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The phase diagram of the system Ca{NO3), + CO(NH)p—H 0 (abbr.: C.U.-W.) is not
known in domains containing less than 25% water, as conventional solubility examinations
are not suitable for determination of the solubility equilibria between very concentrated
and viscous solution and solid C.U. The unknown domain of the phase diagram has been
established by means of thermoanalytical methods.

DTA studies revealed that C.U.3W. separates from solutions containing 7—21% water,
while C.U. separates from more concentrated solutions.

C.U.3W. and C.U. form an eutectic mixture with melting point 28 °C and composition
C.U.3W.:C.U. = 36.64.

Quasi-isothermal—quasi-isobaric thermogravimetry showed the boiling point of the solu-
tion saturated with respect to C.U. to be 200 °C, the composition being C.U.:W. = 97:3.
The course of the tension curve of the phase diagram was determined by investigation of
systems containing different amounts of water.

The equilibrium conditions in the Ca{NO3)s * CO(NH2);—H20 system (abbre-
viated below to C.U.-W.) are known in general terms. The phase diagram, however,
has not yet been determined. Figure 1 illustrates the solubility isotherms [1, 2] of the
system at 0, 20, 40 and 55°. The areas HMF, JNF, KOF and LRF mark the stability
domains of the complex Ca(NQO3)2 * CO(NH3)2 « 3H20 (C.U.3W.) at each tempera-
ture, while the area RPG shows the stability region of anhydrous C.U.

C.U.3W. is one of the well-defined compounds in the C.U.-W. system. It has poten-
tial as a fertilizer and an investigation of all aspects of its stability is therefore of
practical significance.

The stability conditions prevailing along the straight line AG in Fig. 1 can be more
easily appreciated with the help of the phase diagram of C.U.3W. in Fig. 2.

This diagram shows that the solubility of C.U.3W. is known only up to the point
E. This is probably due to the fact that separation of the phases and their determina-
tion in the presence of one another using conventional methods of solubility analysis
are very difficult in those regions where the solution in equilibrium with the solid
phase is extremely concentrated and viscous.
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We recently developed a method [3] based on quasi-isothermal—quasi-isobaric
thermogravimetry (Q—TG) [4—6] and DTA investigations. This method can be applied
with advéntage to those problems which cannot be solved with conventional methods.
We employed it to determine the missing part of the phase diagram of the C.U.-W.
system.

Experimental

Materials

For the DTA measurements (Fig. 3) C.U.-xW. mixtures containing different amount
of water were prepared by means of the quasi-isothermal—quasi-isobaric technique.

Ca(NO3)7 * 4 Ho0 and CO(NH3)o were mixed in a 1:1 molar ratio, and the
mixture was introduced into a small crucible used for DTA measurements; this was
then placed in the centre of the labyrinth sample holder. Thereafter, regular Q-TG
experiments were carried out, with the difference that they were interrupted at the
moment when the calculated amount of excess water had departed from the system.
Before the DTA examination, the system was solidified by cooling at — 15°. It was
observed that the C.U.-xW. systems are inclined to supercooling, but if the cooled
viscous material is stirred with a needle or if microcrystals of C.U.3W. are added,
solidification is immediate.

For the Q—TG measurements (Fig. 5) C.U.-xW. systems of various compositions
were prepared in essentially the same way, but with the difference that the samples
were placed directly in the labyrinth crucible and were examined without deep-
cooling; it was not necessary here to obtain a well-defined solid phase because the
material melted anyhow during the Q—TG measurements.

Experimental conditions

The conventional DTA [6] and Q—TG measurements [4—6] were carried out with
a Q-Derivatograph {Hungarian Optical Works, Budapest).

Figure 3 illustrates the DTA curves recorded for Ca(NO3)o—CO(NH3)2 systems
containing 4, 3, 2.5, 1.75, 1.5, 1.25, 1.0, 0.7 or 0.4 moles of water (curves 1—10).
The weight of the samples was about 50 mg. The heating rate was 0.5 degree min—1.

Q-TG curves for the systems containing 4, 3, 2, 1.5, 1.0 and 0.5 moles of water
{curves 1—6) were also recorded and are shown in Fig. 5. The labyrinth crucible
[6—~7] was used with a transformation rate of 0.3 mg min—1 and a sample size of
about 500 mg.

Procedure, discussion

DTA examinations were first performed with solid C.U.-W. systems containing
different amounts of water in order to determine the missing part of the phase diagram
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{Fig. 2). On cooling, the system C.U.-4W. yielded first the solid C.U.3W. complex, and
thereafter, at a temperature below 0°, an eutectic mixture of C.U.3W. and ice
separated. In the DTA examination the same processes took place, but in the reverse
direction. The DTA apparatus did not permit measurements below 0°, so we could not
observe the melting of the eutectics. The wide spectrum of curve 1 in Fig. 3 indicated
only the subsequent process. According to this, the liquid formed from the melted
eutectics immediately began to dissolve the remaining solid C.U.3W. Due to the
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Fig. 1 Phase diagram of the Ca(NO3)4 - CO{NH;),—H,0 system. isotherms of 0° and 55 °C were
determined by {1} while isotherms of 20° and 40 °C by (2]
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Fig. 2 Phase diagram of the binary system: Ca(NO3), « CO{NHj3) »—H»0 {C.U.-W.)
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character of this process, it extended over a rather wide temperature interval. It would
therefore be senseless to give the “onset’’ temperature, and it was more correct to
characterize the process by its peak temperature. In the present case this is 59° and
can be interpreted as the temperature at which the dissolution of C.U.3W. is com-
pleted. This point is indicated in the phase diagram of the binary C.U.-W. system
(point a in Fig. 4).

It can be assumed that only the pure C.U.3W. complex could separate from the
solution of the system C.U.3W. Consequently, the DTA peak at 60° in curve 2 in
Fig. 3 indicates the melting of the complex. This is in good agreement with the litera-
ture data. Otherwise, as could be expected, the transformation temperature was the
highest in this case (point b in Fig. 4).

In curves 3—7 in Fig. 3 the DTA peaks at 28° indicate the melting of the eutectic
mixture of C.U.3W. and of water-free C.U. (points i—n in Fig. 4}, while the peaks at
58, 63, 50, 46 and 42° denote the end of the dissolution of the solid C.U.3W. complex
{points c—g in Fig. 4).

In curve 8 in Fig. 3 only a single peak appears at 28°, demonstrating that the com-
position of the eutectic mixture was C.U.:W = 1:1 (molar ratio). This also means that
in systems which contain less water than this molar ratio the solid C.U.3W. could be
present only in the eutectics.
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Fig. 3 DTA curves of solid Ca(NO3)y « CO(NH3),—H20 (C.U.-W.) systems with various water
contents
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Fig. 4 Phase diagram of the binary system Ca{NOg3); - CO{NH3)3—H,0 {C.U.-W.). The already
known phase line (B—E) completed by sections (a—~# and i—p) obtained on the basis of
DTA measurements

This is supported by the fact that in curves 9 and 10 in Fig. 3 we cannot detect any
peak indicative of the presence of C.U.3W. apart from the peak at 28° which indicates
the melting of the eutectics (points 0 and p in Fig. 4).

Since the literature does not report hydrates which contain less water than C.U.3W.
does, we presumed that to the right-hand side of the eutectic point, and above it,
equilibrium is established between the anhydrous salt and the selution.

In order to determine approximately the stability region of the anhydrous complex
in addition to the eutectic point, at least a further single point in the phase diagram
had to be determined, at which equilibrium exists between the solution and the solid
anhydrous complex. The boiling point of the saturated solution can beé used for this
purpose. This can be determined relatively easily and exactly by means of Q—TG
measurement [3].

In the present case we traced the Q—TG curves (curves 1—6 in Fig. 5} for six
systems containing different amounts of water. The manner of interpretation of the
Q-TG curves is somewhat different from that for TG curves [6]. For example, Q—TG
curve 2 in Fig. 5 can be interpreted in the following way. The C.U.3W. complex
melted at 60° (point b), but under the given conditions (labyrinth crucible) the
initially saturated, but later unsaturated solution did not begin to lose water up to
135° (straight section up to point s).

The solution began to boil at 135° (point s) and gradually lost water, its con-
centration increasing along with its boiling point (curve section s—z). At 200° the
solution became saturated (point 2). Thereafter, the solution continued boiling,
losing water gradually, but its concentration did not change further because the solid
anhydrous salt separated out in an amount proportional to the amount of the de-
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parting water. Since the composition of the saturated solution did not change, its
boiling point stayed constant too, while the solution and the solid phases remained
in equilibrium with one another. This gave the missing point.

In Fig. 5 the further courses of the Q—TG curves {curve 1—6) relative to one
another prove that the boiling point of the unsaturated solution changes as a func-
tion of the composition for the other C.U.-xW. systems in the same way as observed
in the case of curve 2. This change has also been indicated in the phase diagram
{curves 1—6 in Fig. 6). All of these curves meet at a single point, i.e. at the boiling
point (point z) of the saturated solution at 200°, with a composition 97%
Ca(N03)2 ¢ CO(NHQ}Z and 3% Hzo.

Temperature ,°C

10

m,%

Fig. 5 Q—TG curves of solid CalNO3)s « COINH3),—H,0 {C.U.-W.) systems containing various
amounts of water

The unknown part of the curve in the phase diagram, starting from the eutectic
point {(point A}, and along which the saturated solution is in equilibrium with the
solid anhydrous salt, must pass through point z.

it can therefore be supposed that no serious error wilf be made if these two points
are connected by a straight line and this line is regarded as belonging to the phase
diagram.

In the present case the phase line ends at point 2. Earlier results indicated that when
the last traces of water are driven from the system, the anhydrous C.U. complex
hitherto stabilized by water immediately decomposes to its components and the urea
then begins to decompose {7].

The steep slope of the phase line h—z determined in this way also explains why
only a single peak appeared in DTA curves 9 and 10. After the eutectic of the solid
containing 0.7 and 0.4 mole water meited, the liquid formed began to dissolve the
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Fig. 6 Phase diagram of the binary system: Ca(NO3), « CO(NH3),—H,0 (C.U.-W.). Phase line
B—E aiready known the new phase lines a—h and /—p constructed on the basis of DTA
curves while section h—r on the basis of the Q—TG curve. Curves 1—6 illustrate the changes

in the composition of the C.U.-xW. systems against temperature in the course of the Q—TG
examination
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Fig. 7 New phase diagram of the binary system: Ca{NO3) » CO(NH,),—H50 (C.U.-W.), G: water
vapour, L: liquid, e: eutectics

solid anhydrous salt, but in a process associated with a relatively small thermal effect.
In the case of curve 9, this extended over a temperature interval of about 100°, while
in the case of curve 10 the range was even broader. For this reason the DTA apparatus
was not able to sense the thermal effect.
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During the boiling in the labyrinth crucible, the liquids formed from systems with
various water contents were in contact with water vapour at atmospheric pressure
(ca. 100 kPa), and so the saturation of the solutions took place under quasi-equilibri-
um conditions. Hence, it is easy to see that the section r—z of the phase line in Fig. 7
is identical with the corresponding section of the equilibrium tension curve of the
C.U.-W, system.

The authors are indebted to Prof. E. Pungor and Prof. E. Bulewicz for valuabie discussions.
They thank Mrs M. Kiss and Miss |. Fabian for technical assistance.
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Zusammenfassung — Das Phasendiagramm des Systems Ca{NO3), - CO(NH3),—H,0 {C.U.-W.)
ist nicht fir das Gebiet mit weniger als 25% Wasser bekannt, da herkdmmliche Léslichkeitsunter-
suchungen nicht zur Bestimmung von Laslichkeitsgleichgewichten zwischen sehr konzentrierten
und viskosen Losungen und festem C.U. geeignet sind. Der unbekannte Teil des Phasendiagramms
wurde mittels thermoanalytischer Methoden ermittelt.

DTA-Untersuchungen ergaben, dass sich C.U.3W. aus 7—21% Wasser enthaltenden Ldsungen,
C.U. dagegen aus konzentrierteren Losungen abscheidet.

C.U.3W. und C.U. biiden eine eutektische Mischung mit einem Schmelzpunkt von 28°C und
einer Zusammensetzung C.U.3W.:C.U. = 36:64. Quasi-isotherme/quasi-isobare Thermogravimetrie
ergibt fir die an C.U. gesattigte Ldsung einen Siedepunkt von 200°C. Das C.U.:W.-Verhaltnis
dieser Losung ist 97:3. Der Verlauf der Dampfdruckkurve des Phasendiagramms wurde durch
Untersuchung von unterschiedliche Wassermengen enthattenden Systemen bestimmt.

Pesiome — ®asosan auarpamma cuctembt Ca(NO3); - CO(NHz)3—H,0 (B paneheiiwem oBosua-
yena kak K.M.-B.) HenssectHa B O6nacTAx, coaepxaiimx menbise 25% BoAbl, TakK Kak Tpaau-
LMOHHbBIE OMpPEAENeHuA PacTBOPUMOCTM HenpuemneMbl ANA ONPEAENeHNA PaBHOBECHON pacTso-
PUMOCTH ME@XAY O4eHb KOHUEHTPUPOBAHHLIM N BA3KNM DACTEOPOM, € TAKXKE MEXAY TBEpAbIM
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K.M. C nomouislo TepmoaHannTUUeCKux MeToaos 6bina onpeaeneHa Heuw3BecTHar o6nacTe dhaso-
soi amnarpammsl. OTA uccnesosaHnA nokasanu, yto K.M.3B. BbiaenreTca U3 pacTBOpoB, CO-
Aepxkauinx 7—21% soabl, Toraa Kak 6essoanan K.M. BbiaenAeTcA n3 6onee KOHLEHTPUPOBaHHbLIX
pacTeopos. K.M.3B. u K.M. 06pa3syioT aBTexTU4eCKyt cmeck coctaBa 36 :64% u ¢ TOUKOR Kurne-
HuA 28°C KBa3nWM3OTEPMMUYECKaA—KBa3un3o6apHaA TepMOrpaBUMMETPUA NOKasana, YTo TOYKa
KUMEHWA pacTeopa. HachiteHHOro no oTHoweHubl k K.M. (coctasa K.M.:B. = 97:3%), pasHa
200°C. Myrem uccneaoBaHWA CUCTEM C PasNMuHbIM KONWYECTBOM BOAbI, Gbin onpepsenex xof
KPUBO#H HaTAXeHUA (ha3oBoON Auarpammel.
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