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For many years, the high-temperature synthesis of magnesium silicates from a 
magnesite<luartz sand mixture has been the basis for the production of enstatite and the 
subsequent manufacture of steatites for the ceramics industry of the G.D.R. It is now shown that, 
in principle, mixtures of other magnesium compounds with Si02 can also be transformed to 
magnesium silic~ate phases. 

Depending on the mechanical and thermal conditions chosen, different reactive inter- 
mediates are formed which, after ceramic firing, are responsible for the differences within the 
phase composition. 

Thermoanalytical methods are well suited to compare the solid-state reactivities of various 
mixtures. 

During the high-temperature solid-state reaction of  MgO and SiO2, a thin layer 
of  metasilicate is formed first, by the diffusion of  Mg 2+ ions to the SiO 2 phase 
boundary, preceding a thicker growing reaction front of  forsterite. At a low, nearly 
constant amount  ofmetasilicate, the forsterite content increases until the free MgO 
is consumed. Metasilicate is then formed, at a clearly lower velocity [1]. 

The reaction equations are: 

MgO + SiO 2 - 'MgSiO3 
MgO SiO 2 

Mg2SiO 4 - -  ~2 MgSiO 3 

For  a MgCO3-SiO 2 mixture ground in a vibration mill and heated to various 
temperatures, Fig. 1 shows the phase amounts, which were determined by X-ray 
diffraction. It can be seen that, from about 950 ~ onward, forterite (F) is first formed 

from periclase (P) and quartz (Q); from 1200 ~ on, this reacts further with quartz (Q) 
and cristobalite, to give the lower magnesium-containing modifications, protoen- 

statite (PE), enstatite and clinoenstatite (E). We deal here with the synthesis of  
magnesium silicates in which MgO is substituted by magnesium salts which form 
MgO during thermal treatment. 
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Fig. 1 Schematic representation of the phase composition of a MgCO3-SiO 2 mixture annealed four 
hours in the muffle furnace 

Experimental 

In order to follow the reactions taking place during annealing and to evaluate the 
solid-state reactivity, thermoanalytical methods were applied under the following 
fixed conditions: 

Thermoanalyser TA 1 (Mettler)" 

Weighed portions of  100 mg powder in a macrocrucible, heating rate 
6 d e g m i n  -~ in flowing air atmosphere, sensitivities for T G  1 = 100mg, 
D T G  = I0 mg min -1 and DTA = 200 laV. 

Q-Derivatograph ( MOM) ." 

Weighed portions of  230-250 mg in .a labyrinth crucible, quasi-isothermal 
operation, max. 0 . 6 m g m i n  -~ and max. 2.5 deg min -~ sensitivities for 
T G  = 200 mg and DTA = 250 ~tV. 

For  determination of  the real structure and the phase composition, a PW 1025 X- 
ray diffractometer (Phitips) was used with CuK~ radiation and a gr0~phitr 
monochromator  in a stepping operation at 0.5 ~ min-~. 

A good survey of  the progress of  the reaction is also given by a chemical method 
[2] based on the principle of  the different solubilities in NH4CI and HCI. 

Results 

As can be seen from the results in Table 1, with the intense comminution in the 
vil~ration mill a reduction in the primary particles occurs. During mixture grinding, 
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Table 1 Influence of the addition of quartz sand and vibration grinding on the primary particle size 
determined by X-ray diffraction and on the thermal decomposition ofmagnesite after dynamic 
heating in the Thermoanalyser TA 1 

Primary particle size, MgO amount 

Material Grinding time nm formed, % at 

MgCO 3 SiO 2 500 ~ 600 ~ 

MgCO a 43 - -  1.9 53.2 
MgC03 + SiO 2 45 101 2.1 56.7 
MgCO 3 5 min 33 - -  7.2 59.7 
MgC03 + 5 min SiO 2 5 min 33 82 8.3 76.4 
(MgCO3 + SiO2) 5 min** 27 85 11.9 86.0 
MgCO3 20 min 25 - -  10.5 70.0 
(MgCOa + SIO2) 20 min** 16 70 18,6 95.2 

* each component ground separately 
** ground after mixing of components 

the magnesite particles are more stressed by the relatively hard quartz grains acting 
as additional grinding bodies. In parallel to the destruction of the magnesite lattice, 
an increase in solid-state reactivity can also be observed. The highest decomposition 
rate is found for binary mixtures ground together. 

When the MgCO3-SiO z mixtures are annealed to more than 1000 ~ magnesium 
silicate formation can be increasingly observed. The less reactive powder mixtures 
exhibit distinctly lower amounts of newly-formed phases over a wide range of 
temperature. 

The reactions of the magnesium compounds to the respective silicate phases a~'e 
also decisively influenced by the given compound and the chosen mole ratio. As can 
be seen from Table 2, the lowest reaction degree is obtained for mixtures with 
magnesium oxide and at low contents of silicic acid. 

Table 2 Chemically determined amount of nonconversed MgO after 3 h tempering at 1200 ~ for 
different MgX/SiO2 mixtures 

Mg component 
MgOfte, content, rel. % at a molar MgO : SiO: ratio of  

0.5 1.0 1.5 

MgO 
MgCO3 
MgC12 
Mg$04 
Mg(NO3)2 

2.3 36.2 41.1 
0.2 22,2 29.5 
0,3 8.7 26.9 
0.1 11.8 15.t 
0.1 2.8 12.4 
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Fig. 2 DTA and TG curves of the thermal decomposition of magnesium salt hydrates at quasi- 
isothermal heating programme in the labyrinth crucible 

In the case of the magnesium salts, reactive intermediates are formed in previous 
decomposition reactions; through their interaction with quartz sand, these clearly 
form higher amounts of magnesium silicates. 

According to the quasi-isothermal thermoanalytical curves for the magnesium 
salts MgCI2-6H20 [3], MgSO4.7H20 [4] and Mg(NO3)2"6H20 [5] presented in 
Fig. 2 the respective decomposition mechanisms are relatively complicated. As 
indicated in the literature [3-5], they involve phase transformations, melting 
processes and the isothermal and nonisothermal splitting of H20 and acids. 
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Even at relatively low temperatures, the presence of SiO 2 has an obvious 
influence on the course of decomposition of magnesium salt hydrates, as clearly 
seen from the DTG curves in Fig. 3, obtained under dynamic heating. 

In view of the specific raw material situation of the G.D.R., for a short time 
caustic MgO prepared from MgCI2 has been of special interest for industrial use, in 
addition to magnesite [6, 7]. However, in an evaluation of the chemical phase 
amounts in the sintered products (Table 2), the distinctly higher reaction conversion 
ofmagnesite is striking. The explanation in this case too is that the finely disperse, 
strongly structurally irregular MgO particles formed by the decarbonization of 
MgCO 3 favour silicate phase formation. 

MgCl 
111 o 

?2Z, o 

_)61 o z,81 o 

dm 
dt 

L 
1130133 ~ 

208 ~ 

191 ~ 

283 o 

318 ~ 

320 ~ 

MgSQ'TH20 ~ 

Mg(NO3)2"6H20 
f l  j=' 

Sample= 100 rng 

DTG I10 mg/min 

111 �84 

Z,17 o 

/ . / , lO 4 5 7  o 

I I I J I I I I I 
25 100 200 300 400 500 600 700 800 900 

Temperature ~~ 

Fig. 3 DTG curves of magnesium salt hydrates and 0.4 molar MgX-SiO2 mixtures obtained at dynamic 
heating in the open crucible. 
- -  M g X ' n H 2 0  sample, - - - MgX. SiO2 mixture (0.4:1 mol%) 
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Z ~ m m e n f a m R g  - -  Ober lange Zeit war die Hochtemperatursynthese von Magnesiumsilicaten aus 
einer Mischung yon Magnesit und Quarzsand die Grundlage fiir die Produktion von Enstatit und die 
nachfolgende Herstellung yon Steatiten in der Keramik-Industrie der DDR. Hier wird gezeigt, dass 
grunds~tzlich auch andere Magnesiumverbindungen mit SiO2 zu Magnesiumsilicaten umgesetzt werden 
k6nnen. Abhangig yon den gew~ihlten mechanischen und" thennischen Bedingungen werden 
unterschiedliche Zwischenprodukte gebildet, die nach dem Brennen Unterschiede in der Phasenzusam- 
mensetzung zur Folge haben k6nnen. Thermoanalytische Methoden sind gut geeignet, die Reaktivit[it 
verschiedener Gemische in fester Phase zu vergleichen. 

Pe3mme - -  B TetlCHHH "MHOFHX JIffr B~dCOKOTeMnepaTypH~fi CHHTe3 CKm~aTOS MalTA4g H3 CM~H 
MaI~Ie3HTa H EBapIleBoro nec~a 6~xa OCHOBHIdIVl MeTO~OM lIOJIyqCHH~ 3HCTaTHTa H noc:~e~3nomero 
HOJIyqeHHg CTCaTHTOB ~UI~ s HpoMbnIIJIeHHOCTH F~[P. B CTaTbC noga3aHO, HTO B 
HpHHIIHHe CMeCH ~pyFHX COe~II4HeHHfi MaI~IHJl C ~ByOKHCbIO KpeMHH$1 MOF1HT 6HTb upeBpalIIeHbl ~IO 
CHJmKaTa MaFHH$1. B 3aBHCHMOCTH OT MCXaHHqCClfHX n TepMHqeCKHX yCJIOBH~, 06pa3y~OTC~ 
HpoMeXyTOqHMe HpoRyKTbl C pa3JIHqHOfi ,peaKIAHOHHOfi CIIOCO6HOCTbIO, KOTOpbIe 3aTeM HOCJIe 
KepaMHqeCKOrO o6~gHra, OTBeTCTBeHHbI 3a pa3YlHtlH$1 B npc~Ie~ax dpa3oBoro COCTaBa. 
TepMoaHa.aHTHqeCKHr MeTO~Id HBJI~HOTCg IIpHFO~IbIMH /Ulg COHOCTaB.~eHHfl TBep~IOTe~IbHOfi peaK- 
HHOHHOH CHOCO6HOCTH pa3JIH~'HbIX cMecefi. 
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