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Introduction. Bishofite[1]whichmain
compoundismagnesiumchlorideisusedas
an accessible and natural raw material in
order to get ammonium magnesium
phosphates of various composition during
fertilizer[2],antipyrene[3]productionand
otherproduction.

It was also described in [4] how these
complex fertilizers in the form of
NH4MgPO4 ∙ хН2О were got. The detailed
analysis of range of publications was
presentedin[2],andin[5–7],whereitwas
informedaboutvarioussynthesisconditions
of ammonium magnesium phosphates as
well as results of their study by means of
thermalgravimetricandX-rayphaseanalysis.
The data received by various authors in
thesepapersdon’tcorrespondtoeachother.
This is particularly true for chemical

compounds, X-ray characteristics as well as
for interpretation of thermal gravimetric
dataonthebasisofwhichsomeauthorssay
that NH4MgPO4 is decomposed into NH3
and MgHPO4, and other authors ― into
NH3, Н2О and Mg2P2O7 [2]; according to
someresearchers,thisprocessiscarriedout
becauseofcompositionofmagnesiumoxide
and polyphosphates which compose
Mg2P2O7[7]athighertemperatures.

Theknownmagnesiumandammonium
phosphates were got by various authors
mostly from laboratory reagents, the
synthesisofthesesubstanceswiththeuseof
natural bishofite within a wide range of
given[РО4

3-]:[Мg2+]ratioswasnotstudied.
In the view of this, the purpose of this

paper is to study the interaction between
natural bishofite and phosphate acid, and
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Magnesium and phosphate ion
concentration in filtrates were specified by
methods[9].

The dependence of рН of filtration
solutionsofoneof thecross sectionМgCl2
system(ofbishofite)–NH3 ∙Н2О–Н3РО4
–Н2Оonthegivenration=[РО4

3-]:[Мg2+]
wasshowninthefig.1.Inthiscasetwobends
are observed: the first by n = 0,75–2,0 and
рН=5,5–9,5,andthesecondbyn=3,0–4,5
andрН=2,5–5,0.Bothbendsaresituatedin
widerangesnotonlybasicratiosbutalsoрН
which is evidence of complex nature of
interactionandapossibilitytocomposenot
individual substances but mixtures or solid
solutions of variable composition. For
instance,thecompositionofMg5(OH)(PO4)3
∙xH2O[10],NH4MgPO4∙H2O[4],MgHPO4
∙3H2O[2]andMg(H2PO4)2 ∙zH2O[11]is
possible in exploratory conditions. At high
pH values ~9,5 magnesium hydroxyapatite
of lowsolubility,atpH~9,0and less in the
alkaline area – ammonium magnesium
phosphate, at рН ~4,7 – 6,0 – magnesium
hydrogen phosphate [2], at рН less than
4,5– magnesiumdihydrogenphosphatecan
becomposed.

Besidesthesecompounds,verysolublein
water ammonium hydrogen phosphate and

alsotospecifythecompositionandnatureof
generatedprecipitations.

Experimentation and discussion of 
results. As basic substances for study the
solution of natural bishofite from Poltava
fieldwasusedwhichchemicalcomposition
was specified in analytical way [8], and
which,beingminedfromthe2000mdepth,
hasseleniumcontenthundredtimesbigger
thantheEarthcrusthas,phosphateacidand
25% ammonia solution (both reagents are
A.R.purity).

A range of studies with the use of
bishofite, ammonia and phosphate acid
solutionwaspreparedinthefollowingway.
The constant volume of bishofite solution
(3ml,atМgCl2concentration1,86mol/l)
indifferentseriesflaskswasrefilledwiththe
variable volumes of phosphate acid at
concentration2,09mol/lsothatthegiven
ratio [PO4

3-]:[Mg2+] ranges from 0,19 to
5,25. As a precipitation didn’t emerge
thereafter, each sample of transparent
substancemixturesolutionwasrefilledwith
water up to the constant total volume and
then by 7,8 ml 2,18 mol/l ammonia
solution. Since then in most cases the
precipitationemergedinsamplesandafter
thegivenration=[РО4

3-]:[Мg2+]>3,1the
precipitationdidn’temerge.Aftermixture
settlingduring14daysprecipitationswere
filtered out and рН was measured in
solutions(pH-150MI),inordertocalibrate
рН-meterbuffer solutionswithрН=1,68;
6,86and9,18wereused.

The thermal gravimetric analysis was
conducted on derivatograph Q-1500-D of
P. Paulik – L. Paulik – L. Erdey system,
samples tipped the scale of 0,2⋅10-3 kg and
were located in platinum and corundum
crucibles,heatingrate-0,167deg/s;DTA–
250;DTG–500.

X-rayphaseanalysis(XRPA)wascarried
outonDRON-3Mwiththecopperradiation
andcomputerregistrationofX-raypatterns,
thedeterminationerror2Ѳwas±0,04°.

Fig. 1. The dependence of рН of filtration solutions 
of one of the cross section МgCl2 system
 (of bishofite) – NH3 · Н2О – Н3РО4 – Н2О 
on the given ratio n = [РО4

3-]:[Мg2+]
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In the fig. 3 the thermogram of
precipitation got at given ratio n = [РО4

3-]:
:[Мg2+] = 1:1 is shown, which is similar in
nature of thermal effects and their
temperature values to the thermogram of
precipitationgotatn=[РО4

3-]:[Мg2+]=2:1;
it is noticeable due to DTA and TG curves
thatthelossofmassstartsfrom80°С,which
corresponds to two deep endo-effects
imposed on each other; their presence is
explainedbyammoniaandwaterrelease[2],
minimal endo-effect at 276 °С is connected
with the thermolysis of MgHPO4 ∙ хH2O
whichthissubstancehas[5];astothelossof
massat500–530°С(exo-effect),accordingto
data [2] ammonia residua release. There is
onemoreexplanationexcerptforthisone–
at temperatures above 500 °С the hydroxyl
substance group of thermal hydrolysis
impurities or products can eliminate, for
example, magnesium hydroxyapatite
Mg5(OH)(PO4) which content is ~ 3–4 %.
The exo-effect at 500–530 °С is caused by

ammonium dihydrogen phosphate are
composedinthesystematbasicn=[РО4

3-]:
:[Мg2+]>3,1.Thissetofvariousproductsin
theexploredsystemisexplainedbycourseof
concurrentionhydrolysisexchangereactions
involving ions of weak bases Mg(OH)2 and
NH3∙Н2Оaswellasphosphateion.

ThedeterminationofМg2+andРО4
3-ion

concentrationinfiltrationsolutionsisshown
in the fig. 2. The first fracture at basic n =
[РО4

3-]:[Мg2+] = 1 shows that Мg2+ and
РО4

3-goalmostcompletelyintoprecipitation
in these conditions, while at
n=[РО4

3-]:[Мg2+]=2theРО4
3-concentration

inthesolutionstartsitsheavyincrease,and
at given n = [РО4

3-]:[Мg2+] > 3,1 the
precipitation doesn’t emerge anymore
because of acid ammonium phosphate
composition. As neither pH measurement
methodnorresidualconcentrationsolubility
methoddoesn’texplainchemicalnatureof
precipitations,becausetheselectedresearch
objectisacrosssectionofmulticomponent
heterogenic system, separate precipitation
synthesesatgivenratiosn=[РО4

3-]:[Мg2+]=
1:1 and 2:1 were carried out. Emerged
precipitations were studied by means of
chemical, thermal gravimetric and X-ray
phaseanalysis.

Fig. 2. Dependence of residual concentrations 
in filtration solutions of one of the cross section 
МgCl2 system (of bishofite) – NH3 · Н2О – Н3РО4 
– Н2О on the given ratio n = [РО4

3-]:[Мg2+]
Fig. 3. The thermogram of precipitation got 
at given ratio n = [РО4

3-]:[Мg2+] = 1:1
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phasetransitionformedduetothethermolysis
ofMg2P2O7.Ifwecompareresultsofthermal
gravimetric analysis with data [2], we’ll see
thatprecipitationsgotinthispapergivethe
same thermal effects specified both for
NH4MgPO4∙H2OandforMgHPO4∙3H2O.

In order to study the nature of got
precipitationstheywerestudiedbymeansof
X-rayphaseanalysis(fig.4),forcomparison
the weight form NH4MgPO4 ∙ H2O got in
analyticalconditionswasused.Asisshownin
thefig.4,allthreeX-raypatternsareofthe
sametype,havethesamevaluesofanglesof
reflectionwithinthestudyerrorbutdifferin
intensities of separate lines. At that, the
intensityoftheselinesincreasesdownwards
givenn=[РО4

3-]:[Мg2+]andupwardsрНup
to 9,0–9,5. This is only possible if
precipitationsgotatgivenn=[РО4

3-]:[Мg2+]
= 1:1 and 2:1 are phases of variable
composition, for example, хNH4MgPO4∙
уMgHPO4 ∙ zH2O. The found loss of mass
10,29 % corresponds to composition at
х=0,25;у=0,75;z=0.

In order to specify nature of emerged
precipitations completely the number of
magnesium and phosphorus contained in
themaswellaslossofmasswhenfryingupto
600°Сweredetermined,foundΔm=10,30
mass%.

The data of chemical precipitation
analysisindicatesedimentationwhichfound
aration=[РО4

3-]:[Мg2+]=1:1,asangiven
ration=[РО4

3-]:[Мg2+]=1:1,andangiven
ratio n = [РО4

3-]:[Мg2+] = 2:1. That is, it
corresponds to formula 0,25NH4MgPO4∙
0,75MgHPO4.Exactlyfromthisperspective
the differences in interpretation of these
studies of NH4MgPO4 ∙ H2O by various
authors [2] and [5] by means of the same
methodscanbeexplained.

Conclusion
Whennaturebishofitesolutioninteracts

with phosphate acid in the ammonia
mediumwithintherangeofgivenratiosn=
[РО4

3-]:[Мg2+] = 1–2 and at рН filtrates
5,5–9,5, the phase of variable composition
0,25NH4MgPO4 ∙ 0,75MgHPO4 which can
be used during the fertilizer production is
formedintheprecipitation.Fig. 4. X-ray patterns NH4MgPO4 (1) and 

precipitations got 
at given ratio n = [РО4

3-]:[Мg2+] = 1:1 (2) and 2:1 (3)
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допользование. – 2016. – 8, №3–4. – С. 35–39.

Методами рН-метрии фильтрационных 
растворов, определения остаточных концен-
траций ионов Mg2+ и РО4

3-  исследовано взаи-
модействие раствора бишофита с фосфатной 
кислотой  при заданном соотношении [РО4

3-] 
:[Мg2+] = 0,187–5,24. Осадок, который обра-
зуется в результате реакции, исследован мето-
дами химического, термогравиметрического и 
рентгенофазового анализов. Установлено его 
соответствие формуле xNH4MgPO4 •  
yMgHPO4, где х = 0,25; у = 0,75.
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Методами рН-метрії фільтраційних 
розчинів, визначення залишкових 
концентрацій йонів Мg2+ і РО4

3- досліджено 
взаємодію розчину бішофіту з фосфатною 
кислотою при заданому співвідношенні 
[РО4

3-]:[Мg2+] = 0,187–5,24. Осад, який 
утворюється внаслідок реакції, досліджено 
методами хімічного, термогравіметричного 
та рентгенофазового аналізів. Встановлено 
його відповідність формулі xNH4MgPO4 • 
yMgHPO4, де х = 0,25; у = 0,75.
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