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ABSTRACT 

Metallurgical wastes are often used in the production of fertilizers 

with zinc as a micro-element. They contain, besides zinc oxide, high 

concentrations of iron, calcium, magnesium oxides and a large number 

of other components. which hinder the observation and explanation of 

the resulting reactions and compounds. 

The subject of this paper is the application of thermal and chemical 

analysis and x-ray powder diffraction in the investigation of the re- 

action of ammonium nitrate melt with solid zinc oxide and the charac- 

terization of the formed compounds_ 

The results obtained show that oxide reacts with ammonium nitrate 

forming water-soluble zinc nitrate hexahydrate - Zn(N0 3 *.6H20 and le: 1 

water - soluble compound, which has been characterized as complex zi- 

nc nitrate hydroxide hydrate - Zn5(N03 )2(OH)8.2H20. 

Their content increases with the increase of zinc oxide concentration 

in the system. 

INTRODUCTION 

There are no data in the literature on the reaction between solid 

zinc oxide and ammonium nitrate melt. 

It is known that zinc oxide dissolves in acids, and that by the hydro- 

lysis of zinc salt solutions, under definite conditions of pH 

it redepostits aszinc oxide.Zinc hydroxide is dissolved in ammonia so+ 

lution, by which process its solubility increases with increase 
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in the concentration of ammonia in the system with the formation of 

complex hydroxide /Zn(NHq)2/(OH)2/1,2/. 

Zinc nitrate, in water suspension, at a temperature of 2o°C to 7o°C, 

by the addition of sodium hydroxide forms basic nitrate of the follo- 

wing structure: Zn5(OHlg(NO ) 
3 2' 

2H20 13 1. Water suspension of zinc 

nitrate by the addition of ammonium hydroxide behaves in the same way 

13 / . More extensive investigations of the system ZnO-N205-H20 have bee 

carried out, which showed that the structure of basic zinc nitrates ie 

changed depending on the conditions used /4/. By introducing ammonia i 

to the system, as well as basic nitrates, zinc oxide deposit is also I 

parated 141. More attention has been paid to the thermal investigatior 

of basic zinc nitrates /5-7/. 

In view of the available data, the heterogeneous reaction of solid zi- 

nc oxide with ammonium nitrate melt, required special investigation. 

EXPERIMENTAL 

The investigations have been carried out with ammonium nitrate melt 

and solid zinc oxide of p.a. quality. The conditions simulated those 

in the lime ammonium nitrate industrial production_ 

Into 95% ammonium nitrate melt, at a temperature of 135'C, zinc oxide, 

as a powder, in the quantities of 0.25; 0.50; 0.75; 1.00; 1.50; 5.00; 

10.00 and 15.00% (mass) was added. The content of ammonia over a 

reaction time of 30 minutes was determined in the gaseous products 

of the reaction Ia/, and the chemical analysis of the residual solid 

phase was carried out, its thermal changes were studied by 

differential thermal and differential calorimetric analysis, and its 

structure by x-ray diffraction of the crystal powder. 
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RESULTS AND DISCUSSION 

The results of the chemical analysis of the investigated samples are 

shown in the Table 1. The results show that. with increase of zinc ox- 

ide concentration in the system from 0.25 to 5.0%, the percentage of 

the decomposed ammonium nitrate, calculated according to the quantity 

of the evolved ammonia, increases, and practically does not change to 

a zinc oxide content of 15.0% (mass.). 

The content of ammoniacal and total nitrogen, determined according 

to the Kjeldahl destillation method, shows a tendency of decrease witt 

the increase of zinc concentration in the samples. The difference be- 

tween the theoretical content of nitrogen, calculated according to thf 

quantity of ammonium nitrate put into the system and the values of the 

experimental results for the total content of nitrogen as the loss of 

nitrogen from the system, shows an increase ranging from 0.40 to 1.287 

(mass ). 

The zinc content in water soluble form increases from 0.23 to 1.02% 

(mass) with the increase of zinc oxide concentration in the system fr- 

om 0.25 to 1.50% and with further increase in zinc oxide to 15.00%, tht 

content of zinc in water soluble form decreases to 0.84% (mass). 

The results of the chemical analysis show that the content of zinc in 

water soluble form is 3 to 14 times higher than expected on the bas- 

is of the quantity of the decomposed ammonium nitrate, but lower than 

expected according to DTA, DSC and x-ray diffraction results. 

Table 1 also shows the results of the nitrogen contents determined 

by DSC, according to the energy of crystal transformation II4 I of 

ammonium nitrate /9/. According to these results the loss of nitrogen 

in the investigated samples increases from 2.21 to 5.76%. This means 

that the decomposed quantity of ammonium nitrate during the reaction 

with solid zinc oxide is higher than the results obtained by chemical 

analysis. The evolved ammonia remains in the system and probably for- 

ms some ammonia zinc complexes. 
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The content of zinc is determined in water soluble form. In water so- 

lution, in the presence of ammonium ion, zinc nitrate probably forms 

basic nitrate or perhaps oxide. 

The Fig.1 presents the DSC curves of ammonium nitrate samples with di- 

fferent zinc oxide contents. The DSC curves show the presence of tri- 

gonal into cubic ammonium nitrate transformation /II-+ I/ and its 

- 
melting and with the increase in t.i 

contents of zinc oxide also the trz 

nsformation of rhombic into trigonz 

/IV-+II/ crystal form of ammonium r 

trate and three small peaks at 50' 

57Oc. about 15oC and 09'C 
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Fig.1 DSC curves of the samples 

of ammonium nitrate (AN) with the 

different zinc oxide content 
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Fig.2 DSC and EGD curves of the 

samples of ammonium nitrate with 

10.0% of zinc oxide before (cur-v< 

1 and 1') and after heating the : 

me sample at 170°C (curves 2 and 
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to 92'C which cannot be ascribed to ammonium nitrate changes. 

Fig.2 presents the DSC and EGD curves of the samples of ammonium nit- 

rate with 10.0% of zinc oxide before and after treatment at 170°C. The 

DSC and EGD curves before treatment show the peaks between 75'C and 9c 

which represents dehydration of some crystal 'hydrate present. 

Fig.3 presents the DSC and EGD curves of the insoluble part In the wat 

of the sample of ammonium nitrate with 10.0% of zinc oxide, before ant 

after treatment at 17o'C. The peaks at 125'C and 155'C can be ascribec 

to the dehydration and destruction of the basic zinc nitrate Zn5(N03 ), < 
(OH)6.2H20. The peak at 330°C corresponds to the destruction of zinc 

nitrate. 
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Fig.3. DSC and EGD curves the insoluble part in the 

water of the sample of ammonium nitrate with 10.0% 

of zinc oxide before (curves 1 and 1') and after he- 

ating at 170°C (curves 2 and 2') 

The x-ray powder diffraction shows the presence of zinc nitrate hexa- 

hydrate Zn(N03 In. 6H20, basic zinc nitrate - zinc nitrate hydroxide hy 

drate Zn5(N03 12(OH)6_2H20 /lo/, zinc oxide and ammonium nitrate. 

The contents of zinc nitrate hexahydrate and basic zinc nitrate incre 

ase with the increase of zinc oxide contents in the sample. The dehyd 

ration of basic zinc nitrate at 125'C and its conversion to zinc nit- 

rate at 155'C /Fig.4 and Fig.5/. 
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Fig.4 The results of the 

x-ray powder diffraction 

the samples of ammonium n 

trate: 

1. without ZnO; 

2. with 1.0% ZnO; 

3. with 5.0% ZnO; 

4. with 10.0% ZnO; 

5. sample with 10.0% ZnO 

after heating at 65'C; 

AN - ammonium nitrate 

Z - basic zinc nitrate 

Zn5(N03 ),(oH)3.2H20 

N - zinc nitrate hexahydr 

Zn(N03 j2_6H20 

Fig.5 The results of the 

x-ray powder diffraction:t 

insoluble part in water of 

the sample of ammonium nit 

rate with 10.0% ZnO (1; an 

the same sample after heat 

ing at 150°C (2) 

AN - ammonium nitrate 

2 - basic zinc nitrate 

Zn5(N03 ),(OH)3.2H20 
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CONCLUSIONS 

The investigations of the reaction of ammonium nitrate melt with so- 

lid zinc oxide, according to the results of chemical analysis, DTA, 

DSC and x-ray diffraction, show that the components react forming wa- 

ter soluble zinc nitrate Zn(N03 )2. 6H20, and less water soluble basic 

zinc nitrate Zn5(N03 )2(OH)8_2H20, the contents of which increased wi- 

th the increase of zinc oxide content. and probably some ammonia zinc 

complexes which could not be found in the system with the methods use 
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