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) wfh HA [ q roclomente ;3 i Aty ; :
Mg sywtem doped vwith van (ous microgle ments ln bidistiffeq water and the Zf,. uq:rcn/t:r!'v;f:""(? S"(L ‘..'0 -
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static conditions was studied, The leaching tests were perf:

N PR T vy M. Performed with glass poswdor . 1=

°C for pertods up to 480'h T Samples mass fosy, he Changes of I’IJ} ay lll’;’:"ltj: ,;Z”ﬂ;::::rj;:g?r?n;’ cding
< £ 4 mof elements in

d refeased Sertilizer, whose sy
oclements (Fe ¢ W, /. Mny which
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Revwords: phosphate glass, dissolutlon, controfled released fertilizer

LINTRODUCTION

The process of healthy food production is very important in Euro

the world, ldeas like "Sustainable agriculture” and "Ecological agriculture” are very important topics for
the governments of most developed countries, for which the health of the nation is important [1.2). /n
intensive agriculiiral production, artlficial fertilizers are used 1o provide the necessary amounss of
nutrients for different crops, On the ofher hand, "new technologies” used in agriculture are focused on
reducing the use of chemicals that have a negative impact on the environment and the use of new
materials to obtain products of superior biological quality [3.4).

pe as well as in a large part of

Production technology of controlled release fertilizers, whi;h includ?s glassy fc'nilizcrs.‘l‘ns been
developing for a long time, The main advantages of glassy I'cmlu'zcrs against conventional retm!lzmg are:
they increase the grade of assimilation by plants, do not release insoluble compounds in soil, remain in
the sofl during the entire period of plant development, and do not pollute the phreatic water [5.6].

ertili i i / seful for plants
Glass matrixes based fertilizer consist of macronutrients (K, P, Mg, Ca) most useful for p
503 d with mi i B, Fe, Mo, Cu, Zn, Mn) which are important to the growth and
and also incorporated with micronutrients (B, Fe, Mo, Cu, Zn, are t e s
l ibility of glasses enables the variation of their composition as
development of crops or plants, The flexibility of g A 3 5 i b N icloe
Properties over a wide range. There are two-fold ndv.ml:q,cslsoOr th??x e
fertilizer: (n) glass can accommodate almost n!! the lclc:_l::; et
fesistance of the glass which may vary is' very high. The (l-;n erature, time of reaction, etc. This process
depends on several factors: glass compsition. pi! snluluf} £ -chI'I1 time of the process can be regulated by
takes place in several stages and this enables that the oy

= w5 [7-11].
lavoring or suppressing some of these phases [7-11]
175
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. e At Tank 'Y, I'I‘NMS- e -
leveloped at the Center of Inorganic l'echnology are. phogpy,,
ilizers deve {
Glassy fertilizers de

ii ssence of several elemeng i le Elag,
he ability to accept in their composition the presence { 1S i :
< N \] » I] “ 4 {
demonstrating the abiiny

QA
hanism of chemical reactivity of o, cns;,blcis
“the growth of plants, Mechanis Phosph. e,
the biological processes of the gre \ e S 5‘,““
in two difYerent solutions is the subject of the pres
2. EXPERIMENTAL
2.1 Glass synthesis . -

ss batches were prepared from reagent grade raw materials (NHy),] PO, KzCOL Caco
e 35 ; O; and MnO:. To minimize the foaming of the melts, the ¢ y
Si0x. MgO. ZnO, CuO. Fe:0; 3;

rucible wag Slowjy
heated up to 7= 190 °C and then maintained for 3 h to release the gaseST, iui:l;}easowater vapor gng
ﬁfctmeh[;nn was performed in an electric furnace Carbolite BLF 17/3 at T = C

!
. for one hy, b b,
ml open unglazed ceramic crucible. The glasses (PFG1 and PFG2) were obtained by quenching e el
on a steel pfate.

2.2 Dissolution experiment

Dissolution experiments were conducted in two solvents:
e Dbidistilled water (pH=6.93 at T=25 °C) and

¢ 2wi1% aqueous solution of citric acid (PH=231at T=25 °Q),

under static conditions. The experiments were conducted in bidis
surface conditions of grain disso
on their solubility in 2 wt%
components by plants [7].

tilled water are g
lution in moist soil. The chemical activity of glasses w

Pposed tg mode|
citric acid solution, which is an indicator of assimilati

as estimated based
veness of fertilizer
The experiments were performed with glass

powders particle size 0.3-0.65 mm
prepared by crushing the bulk

glass in an agate mortar and sieving it to an appropriate grain size, Samples
of the glasses powders (1 g) were weighed and transferred into 50 m| volumet

ric flasks and then gpe of
the two solvents was added. The closed flasks were placed in a water bath. T}

he dissolution experiments
were performed at 37 °C for different times in the range of 0.5 to 480 h. After completion of the
experiment, the flask content was f]

ion of jons were determined in the
obtained solutjons. Also, the mass | i

- The glass powders were

2.3 Characterization of the glasses

Powder X

-ray diffraction (XRD)
diffractometer wit

analysis was realized using a Philips PW-1710 automated
haCuk, radiation tube

operating at 40 kV anq 32 mA.

omposition of the glasses and fhe concentrati glasses
on of the ions in solutions after g
dissolution were determined usin . ilips
8 a Perkin Elmer 703 at i and a Philips
UVIVIS 8610 spectrophotometer. omic absorption spectrometer {
The spe

cific surface area of th
ese d
Analysette 22, Gy

. . 176 ] Sch
as determined by the Laser Particle Sizer Fril
A Conson C830p

: PH meter wqs . ; e plass
powder dissolution CXperi A PH_) Mcasurements in solutions, after the &
measurementg were condugteq aT=724 oC aler and. 2w

’ i itric acid. The
% aqueous solution of citric @
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. powde! .\”I(lll‘)| ||(|l|';:::‘.‘;rll:::"”(M“)) wlysin confimed
e chemic /Bt clpsne ) !
s ol the ¢hen ’ e plnsses, PECH i l’l/:'b; :Iu tluulu'luwl melts 1o be vit I
[ Table |, (' e glven in ‘fable b vhireous. The
L Chemteal composttion of yilirns .
(liwhen
S10: KO | a0 | oMo |
') Micraelements
9 19 : 7n()
ERET] LS ¥ . 7 ’ Mi() ( f
3 a4 7 3 ‘ T L w)y | fed)
'; "’5 i ‘j "“ 1 .’} T "'.
’ / 3

pesults of the chemical compositon analysts shown fn ‘Tal
1y ¢ ip ol olyphosphate glusses and that the gloss l»(nlvz I‘: )Ilc [, show that the glass 1PGE ) belongs 1o
' (0 , . " ! ¢ "” V"' “ ' - Hk
Ml:mM (')'(L)(,(I»‘(‘)l‘;(rz‘l“l(h)”m el | the  plosses — are: ’ l'l-,'('jl;L :;f;,’;'!’ h:;“(r;’?%f"mc alasses,
¢ ' "\ c"'a Tap ' ! ), oMIE ) ':"r‘y ,
0 llugl :n} madifiers, NIF are network former fons). In »;l(’) ",M
nd Q7 tetrahedra are y(Q') = 0,062 er fons). | polyphosphate
I'V 1002, y(Q') = 0,934 and the average

+ 32,3, ‘The fraction of
¢ fraction of Q7 and Q" tetrahedra are P,(()’, « 0,642, y () ©
T and MPGE2)=115.71

1o Vil \
I Gl 1, the (ractions ol

1§50 '
ﬁ!;rnhcd yn ehain length 18 Lo |
i POI2 plass [12] Molecular mass of plasses are: M(PGIT) +103.9 gmol

0,58 "
gnmi'.
[From Met
esent N golutions  ufter dissolution, caleulate
cm\ccnlrnliuns in solution according to equation (1):
(= ¢V
0 TR
(s‘ { |S
(1

as well as the concentration of ion

ata from mass release during dissolution
and normalized ion

sured d
the normalized mass Joss

«ched species in time /. J, is the mass fraction of species | in the
L solution and Vs the solution volume [12,13].
¢ on dissolution gime in hidistilled water an

sented in Fig. !

ntration of Jet

ig the mass conee
in contact with ¢

plass surface
d 2wt%

where ¢
glass, S is the

The dependence of normalized mass releas
id for both glasses is repre
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Figure 2. Time dependence of f(i) for: a) PGF1 b[dlSt)‘/[@L:] water; b) PGF2 bidistilled water; ¢) PGFI citric acid. 4
PGE2 citric acid.

Using the experimentally determined dependencies of normalized mass release and normalized ion
concentrations (Fig. 2) on dissolution time, initial ions release rates (ros) and the jons dissolution rates in
final stage () were calculated from the slopes of the linear parts of the curves (Stage 1 and Stage III) for

both glasses. The results are represented in Table 2 and 3.
el)

Table 2. Initial release rates (o) (Stag
Glass T e | ro, [ 21 i
Iom To POM4 oK I'0.Ca ToMg To.Zn To.Mn I'o.Fe ToCu
PGFlbw.” | 044 0.44 0.82 0.32 0.34 0.17 0.17 - -
PGFlca ' | 608 12.92 8.72 6.68 7.26 5.70 6.45 - -
PGF2b.w. 1.53 2.86 3.30 5.34 1.80 0.85 0.93 0.78 .19
PGF2 c.a. 1.83 7.71 7:52 6.88 2.06 1.62 1.05 0.89 141
*b.w.-bidistilled water. c.a.-citric acid
Table 3. The release rates ru; in Stage m
it s
Glass py [gm? h']
frm I WHJ‘ IzK I'zCa T7.Mg 270 Tz Mn Tz Fe Lo
PGFlbw. ]0.430 0.0231 0.0116 0.0124 0.0106 0.0094 0.00423
PGF1 c.a. 00118 0.0073 | 0.0052 0.0083 0.0115 0.0101 0.0137
e e—To05 o [0 0015 0027 0012 T R
o1l 0 5001 |0

PGF2 c.a. 0.02] 0.024 0,020 0.073 0.032 0.011 0.028
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