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PaccmompeHb! 80Mpockl 83aUMHO20 108e0eHUsI KOMITOHEHMO8 8 MPOUHOU 800HOU cucmeme ¢ ydacmuem
Oukapbamudoxnopama Kanbyusi u ¢pocchama MOYE8UHbI B8U3YyalrlbHO-MOIUMEPMUYECKUM MemoooM 8
WUPOKOM UHMmMepsasie memnepamyp U KOHUeHmpauul. Ha ocHose nomny4YeHHbIXx OaHHbIX [0CMpoeHa
nonumepmuyeckasi OuaspaMma pPacmeopuMocmu CucmeMbl Ha [PsMOY20/IbHOM MmpPEeyaosibHUKE 0m
asmeKkmu4Yeckol moyku 3amepsaHus o 30 °c. lMosepxHocmb nukeudyca paszdesieHa Ha Yembipe 4acmu,
Komopble coomeemcmeayom MonaM Kpucmasnniudayuu sb0a, Oukapbamudoxiopama Kanbyus, gocghama
moueguHbl U coeduHeHusi cocmasa Ca(H,PO,4)(ClO3)-CO(NH,),. CoeduHeHue bbir1o 8bidesieHO u3 rpedno-
nazaemoti obnacmu Kpucmannusayuu u uéeHmuguyupogaHo Mmemodamu XUMUYeCKoao, mepmozpaguye-
cKko20 u UK-cnekmpockornu4yeckoeo aHanu3a. brnazolGaps xopoweli pacmgopumocmu UCXOOHbIX KOMMIOHEH-
moe 8 cucmeme Habnodaemcsi He3HadYumeribHoe 8bicasiuearouiee Oelicmaue Oukapbamudoxrnopama
Kanbyus u gpocchama Moye8uHbl Ha coeduHeHue cocmasa Ca(H,PO,)(ClOs)-CO(NH,),.

Knrouesbie criosa: pacmeopumocmb, mpolHas cucmema, Oukapbamudoxiopam Kanbyus, ¢pocgham moye-
8UHbI, noriumepma, udeHmucgbukayus, ebicanusaioujee delticmesue.
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INTERACTION OF COMPONENTS IN WATER SYSTEM
WITH CALCIUM DI-UREA-CHLORATE AND UREA PHOSPHATE
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In this article the mutual behavior of components in triple water system with participation of calcium di-urea-
chlorate and urea phosphate in wide interval of the temperature and concentration have been studied by the
visual-polythermyc method. Based on data obtained, the polythermic diagram of solubility of the system on
right-angled triangle from eutectic freezing point till 30 °C has built. Surface of liquidus is divided into four
parts, which correspond to the fields of crystallization of ice, calcium di- urea-chlorate, urea phosphate and
compound with Ca(H,PQO,)(ClO3)-CO(NH,), composition. The compound was precipitated from supposed
area of crystallization and was identified by the methods of chemical, thermographic and IR-spectroscopic
analysis. Due to good solubility of initial components the insignificant salting-out effect of calcium di-urea-
calcium chlorate and urea phosphate on compound containing Ca(H,PQO,)(ClO3)-CO(NH,), is observed in the
system.
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action
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INTRODUCTION

The development of a multifunctional and ef-
fective preparation for agriculture based on local
raw materials is an important issue. Calcium chlo-
rate is an inorganic defoliant that is effective in
dewy and not dewy regions. Urea phosphate is a
high concentrated complex fertilizer containing
about 17.8% of the nitrogen and 44.9% of the
phosphate anhydride. An alternative way of ob-
taining a polyfunctional defoliants with nutrients is
a combination of defoliants with different mineral
fertilizers [1].

Previously, the interaction of the above com-
ponents in water systems has not been studied.
For physico-chemical justification and further de-
velopment of technology of calcium chlorate defo-
liant with active additives, we have studied the
interaction of components in the system calcium
di-urea-chlorate — urea phosphate — water in a
wide interval of temperatures and concentrations
by the visual-polythermal method [2].

MATERIALS AND METHODS

For research used calcium di-urea-chlorate
was used, which was obtained by interaction of
the melt of urea with calcium chlorate at a molar
ratio 2:1=CO(NH,),: Ca(ClOs),. Urea phosphate is
synthesized by reacting urea and concentrated
phosphoric acid in a molar ratio 1:1 [3]. The solid
phase was identified by chemical and various
methods of physico-chemical analysis. To clarify
the nature of the interaction between the constitu-
ent components of the synthesized compounds
was carried out infrared spectroscopic analysis.
The IR absorption spectra of initial components
and the studied compounds were recorded on
FTIR spectrophotometer, System 2000 of the
company Perkin-Elmer in the frequency range
4000-400 cm™. Samples were prepared by
pressing tablets with potassium bromide [4].
Thermal analysis was recorded on derivatograph
system Paulik — Paulik — Erdey [5] with heating
rate 10 deg/min, the batches of the substance
179, 197 mg, with the galvanometer sensitivity,
1/5 of the DTA, DTG 1/10, TG-200, T — 900 °C.
Recording was carried out under atmospheric
conditions. A corundum crucible with a diameter
of 10 mm without lid was served as a holder. As
calcined aluminum oxide was etalon. In the quan-
titative analysis, well-known methods of analytical
chemistry were applied. Calcium was determined
by volumetric complexonmetric method [6]; chlo-
rine-ion by argentum metric method [7].

The system Ca(C|03)ZZCO(NH2)2 - CO(NH2)2 .
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H;PO, — H,0 studied with six internal sections, of
which  I-lll, conducted from the side of
Ca(Cl03),2CO(NH,), — H,O to pole of
CO(NH,),-H3PO,, and sections V-Vl is to the con-
trary from the CO(NH,),-H3;PO, — H,O to the pole
Ca(Cl03)»,2CO(NH,),. Binary system Ca(ClO3), -
2CO(NH,),—H,0 is characterized by the branches
of crystallization of ice and calcium di-urea-
chlorate with a transition point at 15°C, in which
the concentration of Ca(ClO3),'2CO(NH,), is
46.1%. Data for the solubility of the binary system
CO(NH,),'H3PO, — H,O fully correspond with the
data of authors [8].

Based on the data of the binary systems and
polythermal sections built polythermal diagram of
solubility on a right triangle and polythermal pro-
jection system from eutectic freezing point of the
system (-22,7 °C) to 30°C (Fig. 1-2 a, b). The sur-
face of the polythermal liquidus of diagram is di-
vided into four fields corresponding to the fields of
crystallization of ice, urea phosphate, calcium di-
urea-chlorate and compound of composition of
Ca(H,PO,4)(CIO3):CO(NH,),. There have been
found the two of triple points of the system are
defined the temperature of crystallization and the
compositions of equilibrium solutions (table).

RESULTS AND DISCUSSION

It is seen from the diagram of solubility that in
the system as a new phase formed the compound
Ca(H,PO,4)(ClO3):CO(NH,),. It takes up a signifi-
cant portion of the solubility diagram, which indi-
cates its lower solubility relative to other compo-
nents of the system. The minimum concentration
of calcium di urea chlorate leading to the for-
mation of compounds is 10.0%, and urea phos-
phate is 10.8%. It is possible that the mechanism
of the reaction is similar to interaction in the sys-
tem Ca(ClO3), — CO(NH;),-H3sPO4 — H,0O [9]. The
compound Ca(H,P0O,)(ClO3)-CO(NH,), was isolat-
ed in the crystalline state and identified by the
methods of chemical and physico-chemical analy-
sis.

According to the thermal analysis curve of
heating double water of calcium di-urea-chlorate
is characterized by the presence of ten endother-
mic effects at 110, 190, 243, 325, 350, 360, 370,
400, 460, 780°, with five exothermic effects at
285, 315, 446, 492 and 610°C. Effects at 110-
190°C are characterized by removal surface
sphere molecule of water.Calcium chlorate being
in the urea compound is decomposed in NH3 and
CO, at 243°C resulting decomposition of car-
bamide. Moreover, exothermic peaks at 310-
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325°C indicate on decomposition process of cal-
cium chlorate, which continues till 400 °C. Since
400 °C and more combustion action of thermoly-
sis with generation of CaO takes place. The total
mass loss in the temperature range 60-900°C by
thermogra-vimetry curve is 86,21% [Fig.3 a].
Curve on heating connection Ca(H,PO,)
(ClO3)-CO(NH,), there are the following exother-
mic effects at 100, 215, 311, 420, 585 and 730 °C
and endothermic effects at 85, 123, 150 °C.

Ca(Cl103)2:2CO(NH2)2-2H20, %

Ca(C10)x
2CO(NH:): -
M0 150

40

H:0

Tthermoeffects at 85-100°C corresponds emis-
sion of fragments of chlorates that loss of mass is
28-30%. Effects at 215-311°C are character for
decomposition compound urea with emission
ammonia and carbon dioxide. Following that,
heating stepped decomposition of Ca(H,PO,),
and combustion of thermolysis products takes
place that thermoeffects testify increase tempera-
ture above 420°C. The total mass loss in TG is
43,26% [Fig.3 b].

60 CO(NH2)zHaPOs4, %
CO(NH2)2HzPO4

Fig. 1. Polythermal solubility diagram of the system
calcium di-urea-chlorate - urea phosphate — water

18,0

(NH,),CO"H,PO,-H.0 20 40 60 Ca(ClO,),2CO(NH,),2H.0, % mass

a

Ca(Cl0,), 2CO(NH,),2H,0 — HO 20 40 60

t°C

30

20

(NH,).CO-H,PO,, % mass.

b

Fig. 2. Polythermal projection of the system of calcium di-urea-chlorate — urea phosphate — water
on the sides of urea phosphate — water (a) and calcium di-urea-chlorate — water (b)
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Double and triple points of the system Ca(ClO3),-2CO(NH;), — CO(NH,),-H3sPO4 — H,O

Composition of the liquid phase, %
temp. of
2CO(NH,), HsPO, ?
46,1 - 53,9 -15,0 Ice + Ca(ClO3),"2CO(NH,),
Ca(C|03)22CO(NH2)2+
56.0 15.2 28,8 18,0 Ca(H:PO,)-(CI0;)-CO(NHs),
52,8 12,8 34,4 7,2 The same
42,0 10,7 47,3 -14,0 The same
} Ice + Ca(C|03)2ZCO(NH2)2+
40,0 10,9 49,1 22,7 Ca(H,PO,)-(CI0;) CO(NH,),
35,5 13,2 51,3 -20,6 Jlep + Ca(H,P0O4) (ClO3)-CO(NH,),
24,2 14,8 60,8 -16,0 The same
15,0 25,0 60,0 -13,0 The same
ICe + CO(NH2)2H3PO4 +
13,9 18,9 67,2 -12,0 Ca(HPO,) (CI05) CO(NH,),
CO(NH2)2H3PO4 +
12,0 34,6 53,4 6.4 Ca(H,PO,)-(CIO3)-CO(NH),
CO(NH2)2H3PO4 +
10,0 50,0 40,0 27,0 Ca(HPO,)-(CIO5) CO(NH,),

To identify ways and places the coordination
of the molecules of the compounds studied the
IR spectra of it and the source components
[Fig. 4 a, b].

The IR spectrum of the urea phosphate
absorption band at 3456-2927 cm™ attributed to
the valent and deformation vibrations of NH2
group. The band at 2340 and 1247 cm™ relate to
stretching and deformation vibrations (P-O-H)
bands. Ys(H,PO,) and Yas (H,PO,) are observed
in the absorption bands and 1079-1174 996 cm™.
The valent and deformation vibrations of groups
observed in 553-482 and 1669 cm™ respectively
[10].

The IR spectrum sodium di-urea-chlorate is
characterized by ys(NH,") and Yas (NH.,") at 3389
and 3467 cm™. The bands at 1633 and 773 cm™
corresponds to valent and deformation vibrations
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of CO group. Deformation vibrations of NH, group
are observed at 1471 cm™. The bands at 1155,
967, 613-474 cm™ correspond to the valent
asymmetric, symmetric and deformation vibrations
(ClO3) group [11].

The IR spectrum of the formed compound
characterized by the presence of absorption
bands at 2324 and 1239 cm™, characteristic for
valent and deformation vibrations of (P-O-H)
group. The bands at 1635 and 567 cm™
correspond to v(CO) and d(CO), and the band at
1466 cm™ and 670-619 cm™ corresponds to
vibrations of d(NH,"). The band at 1091 cm™
attributed to the Yas(H,PO,). To the valent
symmetric, asymmetric and deformation vibrations
of ClO; are belonged to the bands at 970, 1152,
and 491 cm™
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Fig. 3. Derivatograms: a — Ca(Cl0O3),-2CO(NH,),; b — Ca(H,P0O,4)(ClIO3)-CO(NH.),
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Fig.4. IR- spectra: a — Ca(ClO3),2CO(NH,),; b — Ca(H,P0,4)(ClO3)-CO(NH,),
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In IR compound Ca(H,PO,)(ClO3)CO (NH,),
composition relatively spectrum of starting com-
ponents it is observed that fringe shift charac-
tering P-O-H, CO, NH," and CIO5 groups appar-
ently it is said on concern of these groups for for-
mation of coordinating bonds of complex.

CONCLUSION

Thus, it was studied that interaction calcium
di-urea-chlorate with urea phosphate in water sys-
tem in a wide range of temperature and concen-
tration. There had been revealed temperature and
concentration bounds of existence of solid phases
of system components and generation of complex
compound Ca(H,PO,)(CIO3) - CO(NH,),, which
was identified by chemical and physic-chemical
analysis. As seen from results conducted by we
study, above mentioned compound
Ca(H,PO,)(ClO3):CO(NH,), was formed at inter-
action components in triple system: Ca(ClO3), —
CO(NH2)2H3PO4 — H,O [9] n Ca(C|O3)2

2CO(NH,), — CO(NH,),'H3sPO, — H,O as a result
of the following reaction below
Ca(C|03)2+CO(NH2)2H3PO4—>C3(H2PO4)
(CIOg)CO(NHz)z"’HClOg
Ca(ClO3),-2CO(NH,),+CO(NH,),.HsPO,—
Ca(H2PO4)(C|03)CO(NH2)2+ 2CO(NH2)2+HC|03
2HC|03—>H20+T202+TC|2

The IR spectrum of the compound relative to
the spectra of the source components is observed
shift of the bands describing P-O-N, CO, NH," and
ClOs - groups that, apparently, speaks about the
participation of these groups in the formation of
coordination bonds of the complex.

The data obtained based on study of the in-
teraction of components in the water system with
the participation of calcium di-urea-chlorate and
urea phosphate, are of interest for subsequent
development of technology for complex active
defoliants of cotton due to the content in it of
some physiologically active groups.
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