Poly
phosgphate Solutions

third element concentration existing in the fertilizer solution eha,mete,r'}zeé
by point P. The section of the three axes (a, b, ¢) is the solubility of the givet
metal salt, and the three planes of the spatial co-ordinate system being per
pendicular to each other, the figures take place which describe the solubilitt
of 2—2 micronutrients. The values of these were presented above and with
their help the sizes of the solid can be caleulated. )

In the cases illustrated with Figure 4/1 «—f, the numerical values of ﬂ“
%, 3 and y co-ordinates of point P are also presented in Zable 4 on the o
hand, the cause of this is the prevention of uncertainties caused by the ‘iﬁ:
forming effect of the drawings, and on the other hand the co-ordinates of £
point marked with + symbol do not follow unequivocally from the soiub’xht:_
data of micronutrient pairs. In the cases of Fig. 4/2 g—m, the point P mov
along one of the edges or on the surface of the solid, therefore their co-ordinat™
are not presented m Table 4.



1978 ’ Solubility of Mictonutrients 269

Table 4.
The solubility relationships of micronutrient triads
in 10=34=0 ammonium polyphosphate solution
(See Fig. 4)
The co-ordinates of point P g metal/100 g APP
Micromutrient triad Type of solid
& 8 e

B-Mo-Zn 4a 1.7 1.00 2.08
B-Mo-Cu 4a 1.78 1.00 1.30
Fe-Mo-Mn da 2.70 1.00 0.07
Fe-Mo-Ca 4a 2,70 1.00 1.30
Cu-Fe-Cu 4e 1.30 2.70 0.67
Mo-Fe-Co 4b 1.00 2.70 .67
Cu-B-Co 4ot 1.30 1.75 0.67
Mo-B-Co 4b 1.00 1.75 1.00
Cu-B-Fe 4b 1.30 175 3.66
Mo-B-Fe 4b 1.00 1.75 3.66
Fe-B-Co 4d+ 3.66 1.75 1.00
Fo-Mo-Zn 4q — — —=
Zn-Mo-Cu 4g —_ — —
Zn-Mo-Co 4g — — -
Mn-Fe-Cu 4g —- — —
Zn-B-Cu 4g - - -
Cu-Mo-Mn 4g — — -
Co-Mo-Mn 4y — - —
Zn-Mo-Mn 4q — — -
Mo-Cu-Co 4ht+ 1.00 1.30 0.45
Ma-Fe-Co ‘ 4h — — -~
Mn-B-Zn 4 — — —
Mn-B-Cu 45 - — -
Zn-B-Co 44 - — -
Mn-B-Co 44 - o -
Mo-B-Mn. Ao+ 1.00 1.76 0407
Mu-B-Fe 4f .08 1.5 360
Zn-B-Fe 4h — — o~
¢,J‘u~F‘e-Zn 4k — - e
Zn-Fe-Mn 4k - — = -
Un-Mu-Zn 41 - = ‘ -
Zn-Co-Mn 41 - — -
Zn-Fe-Co 4 - 1 — -
Ma-Cu-Ca - dm = ] - -
Zn-Cu-Co 4 - ; - -
Notes

.7 The co-ordinates of point P cannot be given from the solubility data of mieronuirient pairs.
“* Irregularities: X . ) o
1. The solubility of Co s 0.45 g/100 g APP ingtead of the expeeted G467 /100 g ATP in the Mo-Cu-Us
svstem, . X e
2. Bas he ¢ sd # . the Mo-B-Mn system could be represented by the solid deplefed on
F ?;e g,fg ]cl?. ?;pp;ii}%?gg {t::(leg g:l{:?grgiwn in Fig. 4/1 u, vepresents the system, Lo, the solubility of manganess
is 0.07 g/100 ¢ APP justead of the expected 0.03 £/100 ¢ APP value.

4. The Practical Applieation of the Method

In possession of the data presented in Chapter 3, it is feasible to meet the
“laims of pural economists and to decide whether is it possible to prepare

the required solution of micronutrients from a 10-34-0 ammonium poly-
Phosphate solution or not.
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For systems containing two micronutrients the equations of lines borderin
the plain figures can be set up using the symbols presented in Fig. 3. If th
required concentrations of micronutrients are @, and b,, the following cond
tions have to be fulfilled for the preparation of a precipitate free fertiliz:
solution:

In the case of 3.a:

The equations of the bordering straight lines are:

z=a and y=b.

The solution is stable, if ¢, =<a and b,;=b.
In the case of 3.b:
The equation of the bordering straight line is:

Y

~+o=1.
The solution is precipitate free, if:

b

“ + 2 1.

@ b

In the case of 3.c:
The ecuations of bordering straight lines are:

& —

#=a and gy= x+b.
@
The solution is precipitate free, if
c—b
a=a and Dy=-—-—eai+b.

o
In the case of 3.d:
- The equations of the bordering straight lines are:

b—e¢
w=q and y=-— w+b.
@
The solution is preci pitate free, if:
—e
=0 and b= — ay+b.
«

_ Yor fertilizer solutions containing three micronutrients the construetion o
limiting conditions is similar, the difference is that in this case the equati’”
systems are set up which describe the bordering planes of the spatial figut®
The magnitude of the micronutrient concentrations a,, b; and ¢, of the P
duced solution have to fulfil the demands prescribed by the equation syste?
for the production of a preeipitate free, micronutrient triad containing fertr
lizer solution. ’ ' o

The equation systems describing the solids depicted in Fig. 4 (using t¥
svmbols of Fig. I'and Fig. 4) are as follows:
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In case of 4.a:
K4

@&
—=1; Sl —=1.
C

o b
It is to be seen that the solution will be precipitate free, if:

am=a: bi=b; o=ec.
In the case of 4.h:

—=1; —=1; jl——]li—=1.
e

® ¥ y{, @} =
a b b [

Clear solution can be produced, if:

1 b d
ar=a; bi=b; cls——‘—-i(l-n—).
¢ ¢b ¢

In the cage of 4.c:

b y Yy ay z
—=<l; ==1; J1——}+—=1.
asl, b-<1, b( 6)—}-05

The conditions of the production of clear solution are:

1 B d
m=a; bi=b; pim———fl——].
s c¢b ¢

In the case of 4.d:

The condition of the preparation of the precipitate free solution is that the
values of «,, b, and ¢, have to be the roots of the above equation sysiem.
In the case of d.e:

@ ¥
—=1l3 ==l
€&

b

— d% =
:z:dey(i )

The conditions regarding values a;, by and ¢; are the same as given in the
tase of 4.d. “
In the case of 4.

)

i
ok
-

w yf ¢
M+~(£mwglg
a b T 3
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8
b

51;

d, 2
T R
b{ e ) e
The conditions regarding values «y, b, and ¢, are the same ag given in the
case of 4.d.
In the case of 4.¢:

The solution iy precipitate free, if:

1441 &
brezbh and e ipe
&)
In the case of 4.h;
@ &

i@

The conditions regarding values oy, b; and ¢, are the same as given in co%
of 4.d.

In the case of 4.i:

z d
f P E R
@ b( c)*a

The conditions regarding values a,, b, and ¢, are the same as given in the ¢2¥
of 4.d.

In the cage of 4.j:

@ ey % v
s it
a b a e

y

2

b 3

I B ]

T ¢

b
The conditions regarding values ay, by and ¢, are the same as given in the o#

of 4.d.
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In the ecase of 4.k

The solution is precipitate free, if;

ay e b1 v
Sadat oanad 2%
) a o b e
In the case of 4.1;
® Y =z
RSN RS 5
e b + P

The solution remains precipitate free, if:

@ by e
Bl M
a b e
In the case of 4.m:
@& Y o
@ 1 d z
s +‘;L (1“@) Fovomsez 1
a b e

i . . [ A iy
The solution remains precipitate free, if:

(l1+b‘1 1:

/3 bs ’
ftlenf’i(1_i) “ ot
a b e

ACKNOWLEDGEMENT

The authors are indebted to Miss J. Markos for her help in the solution
of mathematical problems.

RERFERENCES

L Momrveor, J. J. et al: Micronutrients in Agriculture. Madison, Wisa, USA. Soil
Sei. Soc, of Ameriea. 1972, a.: pp. 450., b.: pp. 464.
« Morevepr, J. J.: Proe. Nab, Fert. Solutions Assoe. Round-Up. 23. 1873,
sonryN, F. Poy Proe. Nat, Fert. Solutions Assoc. Round-Up. 5. 1469,
riw, T. P.: Proe. 16% Ann. Fert. Conf. Pac. North-West, Balt Lake City. 1965.

Ll
¥
o

P A
- Cupsnry, L. Fert, Solutions 13 (1), 23 (1969).
- Morevepr, J. J. and Gorpaxo, P. M.: Fert. Solutions 14 (4), 22 (1970),
Noack, A, V., Porrs, J. M. and Smavesr, H. B.: J. Age. Food Chem. 13, 165 (1965).
. Produetion of Liguid Fertilizers from Liquid Base 11=37=0. Alabama, National
Fertilizer Development Center, Muscle Shoals, 1967,
. ‘SABIEV, M. N.: Usgb. Khira. Zh. 13 (2),°12 (1569).
. Formus, M. R.: Fert. Bolutions 18 (6), 98 {1974).

fesd Le-roen

1

o]



274 8. Gor Nagy, P. Kaldi, Mrs. J. Bésan and A. Szanté Vol b.

11. Formaing, R. E.: Proc. Fert. Ind. Round Table, Wash. D. C. 18, 135 (1968).

12. Youxa, R. D.: Farm. Chem. 132 (8), 52 (1969).

13. Sack, A. V.: Fert. Soc. Proc. 133, 34 (1973).

14. Farm. Chem. 130 (2), 68 (1967).

15. van Wazer, J. R.: Industrial Chemistry and Technology of Phosphorous and Phos-
phorous Compounds, A. Encyclopedia of Chemical Technology, 22 Ed. Interscience
Publ. New York. 1969. pp. 255.

16, Kirpi, P., Tamis, F. and P4rn, L.: Vizes oldatok fézisegyensilyai (The Phase
Equlhbmum in Aqueous Solutmns) Tanktnyvkiadé. Budapest. 1976.

PE3IOME

‘B xozne paGoTs, HanpaBleHHOR Ha onpejenenne pacteopumMocty B 10-34-0-oM pacrsope uosm@oc-
dara ammvmara cemu naubolnee BaxHEX MEKposteMentos — Pe(I1l), B, Zn, Cu, Mn, Co, Mo —,
apTropaMu OBI paspaloTaH TAKOM METOH, ¢ HOMOMIBIO KOTOPOro Moryt OBITH 32NaHEL COOTHOME
HUs KORLEHTpaUuil MeTaJbioB B pacraope nomadochara aMmMuaxa, COBEPIKAIETO B ceOE TPy MUKPO-
BIIEMEHTA, IPH HEW3BECTHOM COCTABE W HEU3BECTHOR KOHCTaHTE yCTOMWMBOCTM OOGpasyrommxes |
B pacreope KOMILIEKCOB, [{aHAsIi MeTON MOXKET ObITH MaTEMATHICCKH PACHPOCTPAaHER B Ha pact-
BOpEI yHOOpenmii, cofepxanme 6omnee TpEX SIEMEHTOB.
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