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Mass balance calculations of processes of ammonia saltpeter
thermal decomposition and nitric acid absorption of ammonia

The ability of ammonia saltpeter to decompose at elevated temperatures causes a rather serious concern both
its manufacturers and its consumers as for this reason the ammonia saltpeter quality and value meet the mod-
ern market requirements in incomplete measure. The purpose of present research is the material assessment of
effect of the ammonia saltpeter solution concentration on its thermal decomposition degree, and also determi-
nation of conditions of as much as possible complete recycling of the product of its decomposition —
ammonia — using a water solution of nitric acid. Scientific-applied importance of the research lies in the fact
that its results will allow us to solve the questions concerning the quantitative dependence of ammonia saltpe-
ter thermal decomposition degree and ammonia recycling on initial concentration of ammonia saltpeter and
nitric acid solutions. During the experiments the quantitative and qualitative changes, observed in the
ammonia saltpeter and nitric acid solutions, were judged by readout of the pH instrument placed in the ab-
sorption medium. It was established, that the higher the ammonium nitrate concentration and the lower the ni-
tric acid concentration in their initial solutions are, the lower the ammonia saltpeter thermal decomposition
degree is. And vice versa, the lower the ammonium nitrate concentration and the higher the nitric acid
concentration in their initial solutions are, the higher the ammonia saltpeter decomposition degree is. The
experimental study was implemented using a modelling laboratory installation, which can be recommended
to use at the development of an industrial technological line of ammonia recycling.

Keywords: ammonia saltpeter, ammonia, nitric acid, absorption, solution, thermal decomposition, technology,
production

Introduction

It is generally known that ammonia saltpeter is inclined to thermal decomposition [1]. As a result a
certain part of marketable ammonia saltpeter, both at plant conditions and at its storage, transportation and
practical use as a basic nitrogen-containing fertilizer, is irrevocably lost decomposing into nitric acid and
ammonia. Simultaneously its qualitative measures and consumer properties become worse. For this reason
obtaining the reliable information about the scale of nitrogen loss and material damage of the ammonia
saltpeter thermal decomposition is of great importance.

At present judging by the published data including the latest information [2], balance data about the
weights of thermally decomposed part of ammonia saltpeter and products of its decomposition — ammonia
and nitric acid — are absent. In addition there is no sufficiently scientifically and experimentally substantiat-
ed information about recycling the gaseous product of the ammonium nitrate thermal decomposition —
ammonia [3]. In this connection planning and organization of researches connected with working out of mass
balances for the processes of ammonia saltpeter thermal decomposition and nitric acid absorption of ammo-
nia are actual problems. For solving the assigned research tasks the experimental setup has been developed,
which allowed us practically completely to recover the ammonia formed at the thermal decomposition of
ammonium nitrate solutions with various concentrations.

Experimental techniques

The research was implemented under laboratory conditions of chair «Chemical technology of inorganic
substances» of M. Auezov South Kazakhstan State University using model solutions of the ammonia
saltpeter produced at joint-stock company «Kazazot» [4] with concentration of 7.45 mol/l and 11.76 mol/l. All
the solutions contained the same mass of the granulated ammonia saltpeter. Nitric acid water solutions with
concentration of 0.05 mol/l, 0.1 mol/l, 0.2 mol/l, 2.0 mol/l were used as absorbents. In all cases the residual
nitric acid content in a waste absorption solution was determined based on the consumption of a 0.1N sodi-
um hydroxide solution used for its neutralisation. At implementation of the experiments a temperature re-
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gime of the ammonium nitrate thermal decomposition from its solutions was maintained by means of a
thermostat (LOIP LT-200); the working solution used in the thermostat was a water-glycerine mixture. It
made possible to heat an ammonia saltpeter solution in the thermostat to 150 °C.

A main indicator of course of the experiments was pH of an ammonia saltpeter initial solution and a fi-
nal water nitric acid solution. For measurement of pH of the above mentioned solutions we applied an ion
meter [-160 MI. The experimental laboratory setup is represented in Figure.

1 — a thermostat LOIP LT-200; 2 — an ammonia saltpeter solution; 3 — a nitric acid solution;
4 — an ion meter [-160 MI; 5 — a backflow condenser; 6 — a drop catcher; 7 — an adopter; § — electrodes

Figure. The model experimental installation for studying the ammonia saltpeter thermal decomposition
and nitric-acid ammonia absorption processes

An ammonia saltpeter solution of the necessary concentration was poured in flask (2) which was tightly
closed with the cover with drop catcher (6) built-in in it. The drop catcher was connected to backflow water
condenser (5), which output end was joined to adopter (7). The lower end of the adopter was dipped into an
absorption nitric acid solution in absorber (3). A vessel with the ammonia saltpeter solution was immersed in
the thermostatic liquid in thermostat (1). Electrodes (8) of ion meter (4) were placed in the absorber filled
with a nitric acid solution (3). The thermostat maintained the specified temperature regime of boiling the
ammonia saltpeter solution (110 °C for concentration of 7.45 mol/l, 120 °C for concentration of 11.76 mol/l).
At the specified temperatures the ammonium nitrate, contained in the solutions, was partially decomposed
according to the reaction:

NH;NO; — NH; + HNO; N

At the steady boiling conditions the water vapour and gaseous ammonia liberated from the ammonia
saltpeter solution in the flask were fed in the backflow water condenser, where they condensed and became
cool, and then they mixed with the nitric acid solution in the absorber. As a result, the volume of the nitric
acid solution was increasing at its simultaneous neutralisation with the gaseous ammonia giving an ammonia
saltpeter solution under the reaction:

NH3 + HNO3 —>NH4NO3 (2)

In the sequel when a certain part of the water, contained in the solution, has been evaporated, the solu-
tion concentration has increased, and the solution in the thermostat has stopped to boil at the given
temperature we specified the following temperature regime corresponding to the boiling temperature of the
solution with raised concentration. In the process the new concentration and boiling temperature of the
investigated solution were determined each time by means of the calculation taking into account the weight
of the evaporated water which has got to the absorber together with the absorbed ammonia. Transition from
the water solution of ammonia saltpeter to its melt with the final boiling temperature not above 150 °C was
the indication of the termination of the ammonia saltpeter thermal decomposition process.
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Results and Discussion

The data about the initial and final composition and properties of water solutions of ammonia saltpeter
and nitric acid, and also results of the implemented experiments are represented in Table 1 [5].

Table 1
The initial data and the research results
Ammonia saltpeter solution (AS) Nitric acid solution (NA)
N Initial solution Melt Initial solution Waste absorbent q AS thermal
0. A s ecomposition
Ca 0 Ca 0 Cs 0 Cres > 0 C/'urm > 0
pH mol/l t, °C mol/l t, °C pH mol/l t, °C pH moll t, °C el degree, %
1 | 475]11.76] 25 17.6 200 1.30 | 0.05 25 1.69 | 0.020 27 0.008 0.06
2 | 475 |11.76] 25 17.6 200 1.00 | 0.10 25 1.59 | 0.026 27 0.031 0.26
3 480 |11.75] 25 17.6 200 | 0.70 | 0.20 25 1.24 | 0.058 27 0.056 0.40
4 |5.10|745| 25 17.6 200 | 0.21 | 2.00 25 0.68 | 0.210 30 0.415 5.50

Material calculations of the studied process were performed on the basis of the data presented in
Table 1, which are the arithmetical mean of not less than three experiments. The calculations were made for
1000 kg of ammonia saltpeter. Taking into consideration the standard requirements to its quality according to
State Standard 2—2013 [6] this quantity contains 988 kg of pure ammonia saltpeter.

Results of the mass balance calculations are represented in Tables 2, 3.

Table 2
Initial material balance data on a composition of experimental ammonia saltpeter
and nitric acid solutions per 1000 kg of dissolved ammonia saltpeter
No. Initial ammonia saltpeter solution kg No. Initial nitric acid solution kg
1 |NH4NO; 1000 1 HNO;_ (100 %) 6.3
including: 2 H,O0 solvent 494.5
NH4NO; 988
H,0 (1 %) 9.98
Insoluble residue (0.2 %) 2.00
HNO; initial residual 0.0123
2 |H,O solvent 400
Total mass 1400 Total mass 500.8
Table 3
Final balance data on a composition of waste experimental ammonia saltpeter
and nitric acid solutions per 1000 kg of initial dissolved ammonia saltpeter
No. Final ammonia saltpeter solution kg No. Final nitric acid solution kg
1 INH4NO; melt 1006.31 1 |NH4NO; formed 3.936
including: including:
NH4NO; 984.06 NH;absorbed 0.836
H,O 17.14 HNO; (100 %) neutralized 3.100
Insoluble residue 2.00 2 |HNO; (100 %) residual 3.200
HNO; initial residual 0.0123 3 |H,O solvent 494.50
HNO; (100 %) formed 3.1 H,O condensed 392.84
Total mass 1006.31 Total mass 894.48

As follows from the data of Tables 2 and 3, at the conditions of the experiment 3 (Table 1) only
3.936 kg of ammonia saltpeter was decomposed from its general mass of 988 kg. The residual mass of
ammonia saltpeter in the melt formed was 984.06 kg. Thus the ammonia saltpeter thermal decomposition
degree is 0,4 %. As the result of thermal decomposition of the above mass of ammonia saltpeter under
reaction (1) 0.836 kg of gaseous ammonia was formed, which reacts with the nitric acid contained in the ab-
sorption solution in the absorber according to reaction (2) again forming 3.936 kg of ammoniac saltpeter.
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During the boiling the initial ammonia saltpeter solution the condensed water vapour formed in the backflow
condenser in quantity of 392.84 kg also incomes in the absorber simultaneously with the gaseous ammonia.
Thus, after termination of experiment 3 the flask 2 contained 1006.31 kg of the ammonia saltpeter melt
formed of 1400 kg of the initial ammonia saltpeter solution, and the weight of the absorption solution in the
absorber increased from 500.8 kg to 894.48 kg, respectively.

On the basis of the above mentioned data obtained during the studying the ammonia saltpeter decompo-
sition and nitric acid absorption of the decomposition product — ammonia — we calculated the mass
balances of the studied processes on nitrogen (Table 4).

Table 4
Nitrogen content in initial and waste experimental solutions of ammonia saltpeter and nitric acid

No. Nitrogen content kg No. Nitrogen content kg
1 2 3 4 5 6
1 |In the initial ammonia saltpeter solution: 1 |In the final ammonia saltpeter solution:
in NH4;NO;dissolved 345.80 in NH;NO;melt 344.40
in HNOsinitial residual 0.0027
in HNOj initial residual 0.00274 in HNOj; (100 %) formed 0.6888
2 |In initial nitric acid solution: 2 |In final nitric acid solution:
in HNOjs (100 %) 1.40 in NH4NO;formed 1.3776
in HNOj; (100 %)residual 0.711
Total mass 347.20 Total mass 347.20
Conclusions

The obtained results allow us to draw the following conclusions:

1. For the first time in research practice the reliable balance data about thermal decomposition of am-
monium nitrate in its boiling solutions and nitric acid absorption of the decomposition product — ammo-
nia — have been obtained.

2. It was established, that at the specified concentration of the initial ammonia saltpeter solution
(11.76 mol/l) with increase in nitric acid concentration in the sorption solution the ammonia saltpeter
decomposition degree increases approximately in 8 times and makes 0.06 % and 0.40 % at concentration of
the sorption solution of 0.05 mol/l and 0.20 mol/l, respectively. It was also noticed, that the simultaneous
decrease in ammonia saltpeter concentration in the initial solution (to 7.45 mol/l) and increase in nitric acid
concentration in the absorption solution (to 2.0 mol/l) leads to the sharp increase in the ammonia saltpeter
decomposition degree (to 5.57 %). These facts can be logically explained as a consequence of the well-
known Le Chatelier principle.

3. The assembled and successfully tested experimental setup can be really used as a prototype for de-
velopment of industrial technological lines for recycling and utilization of ammonia; that is especially
important with reference to manufacture of ammonia saltpeter of nitric acid and gaseous ammonia. At the
same time, as follows from the analysis of the data obtained, it permits us almost completely to exclude the
losses of the raw materials and products unavoidable on operating enterprises.
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AMMHAK CeJIMTPACHIHbIH TEPMUSIIBIK bIABIPAYBI :KOHE AMMHAKTBIH 230T
KBIIIKBLIIBI A0cOpO1IHACH] YpAICTepiHiH 0aJaHCTHIK MaTepHAIbIK ecenTeyJiepi

AMMHAK CeIUTPachl OHAIPYIIiIepi MEH TYTHIHYIIBUIAPBIH OHBIH TEPMUSUIBIK bIABIPAayFa KaOlIeTTiIIIr, OChIFaH
0ailIaHBICTBl OHBIH CamnajblK JKOHE KYH/BUIBIK KOPCETKIIITEpiHIH 3aMaHayd HapblK TalalnTapblHa COWKec
KeJIMEYiHEH eleylli anaHaaryna. AMMHAK CeJIMTPAChl ePiTiHAICI LIOFBIPIAPBIHBIH OHBIH TEPMHUSUIBIK BIIBIPAY
JIOPSIKECIHE OCEPiH JKOHE BIABIpAY OHIMI — aMMHAKTBIH a30T KBIIIKBUIBIHBIH CYAaFbl epiTiHAiciHIe
MYMKIHIIKTi TOJBIKTal Mafigara acbIpy MIapTTapbIH CaHBIK Oaraay »KYMBICTBIH MaKCaThl OOJIBIT TaObLIa/IbI.
JKYMBICTBIH ~ FBUIBIMH-KOJJAHOATBIK MAHBI3ABUIBIFEl  OHBIH ~HOTIXKENEPIHIH aMMHaK —CEJIMTPACBIHBIH
TEPMUSJIBIK BIABIPAYbl MEH aMMMaKThl Taiifjara achpy AOpPEXKENepiHiH, aMMHAaK CEIMTPAChl JKOHE a30T
KBIIIKBUIBI epITIHAUIepiHiH 0acTanKpl MIOFBIpIapblHA KATBICTHI CAHIBIK TOYEJAUTIKTepre OaillaHbICThI
CypakTapra aKbIHIBUIBIK OepyiHae. AMMHAaK cenuTpacsl MeH abGCopOeHTTIK OacTamkbl epiTiHAUTIK
opranapaa OaiiKaJblHATBIH CaHIBIK JKOHE Camaiblk e3repicrep Typamsl Moanimerrep pH-meTpaig
KOpCETKIIITepl apKbUIbl TaralbIHAaIAbsl. bacTamnkel epiTiHIilepie aMMHaK CeJIUTPAchl epiTiHJICI IIOFBIPHI
HEFYPJIBIM KOFaphbl, ajl a30T KbILIKbUIbI ePiTIH/IICI IOFBIPBI HEFYPJIBIM TOMEH 60Jica, aMMHAK CEIUTPACHIHBIH
TEPMHUSUIBIK BIIBIPAY JIOPEKEC] COFYPIIBIM TOMEH OOJATHIHBI JKOHE KEpIiCiHIIe, aMMHAK CEJIUTPACHl epiTiHmic
LIOFBIPBI HEFYPJIBIM TOMEH, all a30T KBIIIKBUIBI €PITiHAICI LIOFBIPBI HEFYPIIBIM JKOFapbl 60JICa, COJFYPIIBIM
aMMHaK CEIMTPACBIHBIH TEPMMSUIBIK bIAbIpAY AOPEXKECi MKOFapbl OONAThIHBI aHbIKTaIbL. ToxxipuOenik
3epTTey/iep aMMHUAKThl Maiara achIPYAbIH OHIIPICTIK TEXHOJOTMSUIBIK KETICiH JalblHIay/Aa KOJJaHbUTyFa
YCBIHBIA JIBIHATBIH MOJICJIbIIK 3€PTXaHAIIBIK KOH/BIPFbIA OPBIHAAIIBI.

Kinm ce30ep: aMmuax ceiumTpachl, aMMHaK, a30T KbIIIKbUIbI, aOCOPOLUs, €pITiHIl, TEPMHUSUIBIK BIABIPAY,
TEXHOJIOTHsI, OHJIIpIC.

V. bectepekos, A.Jl. Keigsipanuesa, M. A. [leTponaBioBcKui,
M.M. Eckenauposa, K.H. Ypakos, 1. A. [lounTtankuna, A.A. boibicoek

BbanancoBble MaTepuaibHbIE PacyeThl IPOLECCOB TEPMHUYECKOT0 Pa3JI0KEHUS
AMMMAYHOM CeJIMTPbI U A30THOKUCJIOTHOM a0CcopOuMu aMMHaKa

CnocoOHOCTE aMMHAYHOI CENTUTPEI K TEPMUUECKOMY PA3JIOKEHHIO BCE CIle BBI3BIBAET JOCTATOYHO CEPhE3-
HYIO 03a004€HHOCTb KaK y €€ IPOMU3BOJUTENCH, Tak U y MOTpeOUTeINIeH, Tak KaK BCIEACTBHE 3TOTO KauecTBO
W [EHHOCTb aMMHAYHOH CEIUTPHI HEJOCTATOYHO IOJHO OTBEYAIOT COBPEMEHHBIM PHIHOYHBIM TPEOOBAHUSIM.
Iens paboTsl — MaTepuaibHas OIEHKA BIMSHHS KOHLEHTPAUH PacTBOpa aMMHAYHOM CEIUTPHI HAa CTEHECHb
€€ TEPMUUYECKOTO PA3JIOKEHHs, a TAKXKE BBISICHEHHE YCIOBHUII MaKCHMAJbHO IOJHOM yTHIM3aIlUU MPOAYKTa
ee pacrajia — aMMHaKa — BOJHBIM PacTBOPOM a30THOM KHCIOTH. HayuHo-npukiagHas 3Ha4NMOCTb pabOTHI
COCTOMT B TOM, UTO €€ PE3yJbTaThl BHECYT SICHOCTh B BONIPOCHI, KACAIOLIHECS KOJIMUECTBEHHOH 3aBUCHMOCTH
CTENEHH TEPMHUUYECKOTO pa3/oKEHHs aMMHUAuHOM CEeIMTphl M YTWIM3aLUM aMMHaka OT HMCXOJHBIX
KOHICHTPallMi aMMHAa4YHOM CEIHUTPHl M a30THOH KHCIOTHL. O KOJIMYECTBEHHO-KAaUeCTBEHHBIX M3MEHEHHSX,
Ha0JII01aeMBIX B CpellaX UCXOAHBIX PacTBOPOB aMMHUAYHOM CENUTPHI U aGCOpOeHTa, CYIIIIH 110 TOKa3aHHIM
pH-metpa, ycranoBiaeHHOTO B aOCOPOIMOHHON cpene. Y CTaHOBIEHO, YeM BBIIIE KOHIEHTPAIUs aMMHAYHON
CEeJIUTPHl M YeM HIDKE KOHIIGHTpAIUsl a30THOI KHCIIOTHI B MX HCXOIHBIX PAaCTBOpax, TEM HIDKE CTEIEHb
TEPMHUYECKOTO PpAa3JIOKEHHsS aMMHAYHON CENUTPHI, M, HA00OPOT, 4eM HIKE KOHLEHTpPAIMs aMMHA4HON
CEJIMTPBl M YeM BBIIIE€ KOHLEHTPAIMs a30THOM KHUCIOTHI B UX HCXOJHBIX PACTBOpPAax, TEM BBILIE CTENEHb
TEPMHUYECKOTO PA3TI0OKEHUsI aMMHAYHON CEIMTpPBL. ODKCIEPUMEHTANbHBIE HCCIEIOBAHUS BBIMOJIHEHBl HA
MOZENBHON 1a0b0opaTOpHON YCTAHOBKE, KOTOpasi MOXET OBITh PEKOMEHIOBAHA K HCIIOIb30BAHUIO MPHU
pa3paboTKe MPOMBIIUICHHOH TEXHOJIOTUIECKOH JINHUH yTHIM3AIlMY aMMHUaKa.

Kniouesvie crosa: aMmvmuadHast celmTpa, aMMHUaK, a30THas KHCJIO0Ta, a6cop6u1/m, pacTBOp, TCPMUYECCKOEC pas3-
JIOKCHUE, TEXHOJIOT YA, IPOU3BOJACTBO.
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