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SUMMARY

Due to the increasing cost and need for conservation of energy,
diopside, CaMg(SiO3)2, was stgdied as a potential substitute for some of
the materials used in the production of glass. The study was centered oﬁ
the evaluation, from thermodynamic data, of the differences in heat capacity,
heat of reaction and heat of mixing between-diopside and stoichiometric
quantities of CaCOB, MgCO3 and SiOZ. The results show that in the pro-

duction of glass fiber 5.5 per cent of energy could be conserved by using

diopside as a substitute material.

*Research Scientist, Ceramic Section, Mineral Processing Division, Mines
Branch, Department of Energy, Mines and Resources, Ottawa, Canada.
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‘A cause du cofit croissant et le besoin grandissant
d'énergle, l'ayteur a fait une &tude sur le diopside CaMg(SiQ3)2
comme prodult potentiel de remplacement pour quelques matériaux
utilisés dans 1la production du verre. Il a centré cette &tude
sur l'éVaiua;ion, des données fhermodynamiques, des différgnceS*‘
dans le pouvolr calorifique, la chaleur de réaction et la'éhaleug;
de mélange entre le dibpside et les quahtités stoechioﬁétriques
de CaCO3, et SiO2 Les resultats ont montré que dans la production
de fibre de verre, 5.5 pourcent de 1'énergie peut &tre conservé

en utilisant le diopside comme produit de remplacement.

*Chercheur scientifique, Section de la céramique, Division du
traitement des mindraux, Direction des mnes, ministéres de
l'Energie, des Mines et des Ressources, Ottawa, Canada.



INTRODUCTION

One of the major problems burdening the technology of glass is its
low fuel efficiency. Past efforts to recover waste heat produced regenerative
and recuperative furnaces. Even so, all glass-melting furnaces are relatively
inefficient in their utilization of fuel. The recent increases in the cost
of energy and the need for conservation of fuel have further emphasized the
. importance of thermal efficiency in the manufacture of glass.

While undoubtedly improvements can be made through increased use
of insulation, more efficient regenerators, and better design and controls,
savings in energy could also be realized by partial substitution of conventional
raw materials with materials of different form. Most reactions in the form-
ation of glass are either endothermic or exothermic. For instance, decomposition
of CaCO3 into Ca0 and CO2 requires an appreciable quantity of heat. In contrast

to this, less heat is needed if only Ca0, rather than CaCO,, is to be heated

32
in a glass melt. This study therefore examined the possible thermal advantages
which would result from the substitution in a glass batch of a nmaturally occur-
ring mineral, diopside - CaMg(SiO3)2, for stoichiometric quantities of CaCO3,
MgCO3 and 8102. A Canadian deposit of diopside with low iron and alumina con-

tent, such as may be found in the Grenville Series of the Precambrian formation,

would be a suitable candidate.
DATA AND CALCULATIONS

The difference between the heat requirement of a conventional glass
melt and one in which diopside replaces equivalent amounts of CaCOB, MgCO3 and

SiO2 can be established by summing the difference for individual components




(1) caco

and reactions. These are as follows:
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(a) Difference in heat requirement between CaC0, and Ca0

on heating rrom TO to T

Specific heats for CaCO, and Ca0 are given by Kelly(l):
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c,(CaC0,) = 19.68 + 11.89 x 1071 - 3.076 x 10°T > cal/mole °K.... (1)
C,(Ca0) = 10.00 + 4.84 x 10T - 1.080 x 10°T > cal/mole *K....(2)
: _ ‘ L A—3 : 5.,~2 o

ACP = 9,68 + 7.05x 10 "T - 1.996 x 10°T © cal/mole "K....(3)

In general, the change of'enthalpy.at constant pressure is:

dH = C dt
P
Integrating '
. T ' . '.“
H=H f/; cpqt Ceeteteinenanens Y ()

Using the simplifying assumption that Ho = 0 and substituﬁingr
eq (3) in eq (4), one obtains:

H=0 j/q (9.68 + 7.05 x 10731 - 1.996 x 10°T 2)dt
N |

Integrating between To~and T:

H = 9.68(I-T ) + (1/2) 7.05 x 1073 ¢1? - Téz) +

+1.996 % 107 (/T = 1/T) vevvrrnrennrnnnnnn. ereeena(5)

According to Perry(z), CaCO3 decomposes at 1098°K. Substitutihg

the limits of integration, T = 1098°K and T_ = 298°K in eq (5),

one obtains

H = 11,193 cal/mole




(b) Heat requirement for decomposition of CaCO
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The heat of decomposition for the reaction CaCO3 + Ca0 + CO2
can be obtained (for standard temperature, 298°K) from the
difference of the heats of formation of pfoducts and re-

actants. For other temperatures, it can be calculated from

the specific heats as follows:

C,(CaCc0,) = 19.68 + 11.89 x 10737 - 3.076 x 10°T 2 cal/mole °K... (1)

G,(Ca0) = 10.00 + 4.84 x 10737 - 1.080 x 10°T 2 cal/mole °K...(2)
_ : -3 5.-2 o

Cp(COZ) = 10.34 + 2.74 x 10 T - 1.955 x 10°T cal/mole K...(6)

Subtracting (1) from the sum of (2) and (6), one obtains
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AC, = 0.66 - 4.31 x 10737 + 0.041 x 10°T 2 cal/mole °K

By indefinite integration

AH.+;/]@ ar
o) “p
2 5,-1

MH_+ 0.66T - 2,155 x 107372 = 0.041 % 10T Ternenrrnenennns (7)

AH

The heat of reaction (AH ) at 298°K was measured by Roth and
Chall(s) and found to be 42,470 cal/mole. Inserting this value
in equation (7) at T = 298°K, AHO = 42,500 cal/mole, the final
equation is thus:

2 _ 0.041 x 10°T ! cal/mole ..(8)

MH = 42,500 + 0.66T - 2.155 x 10737
By substituting T = 1098°K in equation (8), the heat of reaction
for the decomposition of CaCO3 at 1098°K is obtained:

AH = 40,623 cal/mole

The difference in the heat requirement between heating only Ca0
and that of heating and decomposing CaCO3 is therefore:

11,193 + 40,623 = 51,816 cal/mole.



(2) MgCO3

3)

According to Perry » the decomposition of MgCO

3 takes place

at 650°K. As‘in the case of CaCOB, ene may calculate the difference in the
heet requirement for heating only MgO and that'fbr heating and decomposing
MgCOB'at 650°K. This difference,'using the data by Kelly, amOunts.to
32,016 cal/mole.

(3) Heat of Mixing

When two or more liquids are mixed, it is ver& seldom that the
physical properties of tﬁe mixture are weighted averages of the physical prop-
erties of the original components. Even if there 18 no chemical reactiod
between the compohents, the'mixing is usually accompanied by some generation
'or‘absorption df heat. Therefore, if a substancevused in the produetign offlﬁ“
glass isAa mixture, the heat which either evolved or had to ﬁe Supplied at the
time when the mixture was formed should be taken into consideration during
the fusion of glass.

(6)

Neuvonen evaluated the heat of mixing* from the heat-of-solution

data for diopside and its components. His value is: AH = -35,250 cal/mole.

*Actually, Neuvonen erroneously named this‘quantity of heat as "heat of form-
ation'". The method that he employed consisted of establishing the heat of
golution of each component in hydrofluoric acid at ambient temperature. Then
using the relation:

Mgag + Mhygo + 28Hg40, - eamg(s10,), ~ |
he obtained the value of -35,250 cal/mole. This quantity is in fact the heat
of mixing (at ambient temperature) for the reaction:

Ca0 + Mg0 *'23102 = (CaMg(sio0

AH

)
372
The heat of formation of diopside can be obtained by summing the heats of form-
ation of Ca0, MgO and 2Si02 and adding to this sum the above quantity for the
heat of mixing. Using Perry's(4) data for Ca0, MgO and §109, the heat of form-
ation of diopside adds up to: AH; = 737,000 cal/mole.




The difference between tﬁe heat requirement of a glass melt and
that of one in which CaCOB, MgCOB‘and 8102 are replaced wiﬁh a stoichiometric
amount of diopside can now be deduced from the above three quantities of heat.
Clearly, the sum of (1) and (2) represents a positive value because this is
the heat that must be supplied to the original compounds, whereas (3) is a
negative quantity, which means that at the time the diopside was formed
35,200>callmole were evolved and are hence unavailable in subsequent melting.
The latter quantity then must be subtracted from the sum of (1) and (2) when
diopside is used. Theréfore, () + (2) - (3) = 51,816 + 32,016 - 35,250 =
48,582 cal/mole. This is equivalent to 404.4 Btu/lb or 808,800 Btu/ton of

diopside.
DISCUSSION AND CONCLUSION

Although a reduction in heat requirement of 808,800 Btu per ton of

diopside substituted stoichiometrically for CaCO,, MgCO, and Si0, is an

3’ 3 2

appreciable quantity, the proper perspective can be obtained only by establish-
ing the proportion of the glass mix that can be replaced by diopside and then
by comparing the heat saving thus obtained with the over-all heat requirement.
Among the numerous types of glass, it appears that glass fiber would be the
most suitable. A typical analysis of a glass—fiber batch is (in per cent):

52.8 sio,, 8.0 R_O,, 20.6 Ca0O, 7.2 Mg0, 9.1 Na

2? 2% 2 2%°
limiting substance in this case is the Mg0 content, restricting the amount of

0, 1.5 K20, and 0.8 B The

diopside to a maximum of 38.7Z. Leone(7) reports that about 6.25 million Btu
are required to produce 1 ton of container glass. Assuming the same require-
ment for glass fiber, the substitution of diopside will save:
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100(808,800 x 0.387)/6.25 x 10" = 5.0% of the amount of heat required for



production of 1 ton of.glass.

Thi§ saving of energy, #1though‘not iarge, can be obfained with no
élteration to én'éxisting facility. 'Alqo, fﬁrpher Eenefits'night Be derived
from the suﬂstitution with diopsiﬁe. Fo; example, because diopside does not
contain carbonates, the decrease of the-numberAﬁf 002 bubbles in the glass .
melt will be proportional. to the amount of diopside that can be uéed as a sub~
stitute. Also, it should be noted that thé melﬁing point of didpside (1395°C)
is éppreciably'lowér”than that of 8102 (1670°C), CQQ‘(QS70°C),'and'MgQ (ZBOOQC)’
a fact which might_p;omote‘faster melting of the glass mix. Finally,:tfags-
portation and‘handling qf diopside requires 1ess energy: for each 1000 1b' 
mikture of CaCOS, Mgé03 and 23102, only 711 lbflofxdiopside are redﬁirgd.

In coﬁciusian; diopside, 1f available in a'sﬁffiéiently pure form,

wiil, when used in production of any glass, contribute to lowering the con-

sumption of energy.
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