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QUANTITATIVE ESTIMATION OF MAGNESITE BY D I F F E R E N T I A L  
T H E R M A L  ANALYSIS 
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P. C.S.L R. Laboratories, Karachi, *P. C.S.L R. Laboratories, Peshawar, Pakistan 

(Received December 6, 1974) 

A method for quantitative estimation of magnesite in magnesite-rich rocks by 
differential thermal analysis, using magnesium hydroxide as internal standard, is 
presented. The effects of variations due to particle size and impurities are discussed. 

Earlier, Jehan et al. [1, 2] reported the quantitative estimation of kaolinite in 
clays and calcite in limestones by DTA. The present communication deals with 
the estimation of magnesite (MgCO3) in magnesite-rich rocks, magnesium hydr- 
oxide being used as internal standard. The effects of particle size, and impurities 
such as quartz, iron oxide, organic matter, dolomite, calcite, serpentine, talc and 
chlorite, have also been studied. 

Experimental 
Equipment and procedure 

Aliquots of about 0.3 g of material (sample and alumina) were placed in the three 
holes (one containing sample and two containing alumina) of a stainless steel 
crucible and subjected to a uniform rise in temperature (10~ in a vertical fur- 
nace, with nichrome wires as the heating element [3]. The furnace temperature 
is controlled manually by a variable transformer and chromel-alumel  thermo- 
couples (25 gauge) are used for recording temperatures. The differential tempera- 
ture is recorded on an automatic Cambridge recorder, having a scale between + 1 
and - 1 inV. The recorder driven by an electrical clock marks every twenty seconds 
on a chart 95 mm wide with a maximum duration of  125 minutes. 

Preparation of  mixtures: 

Analytical grade reagent magnesium oxide was soaked in water overnight, and 
then dried in an oven at 140 ~ The dried material was powdered to < 150/t e.s.d. 
(equivalent spherical diameter) and kept in an air-tight bottle. 

Aluminium oxide (chromatographic grade, The British Drug House Ltd., 
England) was ignited to 1000 ~ This material was then cooled and powdered to 

J. Thermal Anal, 8, 1975 



~02 K H U R S H I D  J E H A N  et al.:  E S T I M A T I O N  OF M A G N E S I T E  BY D T A  

*/, 

10 

2O 

3O 

o 40 
UA 

I 5O 
~T 

I 

~ 60 

~A 
7O 

80 

A 

B 

C 

"E 

H 

H M 

I I I I I I 
0 100 200 300 400 500 600 700 800 

Temperctture~ ~ 

Fig. l .  DTA curves of mixtures of MgCO3, Mg(OH)2 and Al~O3 (A, B, C, D, E, F, G and 
H). H and M indicate the endotherrnic peaks of Mg(OH)s and MgCOz respectively. (Not 

to the original scale.) 
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Fig. 2. Area of MgCO:~ peak/area of Mg(OH)~ peak plotted against percentage MgCOs. 
(Not to the original scale.) 
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< 150 # e.s.d. Nasai  magnesite (Baluchistan) containing 97.50 per cent MgCOa was 
used for  the construct ion o f  the working curve. Attempts  to use analytical grade 
MgCO3 (E. Merck AG,  Darmstadt ,  & May  and Baker Ltd., Dagenham,  England) 
did no t  work due to the unsatisfactory nature o f  the endothermic peak. A series o f  
mixtures o f  Nasai  magnesite, magnesium hydroxide and alumina were prepared 
and analyzed thermally. The various D T A  curves are given in Fig. 1, and the results 
are summarized in Table 1. The ratio o f  the area o f  the endothermic peak of  mag- 
nesite to the area o f  the peak of  magnesium hydroxide is seen to be closely propor-  
tional to the concentrat ion o f  magnesite (Fig. 2). 

Table 1 

DTA data of various mixtures 

! 
Sample [ 

No. 

A 
B 
C 
D 
E 
F 
G 
H 

Composition, in weight per cent 

Sample = (MgCO0 

I 
I 10=  (9.75) 

20 = (19.50) 
30 = (29.25) 
40 = (390) 
50 = (48.7) 
60 = (58 5) 
70 = (68.25) 
80 = (78.0) 

M g ( O H ) 2  

10 
10 
10 
10 
10 
10 
10 
10 

A1203 

80 
70 
60 
50 
40 
30 
20 
10 

Area of MgCO3 
endothermic 

peak cm 2 
a 

1.00 
2.04 
3.28 
4.72 
6.00 
7.68 
9.06 
9.80 

Area of 
Mg(OH)~ endo- 
thermic peak 

c m  z 

b 

0.68 
0.68 
0.72 
0.78 
0.78 
0.84 
0.84 
0.80 

a/b 

1.47 
3.00 
4.56 
6.05 
7.69 
9.14 

10.78 
12.25 

The opt imum amount  o f  internal s tandard was found to be 10 per cent o f  the 
whole mixture. Addi t ion of  10 ~ inert alumina improved the sharpness of  the mag- 
nesia peak. Thus, each unknown sample is diluted by a factor of  (100-20) /100,  
and the actual amount  of  magnesite must  be obtained by multiplying the amount  
indicated f rom the graph (Fig. 2) by a factor  o f  100/80 = 1.25. 

Reproducibility and testing o f  known samples:  

The physical properties o f  the minerals, the amount  and the degree o f  compac-  
t ion in the test cavity and the size of  the thermocouple  beads greatly influence the 
peak areas. Great  care is needed to achieve high reproducibility. However,  in the 
present method, using magnesium hydroxide as internal standard in the estimation 
of  magnesite, the effects of  some of  the above variables are eliminated. The results 
of  five repeat analyses of  Nasai  magnesite are given in Table 2. The average devia- 
t ion in the per cent magnesite (MgCO3) was - 0 . 1 7 ,  and the percentage error  
being - -  0 . 1 8 .  

A sample o f  magnesite f rom Sommergraben  Kraubath ,  Styria, containing 92.1 ~o 
MgCO3 was analyzed thermally by the present method and found to contain 90.6 ~o 
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MgCO3 (Table 3). Thus, the deviation in the magnesite content is -1 .5 ,  corre- 
sponding to a percentage error of -1 .6 .  

Possible sources o f  error." 

Quantitative measurement of heat effects is always influenced by the particle 
size of the mineral and the impurities present. The effects of these are discussed 
below: 

(a) Particle size 

Nasai magnesite was crushed and separated into the following size fractions: 

i) <150 gm e.s.d. > 105 /~m e.s.d. 
ii) <105 pm e.s.d. > 75 pm e.s.d. 

iii) < 75 pm e.s.d. > 53 pm e.s.d. 
iv) < 53 #m e.s.d. 

The results of particle size investigations are summarized in Table 4. The peak 
ratios did not change significantly, with the percentage error varying between - 1.2 
and - 3 .  Studies with particle sizes below 40/~m may prove interesting. 

(b) The effects of various impurities 

i) Silica minerals: Magnesite formed by the weathering of ultrabasic rocks is 
often enriched with opal (SiO2 " nH20). The water content in opal is generally from 
1 to 10 ~ ,  but rarely as much as 34 ~.  On heating, opales lose most of their water 
below 250 ~ . As opal samples were not available, quartz was used, assuming that 
the effects of quartz would be similar to those of opal at higher temperatures. 
A series of mixtures of quartz, magnesite, alumina and magnesium hydroxide were 
analyzed thermally; the results are given in Table 5. The percentage error varies 
between nil and +2.6. The lower values are due to the through mixing of each 
mixture. 
ii) Iron oxides: The effect of  iron oxides in the quantitative estimation of magne- 
site is very marked. The presence of 10 and 20 ~ iron oxides produces percentage 
errors of + 8 and + 29, respectively (Table 5). It seems that there is an apparent 
increase in the area of the magnesite endotherm with the increase in the iron 
oxide percentage. 
iii) Organic matter: Sedimentary magnesite may sometimes contain organic mat- 
ter. The percentage error increases with the increase of the organic matter con- 
tent (Table 5). Even in the presence of 2.5 ~ organic matter the percentage error is 
-9 .3 .  
iv) Calcite and dolomite: Calcite and dolomite are very often associated with 
magnesite. A series of mixtures of these carbonate rocks, alumina and magnesium 
hydroxide were analyzed by DTA, and the results are shown in Table 5. The effects 

J-. Thermal A n a l  8, 1975 
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of calcite and dolomite are not significant and the percentage error varies from 
+0.6 to +3.7. 
v) Serpentinite: Mg0(Si~O10)(OH)0: In some places magnesite occurs with serpen- 
finite. The presence of serpentine in magnesite affects the estimation of magnesite 
to a considerable extent (Table 5). The amount estimated is lower than the actual 
amount; the percentage error increases with increasing amount of serpentinite. 
vi) Talc: The presence of talc in magnesite rock does not affect the estimation of 
the magnesite content (Table 5). 
vii) Chlorite: The endotherm of chlorite (peak temperature 670 ~ interferes with 
the MgCOz endotherm. Samples containing up to 20 % chlorite can safely be esti- 
mated by the present method. Higher amounts of chlorite give high results. 

Conclusion 

The ratio of the areas of the magnesite endotherm and the magnesium hydroxide 
endotherm, plotted against concentration, gives a sensibly linear relationship, 
thus allowing quantitative estimation of magnesite. Variations in the results due 
to particle size, quartz, calcite, dolomite and talc are not significant. However, the 
presence of iron oxide, organic matter, serpentine and chlorite can interfere with 
the quantitative estimation. 
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R~SUMi --  On  pr6sente  une  m 6 t h o d e  d ' ana l y se  t h e r m i q u e  diffdrentielle p o u r  l ' e s t ima t ion  
quan t i t a t ive  de  la magnds i t e  dans  des  roches  r iches en magn6si te ,  en ut i l i sant  l ' hyd roxyde  
de m a g n 6 s i u m  c o m m e  6talon interne.  On  discute  l 'effet des 6carts dus  ~ la taille des par t icules  
et aux  impuret6s .  

ZUSAMMENFASSUNG - -  Eine  d i f fe ren t i a l the rmoana ly t i sche  M e t h o d e  zur  q u a n t i t a t i v e n  A b -  
sch~itzung von  Magnes i t  in magnes i t r e i chen  Fe lsen  d u t c h  M a g n e s i u m h y d r o x i d  als i nne ren  
S t anda rds  wird beschr ieben.  Die  infolge versch iedener  Te i l cheng r fBen  u n d  Ve run re in igun -  
gen  au f t r e t enden  S c h w a n k u n g e n  werden  e r f r te r t .  

Pe3roMe - -  Ylpe~CTaBJ'IeH MeTO~ KOYlHKeCTBeHHOFO orlpe/leylerlna Ma/'He3llTa B py)lax c 6oraTblM 
c07Iep~aHl4eM MaFIte3l,ITa C rlOMOllll~IO ~llqbqbepeHttHaYlbHOFO TepMH~leCKOFO aHaylli3a. B KaqeCTBe 
BHyTpeHHeFO CTaH]lapTa !4CFIOYlbBOBaYlI4 I'tI]IpooKl4Cb MaFHH~I. O6cy)K]IeHO BYlH~tHHe l,I3MeHetiltfI, 
ofyc.I1OBJIeHHblX pa3MepOM qacTllll l/ rlpHMeCltMII. 
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