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The precipitates containing mainly iron, aluminium and 

magnesium hydroxides, obtained from phlogopite dissolved 

in nitric acid by means of the neutralization procedure 

with ammonia, have been investigated by thermal analysis 

(TG, DTG and DTA). According to the present study, which 

is part of a larger investigation into the chemical util- 

ization of Finnish mica minerals, the formation of solid 

solutions between iron and aluminium hydroxides in silt 

increases with an increasing neutralization temperature. 

Nitrogen exists mainly in the form of nitrate in silts, 

and magnesium forms mixed hydroxides with aluminium, 

which causes a separation between the iron hydroxide and 

magnesium aluminium hydroxide phases. 

The present communication deals with the TG, DTG and DTA 

investigations of hydroxide precipitates containing mainly iron, 

aluminium and magnesium. The precipitate samples were obtained 

from phlogopite dissolved in nitric acid by means of the neutral- 

ization procedure with ammonia. The aim of the work was to study 

the effects of the precipitation temperature and the end pH of 

the neutralization especially on the composition of the copre- 

cipitated nitrogen compounds and the formation of the different 

phases. The present paper continues our investigations into the 

factors affecting the chemical utilization of the Finnish mica 

minerals EI-3~. 

Different ways of utilizing mica minerals both mechanically 

and chemically have been investigated during the recent years. 
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Mica minerals belong to the net silicates, in which crystals 

are made up of parallel planes and exhibit strong two-dimension- 

al and weak one-dimensional bonding. The net silicates split 

very easily into scales. One of the most co~nunon mica minerals 

is biotite, K(Mg,Fe)3Si3(AI,Fe)OIo(OH,F) 2. The mica in the bio- 

tite group is called phlogopite if the Mg/Fe ratio is greater 

than 2. Mineralogically, the mica studied here /mica of Siilin- 

j~rvi/ can be classified as phlogopite /the Mg/Fe ratio is 5.3/. 

It appears as mainly brown, shiny flakes less than 1 mm in cross 

section. 

The goal of the chemical utilization of phlogopite is to 

separate MgO, K20 , AI203 and Fe203 from the SiO 2 and each other, 

and further to convert the separated substances into marketable 

products. The potential products include magnesium oxide, alu- 

minium oxide or hydroxide, potassium and magnesium salts /for 

fertilizers/, and different grades of silica. 

The chemical utilization of phlogopite is made possible by 

the solubility of the cationic elements /Fe, AI, K, Mg/ in 

strong acids, e.g. nitric and sulfuric acids /only the pure SiO 2 

skeleton is insoluble/. 

According to our earlier investigations, the composition 

and filtration properties /e.g. the amounts of the coprecipitat- 

ed magnesium and nitrogen/ vary significantly under different 

neutralization conditions. The use of X-ray methods for the in- 

vestigations of iron and aluminium hydoxide precipitates is not 

possible, because these precipitates are usually highly amorph- 

ous. Hence, thermoanalytical methods were selected for the 

present work. 

EXPERIMENTAL 

Materials 

The precipitate samples were obtained from earlier studies 

[i], and they were dried to the constant weight in a desiccator. 

The test solution was prepared by dissolving mica from Siilin- 

j~rvi in nitric acid. The concentrations of iron, aluminium, 

magnesium and potassium in this test solution were 15.O, ii.0, 

30.0 and 19.3 g/dm 3, respectively. In addition, the solution 
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contained fluoride ions 2.2 g/dm 3 and free acid /HNO3/ 1.9 mol/ 

dm 3 . 

Neutralization 

In each neutralization experiment a iOO cm 3 sample of the 

stock solution was neutralized in a thermostated apparatus [1]. 

The desired amount of the neutralizing reagent, 25% aqueous am- 

monia solution, was added at a constant rate into the solution 

with a normal titration burette equipped with a peristaltic 

pump. The basic addition rate in the experiments was 0.5 cm3/ 

min. At this rate, the effect of the neutralization heat was 

negligible. At the same time, the slow addition rate improved 

the filtration rate of the precipitate. The solutions to be 

precipitated were mixed with a magnetic stirrer at a velocity of 

300 rpm. Because the pH in concentrated solutions does not 

stabilize immediately, the end pH values were measured iO min 

after the completion of the base addition. The precipitates 

were allowed to age for 15 min before filtration. 

Methods 

TG, DTG and DTA curves were recorded simultaneously in a 

dynamic air atmosphere (50 cm3/min) with a Mettler TA-I Thermo- 

analyzer. The heating rate was iO deg/min, sample weight about 

30 mg, DTA sensitivity 50 ~V and DTG sensitivity 2 mg/min. For 

the DTA measurements, AI203 was used as a reference material. 

Potassium and magnesium as well as iron and aluminium were 

determined in the precipitates by conventional atomic absorption 

spectrometry. In the filtrates, aluminium was analyzed by an 

indirect atomic absorption method based on iron absorption [43, 

and iron was analyzed spectrophotometrically by both the ~-phen- 

antroline method and the l-hydroxy-4-sulfo-2-naphthoic acid 

method [5,63. The fluoride ion concentrations were determined 

potentiometrically, using an ion selective fluoride electrode 

[7]. Total nitrogen was determined at Kemira Oy's Research 

Laboratory at Oulu, using a nitrogen analyzer. A Pye Unicam SP- 

-900 atomic absorption spectrometer was used for the determina- 

tions. 
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RESULTS AND DISCUSSION 

The thermal behaviour of the mixed hydroxide precipitates 

studied is shown in Fig. i. The part a of the figure shows the 

DTA and TG curves of the dried mixed hydroxides, when the end 

pH of the neutralization is 5 and the temperature rises from 40 

to 80 ~ . The DTA curves show endoterms at 40-175 ~ and 180-250 ~ . 
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Fig. 1. TG, DTG and DTA curves of the hydroxide preci- 

pitates studied, a : the end pH of neutralization was 5 

and the precipitation temperatures 40, 60 or 800; b, c 

and d: the neutralization temperature was either 40 (b) 

60 (c) or 80 ~ (d) and the end pH of precipitation varied 

between 5 and 9. 

The former is caused by the adsorbed water and the latter by the 

constitutional water [83. The exoterm at 250-305 ~ shows the 

decomposition of the loosely bound nitrate and perhaps the 

crystallization of microcrystallized oxides [9]. The maximum 
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of the exoterm shifts towards higher temperature when the amount 

of magnesium increases in the silt /Table i/. This indicates 

the beginning of the formation of magnesium/aluminium hydroxide 

[Mg4AI2(OH)I23(NO3)2.~H20 in the silt. Both the pure aluminium 

hydroxide and the magnesium aluminium hydroxide bind nitrate, 

but the former binds it more loosely than the latter [IO, Ii]. 

Table 1 

Composition of silt as a function neutralization tempera- 

ture and end pH. Metal oxides have been analyzed from 

silts heated up to 500 ~ . Nitrogen has been analyzed of 

vacuum dried silts 

T,~ pH Fe203 A1203 MgO N 

(~2~ (ZO.O5) % % % % 

40 5.O 33.1 33.0 13.5 10.6 

" 6.6 26.8 27.8 24.6 10.4 

" 7.7 22.0 22.2 38.7 9.9 

" 8.8 19.6 20.7 47.3 9.9 

60 4.9 42.7 40.1 6.3 6.7 

" 6.2 28.7 29.3 30.0 4.6 

" 7.5 23.0 23.4 39.3 4.8 

" 7.9 21.O 21.0 43.1 6.4 

80 4.9 49.O 40.3 i. 3 2.45 

" 6.1 32.8 31.6 25.5 2.37 

" 6.8 24.4 24.1 41.3 2.86 

" 7.5 20.0 20.3 50.6 2.47 

The loosely bound nitrate in aluminium hydroxide decomposes more 

easily thermally than the ionically bound nitrate in magnesium 

aluminium hydroxide. In an earlier study, a microanalysis of 

the silt granules also showed two phases, of which one contain- 

ed much more magnesium than the other [2]. 

There are three distinct regions in the TG curves: region I 

/40-250o/, region II /250-3050/ and region III /over 3050/. In 

region I the weight change /%/ diminishes when the neutraliza- 
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tion temperature rises, which shows an increase of the solid 

solution in the silt. In region II the weight change is caused 

principally by the loosely bound nitrate /Table 2/. The weight 

changes calculated from the total nitrogen concentration in 

dried silts agree well with those measured from the TG curves. 

The development of brown nitrogen dioxide gas is a qualitative 

support for the result. The TG curves show a slight shift of 

the weight change towards higher temperatures when the amount 

of magnesium increases in the silt. 

Table 2 

Weight change /%/ in the temperature range 250-310 ~ 

/calculated and measured/ in Fig. l(a) 

Characteristics of the Weight change as loss 

precipitate of NO, % 

T, ~ end pH N% NOcalc" NOmeas" 

40 5.0 10.6 22.7 22.0 

60 4.9 6.7 14.4 14.5 

80 " 2.45 5.3 5.5 

In region III the appearance of the TG curves changes from 

the Al(OH)3-type to the FeOOH-type when the neutralization 

temperature rises, which partly supports the assumption of an 

increase of the solid solution in the silt [23. To study the 

effect of the end pH of the neutralization, a thermal analysis 

was made on silts precipitated at three different temperatures 

/40, 60 and 800/. In connection with it, particularly the exo- 

term caused by the loosely bound nitrate and the appearance of 

the TG curves were examined. 

Fig. ib shows the thermal analysis curves of the silts 

neutralized at 40 ~ with varying end pH values of neutralization. 

From DTA it can be seen that the amount of bound water dimin- 

ishes and that of constitutional water increases with increas- 

ing end pH. At the same time the exoterm caused by the loosely 

J. Thermal AnaL 25, 1982 



AITTA ET AL.: THERMAL STUDY OF PRECIPITATES 123 

bound nitrate shifts towards higher temperatures and the high- 

est pH it may even disappear. According to this, the amount of 

constitutional water increases and the decomposition of loosely 

bound nitrate is retarded as magnesium increases in the silt. 

The TG curves show that the loosely bound nitrate diminish- 

es and its decomposition temperature rises with the increasing 

magnesium content. At the same time, the appearance of the 

curves changes gradually from the FeOOH-type to Al(OH)3-type. 

This indicates a separation between the iron and magnesium/alu- 

minium hydroxide phases. 

Fig. ic shows the effect of the end pH at 60 ~ . The curves 

behave in much the same way as at 40 ~ . However, there are dif- 

ferences, particularly in the disappearance of loosely bound 

nitrate, which takes place then at 40 ~ . The shape of the TG 

curves also changes more clearly with a rising end pH than at 

the lower temperatures. 

Fig. id shows the effect of the end pH at 80 ~ . It appears 

that loosely bound nitrate only exists at an end pH value of 5 

/DTA/. However, the TG curves at end pH 6.8 are of the same 

type, representing the solid solution. The other two curves 

show the separation between the phases. It seems that the for- 

mation of the solid solution between iron and aluminium hydroxi- 

de and the decrease of total nitrate in the silt delays the se- 

paration between the iron and magnesium/aluminium phases. 

CONCLUSION 

The results show that the formation of solid solutions be- 

tween iron and a!uminium hydroxides in silt increases with a 

rising neutralization temperature. Nitrogen exists mainly as 

nitrate in the silts. Magnesium forms mixed hydroxides with 

aluminium, which causes a separation between the iron hydroxide 

and magnesium aluminium hydroxide phases. At the same time, 

nitrate is bound to the latter phase and its thermal decomposi- 

tion is retarded. 
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ZUSAMMENFASSUNG - Die von in Salpeters~ure gel~stem Phlogopit dutch Neut- 

ralisierung mit Ammoniak erhaltenen, haupts~chlich Eisen-, Aluminium- und 

Magnesiumhydroxid enthaltenden Niederschl~ge wurden thermoanalytisch (TG, 

DTG und DTA) untersucht. In der vorliegonden Arbeit, die Teil einer gross- 

angelegten Untersuchung zur chemischen Nutzung finnischer Glimmermineralien 

ist, wird gezeigt, dass die Bildung fester L~sungen yon Eisen- und Alumini- 

umhydroxiden in Schluff mit zunehmender Neutralisationstemperatur ansteigt. 

Stickstoff kommt in Schluff haupts~chlich in Form von Nitraten vor, und 

Magnesium bildet Mischhydroxide mit Aluminium, was eine Trennung der Eisen- 

hydroxidphase vonder Magnesium-Aluminium-Hydroxidphase bewirkt. 
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PesDMe - MeToAaMH TF, ~TF ~ ~TA Hcc~e~oBaHH ocaAEH, co~ep~a~He 

FaaBHHM oGpasoM r~pooK~o~ ~eae3a, amoM~HH~ ~ ~arHHa. 0catch 

6~x~ no~yqeH~ pacTBopeH~eM ~oronHTa B a3OTHO~ EHC~OTe C noc- 

ae~y~e~ He~TpaxHsa~He~ aMMHaKoM. Cor~acHo npoBeAeHH~ ~cc~e- 

~OBaHH~ ~B~F--/O~XC~ qaCTB~ EOM~eKCHOrO ~ccaeAoBaH~ no x~- 

qecKoMy ~C~O~B3oBaHMD ~MHCK~X M~HepaaoB, o6pa3oBaH~e TBepA~X 

paCTBOpOB ~e~y rHApOOK~C~E ~eaesa n a.~noMHH~H B oca~e yBe~H-- 

q~BaeTc~ C yBex~qeH~eM Te~nepaTyp~ He~Tpa~3aK~. A30T HaXOA~- 

TCa B ocaAEe, raaBrna~ o6paso~, B ~op~e HETpaTa, a MarH~ o6pa- 

syeT c~ezaHH~e r~2pooE~cH C a~r3MHHHeM, aTO B~3~BaeT pazAe~eHHe 

~em~y rE~pooEac~ zezeza ~ c~ezaHHo~ rN~pooxac~ ~ara~ a~- 
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