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Abstract

Precipitation of Mg(OH) from magnesium nitrate solution was studied bymses recording
pH of the reacting mixture. Solution of NBIH was used as the alkalizing agent. The
sequence of addition of reactants, rate and tinstilwing, and the excess of WEGH with
respect to stoichiometry influence change in pHi @nsequently the rate of crystallization
and sedimentation of the reaction product, viz. @td),. The presence of calcium nitrate up

to 10 mass % does not influence remarkably thegitation process.
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Introduction

Magnesium hydroxide is used as filling materigbatymer composites. When the content of
Mg(OH), exceeds approximately 40 wt. %, the compositeflammable. There are several
literature sources dealing with the preparation gpylication of magnesium hydroxide (Kirk-
Othmer 1981, Hsu and Nacu 2005). Most of them iyate precipitation of Mg(OH)from
chloride solutions by the addition of alkaline g@mn. Concentration of magnesium cations,
composition of alkaline component, pH, rate ofitilition, and rate of stirring influence
nucleation and crystal growth of Mg(OHAlkalization of solution can be achieved also by
electrolysis (Utamapanya et al. 1991). Literatuzsatibes preparation of Mg(OHjbers

(Wu, Shao, Gu and Wei 2004) or preparation of nartages of Mg(OHj) (Li, Sui, Ding,

Zhang, Zhuang and Wang 2000). Crystals of diffeshiaipe and size can be prepared (Li, Sui,
Ding, Zhang, Zhuang and Wang 2000, US patent 18R@bla et al. 1993, Laska et al. 1993).
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In this paper we will discuss some aspects of pretion of Mg(OH) from Mg(NG;),
solution. This is the process which is used in &k in industrial scale. Principle of the
method consists in the reaction of magnesite (Mg®@h nitric acid. After purification,

magnesium hydroxide is precipitated from solutioiMg(NOz), with ammonium hydroxide:

MgCO;(s) + 2 HNQ(aq) = Mg(NQ)z(aq) + HO(aq) + CQ(9) (1)
Mg(NO;)2(aq) + 2 NHOH(aq) = Mg(OH)(s) + 2 NHNOs(aq) (2)

Ammonium nitrate is used as fertilizer. The prodesdescribed in detail in the patent
literature (Skubla 1993). Improvement of the erigtiechnology and a possibility of
utilization of dolomite as a raw material for pregtgon of Mg(OH) (and CaC@or Ca(NQ),
as by-products) is the topic of the project, fpatt of which is presented in this paper.
Magnesium hydroxide resulting from precipitatioarfr magnesium nitrate is not the final
product of desired quality. It needs further treatitrat elevated temperature in a pressure
reactor and surface treatment of the product. paper deals only with the kinetics of

precipitation.

Experimental

Chemicals:

1 M solution of Mg(NQ), was prepared from Mg(N{§R of p.a. purity. pH of this solution

was 5.99. 2 M solution of NJfOH was prepared from chemical of p.a. purity. pHhef latter
solution was 11.63. Also the admixtures Cagh@nd NHNO3 were of purity pro analysis.
Precipitation of Mg(OHy from 100 ml solution of Mg(Ng), was carried out in a glass beaker
under intensive stirring with submersed mixturea{r, 300 W). 2M NENO3; was added in
one shot and the intensive stirring was carried@u80 s, 120 s or 300 s. Stirring continued
with a magnetic stirrer (800 rpm). SimultaneoudHyqd the reaction mixture was measured
and recorded by pH-meter (Metrohm, model 827 pKdambined electrode). Solution of
NH,OH was added in the following surplus (in %): 0, 28, 100, 200, 300. These

experiments were carried out at ambient temperatugepressure.
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Results and Discussion
Influence of surplus of NJ®H on pH of reacting mixture during precipitatiohMg(OH),

Rate of reaction (2) can be estimated from the gharf pH of the reacting mixture. Zero
time determines the moment of addition of JCHH. In Fig. 1, the change of pH is plotted as
function of time for the stoichiometric amount ofiMOH (0 % surplus), and for the addition
of NH4OH in 15 % and 50 % surplus, respectively. In tegibning of experiment, pH
increases with surplus of NBH. However, the decrease of pH with time refl&ot®tics of
precipitation of Mg(OH). As mentioned earlier, pH of 1 M Mg(NJ solution is 5.99, while
pH of 2 M solution of NHOH is 11.63. pH of water suspension of Mg(@#8)10.30 and pH
of 0.5 M solution of NEHNOs is 6.64. It is obvious that shape of the curveféo surplus of

NH4OH is rather different from those with surplus loé talkaline component.
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Fig. 1. Dependence of pH of reacting mixture MggyO- NH4OH as function of time at
different surplus of NEDH. (Intense stirring was carried out for 30 s.)

Influence of duration of intense stirring on pHre&cting mixture during precipitation of
Mg(OH),

In these series of experiments, the influence aditthin of intense stirring, viz. 0 s, 30s, and
300 s, respectively, on pH of reacting mixture wagstigated. As in the previous case,
surplus of NHOH was 0, 15 and 50 %. The results are plottedgs.R2 and 3. It can be seen
that the intensive mixing causes sharp decreapkl @i the beginning of experiment. This

corresponds to the increasing rate of formatioM@{OH),. This effect is especially
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remarkable in Fig. 3 where the change of pH witietis plotted for mixtures without stirring
and after 300 s of intensive stirring. In this csesurplus of NEOH with respect to

stoichiometry was 50 %.
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Fig. 2. Dependence of pH of reacting mixture MggyQ- NH4OH as function of time of
intensive mixing (30 s and 300 s, respectivelytpiE®iometric ratio Mg(NG@), and
NH4OH.)
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Fig. 3. Dependence of pH of reacting mixture Mgg¢Q- NH;OH as function of time of
intensive mixing (0 s, 30 s, and 300 s, respeactiy€b0 % surplus of NKOH with
respect to stoichiometry.)
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Streaming Mg(Ng). solution into NHOH

In this paragraph we will show what happens wheradgsolution of magnesium nitrate into
the solution of ammonium hydroxide. This is an apfeoprocedure to that discussed in
preceding paragraphs. In this case the excessmbaimm hydroxide is actually infinite in
the beginning and it decreases to a chosen vailuhid experiment, duration of intensive
mixing was 120 s. Final excess of ammonium hydrexiith respect to stoichiometry was

0 %, 50 %, and 100 %, respectively. The changdoivjth time after intense stirring is
plotted in Fig. 4. As in the previous cases, tHatgm was mixed with the magnetic stirrer. It
is interesting to observe that after the intensgargg, pH of the reacting mixture drops down
(not shown in the Fig. 4). This decrease in pHiiesallt of the addition of Mg(N£), solution
(pH = 6.91) in one shot. When Mg(N)Ris consumed due to its reaction with XHH, pH
increases and it reaches maximum after 10 min tmib5Formation of Mg(OH)causes slow
decrease of pH because its pH is lower than thatononia.
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Fig. 4. Dependence of pH of reacting mixture JOH «— Mg(NOs), as a function of time.
The solution of Mg(N@), was added to NMDH under 120 s of intense stirring. Final
surplus of ammonium hydroxide was 0 %, 50 %, ar@%0

Acta Chimica Slovaca, Vol.2, No.2, 2009, 14 - 20



P.Fellner et al., Influence of admixtures and okimg on precipitation of Mg(OH)..
19

Influence of the admixture of calcium nitrate oegpitation of Mg(OH,)

As a row material for preparation of Mg(OHye can utilize also dolomite instead of
magnesite. In this case the reacting mixture coatalso calcium nitrate. Investigation of this
reaction is a rather broad topic that will be dgsmd in elsewhere. In this paragraph we will
show how the presence of calcium nitrate may imibeeprecipitation of magnesium
hydroxide. The reacting mixture contained up tovBt5% of calcium nitrate. No remarkable
influence of calcium nitrate on the precipitatidnivig(OH), or its sedimentation was
observed. Neither shape or size of crystals of Mf¢Qvas observed. It can be concluded
that when dolomite is used instead of magnesitgnesium hydroxide of the same quality

can be obtained.

Investigation of the influence of ammonium nitraethe precipitation of Mg(OH)

Solubility product of magnesium hydroxide in waae25 °C is 8.9x1#. This means
that solubility of Mg(OHj) in pure water is rather low. Ammonium nitrate arages as a by-
product at the precipitation of Mg(Offyom solution of Mg(N@), with ammonia or
ammonium hydroxide (Eg. 2). We found out that trespnce of ammonium salts remarkably
(ca 100 times) increases the solubility of Mg(@H)aqueous solution. This is in agreement
with literature (Kirk-Othmer 1981). There might tveo reasons for this phenomenon. Firstly,
dissociation of NHOH at ambient temperature is rather low. lonizatonstant of NHOH is
1.8x10°. When we add NENOs into the solution we lower the concentration of Giths.

This results in the increase in solubility of Mg(®HThe second reason might be formation
of complexes of Mg with ammonia, as suggested by Fredholm (citedrdéug to Remy
1961).

Anyway, the increase of solubility of Mg(Okin the presence of ammonium cations is a fact

that fundamentally influence nucleation, crystallian andyrowth of crystals of Mg(OH)

Conclusion
Precipitation of Mg(OHyis influenced by the following factors:

Surplus of NHOH lowers the rate of precipitation of Mg(Ofd{However, it speeds up
sedimentation. Similar, but less noticeable isitifleence of NHNOs.
Presence of Ca(Np up to 10 mass % influences precipitation only iregligible way.
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It is important whether we add magnesium nitratertononium hydroxide or ammonium
hydroxide to magnesium nitrate. The process angepties of the product, viz. Mg(OF)are
rather different.

Nucleation and crystal growth of Mg(OH}¥ remarkably influenced by the presence of
ammonium salts that increase solubility of Mg(@H)
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