Chapter IV

Results and Discussion

limestone at 900 and the- W -step decay of dolomite at approx.
et b

700 °C and 900 Oc. drst system discussed is NayCOy (fig. 4.1).

wo naﬂ events which occur with
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see also the phase diagram in figure 4.2. At a temperature of ~ 360 oc,
the resistivity start to decrease again due to increase alkali
ion mobility. A cross-over occurs at a temperature ~ 720 °C. The

resistivity shows a change of slope (A), which a polymorphic
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inversion of soda ash (460 ©C Speyer 1993, 450 °C Alcock 1993).
Finally, soda ash (i.e, our specific industrial grade quality) melts

at 850 °C; see figure 4.1.(c).
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Figure 4.1 Low-T behavior of soda ash a) voltage indicating electrical
resistivity, as a function of temperature, b) temperature ,
as a function of time, c) melting of soda ash as indicated

by resistivity drop, d) overall resistivity.(same test as c.)
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Figure 4.2 ram_ - ©of cn;-azo system, after

ﬂ ﬂéﬁ%’m%}ﬁ‘ﬁﬂﬂﬁnt until 800 OC it

begins to detrease, passes th‘rnugh a minllum at apprux 1000 °C, then
increﬂWﬂﬁm S*W%EWH W (see figure

4.4). fThe effect camnot be related to any distinct event without
hesitating. It should be mentioned that high-T quartz becomes
unstable with respect to high-T tridymite at 867 °C, and with
respect to high-T  cristobalite at 1025 ©c. Alternatively,
feldspatic impurities might lead to (spatially very limited)
eutectic melting at approx. 1000 °C. Thermal effects (figure. 4.3 b)

are not found, except for the well-known low/high-T quartz conversion.
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Figure 4.4 High-T behavior of sand double test.
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Limestone

The resistivity of limestone is constant from room
temperature to 1190 °C. A small hump at ~ 850 OC can be detected. The

batch temperature remains constant at - 900 °C (see figure 4.5 )

because of the decomposition tio
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Figure 4.5 ﬁﬂ rjelﬂﬂ wttjlwﬁﬂ ﬂﬁsmtiutr. b) batch

emperature.
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Further studies of limestone refer to its interaction
with NaCl. Figure 4.6. shows the results of limestome with 5 wt. %
NaCl. It shows that the resistivity starts to decrease at 610 OC. The
slov decrease of resistivity in the first region until 700 Oc, is
followed a sudden drop to zero at 783 9C. The batch temperature shows
a small yet remarkable endotherm at 790 °C. An earlier phase diagram

presents a eutectic NaCl-CaCO; at 789 ©C, 6 wt. % CaCo,.
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Figure 4.6 High- ior o] ¥ with 5% NaCl a) resistivity,

b)batch t pera
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temperature up to 700 ¥C. After that, it starts
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at temperatdre of 720 °C ang 900 °c. (see figure 4.7 h} This can be
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magnesium oxide and calcium carbonate. Secondly, calcium carbonate

constant from

decays:

CaMg(C03), --- > Mg0 + CaCO3 + COp

Caco, m=m======> Ca0 + C0,
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Figure 4.7 High- tjqjt’f 3 omite. a) resistivity, b) batch
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BJI-BM system
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ﬂ uﬁ ;j%ﬁfﬂ %’W fo]ﬁgkok Glass Co.,Ltd.)

was mixed “with 4 differe;gtt sizes ot sand descrihed as coarse

103y RS 10 50514000 | 4€) 3 -0 20w s

flint <0.063mm). The results of resistivity measurement are compared

in figure 4.8. on the next page.
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) same melting pattern:

they all melt 830 .:;ﬁf”'r‘ ttributed to the sodium
|i :
metasilicate disilicate

eutectlc. 1so all resistivities

decreased ﬂ u Eru?:ﬂugj (ﬂ ?W{ﬂﬁ] ﬂﬁlrdration of crystal

r from &ayCO5. Differances are ohserved in the SOlld state range.

1 R 308 T e e

and médium size of sand, of 410 °C for fine sand, and of 450 °C for

flint. RAll four compositions had the same resistivity "nose" (change
of slope) at 600-700 °C. This is attributed to the onset of a solid
state reaction when the soda starts to react with sand grain to form
metasilicate and disilicate:

NazC03 + 8i03 ——-=> Nap8i03 + CoO,

NasC0q + Z’Eiﬂz ————> HigSizﬂE + €0y
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X-ray data by (R.F.Speyer, 1993) support this interpretation. They
find maximal metasilicate at 600 °C, and disilicate at 720 Oc,
respectively. The decreasing rates of resistivity for the four
mixtures were different. Coarse, medium and fine sand are nearly the
same, but flint has a much lower decreasing rate in the beginning and
higher decreasing rate a Jﬁ?ﬂ final state (meta-silicate and

disilicate formation). Qo hfi}

of Na* are 1mhil,1,gm::nevu qﬂﬁd phase. This is, firstly,

due to the large( 'ﬁ:@ra‘hhlf\ﬂe flint (> 500 cm2/q). In

e €0, partial pressure in the system.

icates that substantial amounts

rse qnﬂ medium size sand. (see
ol

tﬁgfn the grains.

ohife m’ﬂ"ﬁ"m URIAETR Y

Figure 4.9. Effect of particle size on CO0y release.

Liquid phase occurs at 830-840 OC as said above. The reaction of
quartz grains is further emhanced with molten soda (>850 ©c). Physical
melting of soda shows a prolonged endotherm for about 20 min (see

figure 4.10). For reasons of clarity, the temperature-time curves are
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shifted relatively to the time scale. The onset of each curve

corresponds to t=0. The same procedure is also used with all the

following temperature-time plots.
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i In this systen, the norlal size of suda was mixed with
" WIS ﬁmw&w BeThE 4 tine.
dehydration of crystal water from soda ash is found at 105 °C again as
like in the soda-sand system. The cross—over temperature occurs at
320 °c for coarse, 330 °C for medium and 360 OC for fine lime (see
figure 4.11). The resistivity decreases at lowest temperature for the
coarse limestone. At 490-540 Oc range, the slopes decrease. This was a
reaction also found to have an effect by slowing down weight loss

found in of DTGA experiments (Speyer, 1993). The temperature of
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primary melt formation of these compositions were nearly the same at
720 °C, however, smaller size of limestone tend to be lowver than

the others.
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The batch temperature (see hgnre 4.11 b. } shows 3 points vhich were
very aﬁﬂﬂq ﬂﬁlm %J“qu %)Har}ca E]zrystal vater
from soda ash at 105.°C. Secondly, the constant level at 785 °C. This
is caused by a eutectic melt of double salt and NayCO; (see phase
diagram on figure 4.12). The third point is the small endotherm
level at 820 °C. This is because of the fusion of residual double
salt. Finally, endotherm above 900 OC indicate the dissociation of

residual limestone, immersed in carbonate melt.
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Figure 4.12 Phae diagram of NaCl-

I po
H;;l-dnlnuita system
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grade soda agh mixed with 3 i;fferent size of dolomite in the ratio of

1:1. qrﬁ Tﬂ'ﬂ ﬂ'ﬁj m wqgjiwgﬁéiﬁ}hﬂmte vater

at "105 °C were found. The cross-over temperatures were formed at
"320-330 °C (320 °c for coarse, 330 °C for medium and fine). The
decreasing rate of these compositions slowed down at - 420-600 Oc
(slope changing). There is a resistivity peak at ~ 650 °C. The
increase of resistivity indicates compound formation, also confirmed
by the fact that a constant temperature was found at 650 °C. (see

figure 4.13).
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Soda-Dolo (compars) Soda-Dolo (compars)
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700 °c, primary melt ndingﬂheas a nev light on the

thermal analysis b¥ Bpeyer and coéworkers }i]ﬁ il?ﬂ]. The authors

are correct ﬂ u 8.1 2 m ﬂmiwﬂv 00 °C (they detect
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formation, however, is not supported by the present findings. This
event is rather a solid state reaction yielding a yet unidentified

compound.
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The bench mark in batch temperature at ~ 780-813 °C indicates as

eutectic melting of CaC0O3 and NapCOj (the same as in the soda-lime
system). At 7920-950 °C, the decomposition reaction of residual

limestone is clearly detected in the composition of coarse and medium

dolomite only.

was

the

Figure 4.14 High-T behavior of cullet-soda system a) resistivity,

b) batch temperature.
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The result showed that cross-over temperature of cullet + soda <cullet,
but: the temperature of primary melt formation of cullet + soda ash
vas higher than for cullet alone. This is due to the fact that cullet
has no melting point but melts by gradual softening (liquid phase

sintering). No reactions are found as indicated by the batch

temperature. In the other W& the dehydration peak of soda ash is

not found, because a

ixed in the batch. A constant
level at 850 °C in @144&&“ the predominant reaction
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Figure 4.15 Melting behavior of cullet-dolomite system a) resistivity,

b) batch temperature.
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In this system, dolomite reacts as a retarder for melting reaction.
The primary liquid phase occurred only 810 °C compared to 780 °C for
pure cullet. The exiting observation, however, is this: dolomite
chemically reacts with cullet, a fact unknown until today. The first

decay step of dolomite

Cqu{Cﬂalg -‘I, Mg0 + CaCO3 + COy
is delayed to 780 ©c. \\g

d b) shows that lime-

system. This ackion “ofd Cacoy, ----> Ca0 + C0,, shifted

cullet melt.

Cullet, Cullofkma, Lifie- Cullet, Cullet-Lime, Lime
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Figure 4.16 High-T behavior of cullet-limestone system a) resistivity,

b) batch temperature.
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Effect of particle size of cullet on melting behavior
The result on figure 4.17. shows that fine cullet
establishes an interconnected melt faster than coarse cullet. The
sizes of cullet are as followed for coarse (5 mm), medium ("2 mm),

and fine (<0.063mm).
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4.1.4 Three Components
Eight different batches are studied. These are : 4 sets
of soda-lime-sand with varied limestone particle size and 4 sets of
soda-dolomite-sand system with varied dolomite particle size (as
listed in table 3.6. These batches are studied at low heating rate
(10 K/min).
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Batches of soda-lime-sand with soda-dolo-sand

systems.

In this system all batches are studied with industrial
grain sizes. Limestone and dolomite batch indeed melt in different
ways. Firstly, the atomic mobility in the temperature range 400 to
500 °C increase much faster latter case. Secondly, a pronounced
reaction at 650 °c W binary system soda dolomite)
is seen in the lmsa‘p w ess pronounced reaction is

found at 720 Oc in(( P h‘«:ﬁ

= ? d
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systems in industrial particle size distribution.

Size effect of limestone on soda-lime-sand system.
The reaction pattern of these systems is the same as
described in the two component system. Coarse (1.000-2.000 mm), medium

(0.360-0.500 mm) and fine (0.185-0.200 mm) limestone have an



59
effect on the decreasing rate of resistivity. Coarse size tends to
shows the reaction at 720 °C more clearly than the medium and fine.
However, they melt at the same temperature at 785 ©c,
corresponding to the eutectic between double salt and soda ash. The
thermal effect is shifted more and more from the eutectic

temperature to the lima“'v double salt when the grains used

become coarse.
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Figure 4.19 98ize effect of %}n&stnne on suda-llle-sand system.
awwa\mmwmmaﬂ
Size effect of dolomite on soda-dolomite-sand system.
The result in figure 4.20 a) and b) shows that dolomite
has a strong size effect in the soda-dolomite-sand srsiﬁl. It refers
to the solid state range. Primary liquid phase of substantial amounts
_ is found at 840 O°C (NS,-NS eutectic) for all particle sizes. The
extent of the reaction (endotherm) at 650 °C is pronounced for fine

dolomite, and not seen for coarse one.
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Figure 4.20 8ize e ; Lomj t oda-dolomite-sand system.
a) resi rﬁture.

ﬁian of 74 wt. % 8i0,,
10 wt. % Ca0, a gﬁ vt. % Na0p - “Yedox number -20, 0, +20

wvas studied. anelJrants NaEl in anount of 1 vt %, 0.3 wt.% was added

1 wt. % to ﬁeuﬁqmﬂﬂﬁw ﬁjﬂ Mr no +20 batch.
AR T P A B i

The results of glass batch with R=0 is the same pattern
as found in the systems of soda-lime-sand. (see section 4.1.4).
Primary melt occurs at 840 °C (NS;-NS eutectic). The same result
was obtained with R=+20 and R=-20. The resistivity decreasing
faster in glass batch with BR=-20 than with R=+20,
The shoulder at “630-720 °C is more pronounced in the reducing batch.

Beside this, details in the reaction path cannot be seen,
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acts to accelerate

approx. 100 K earlier

than in a bat free of Nacl. Thls is true for both oxidizing and

reducing ﬁtﬁﬂaﬂ;iﬂ:ﬂ er Wlﬂ ihuws that in the

presence off|NaCl, the ﬂndnthern at 830 ta 840 °c 15 no longer found.
Instsﬁ wﬁﬁq«.‘rﬁﬁ "Eu ﬂwqa ﬁﬂ’] al%] indicates a
fundaméntal change .of the reaction path achieved by minor additions
of NaCl. Batch cohtaining 0.3 and 1 % NaCl give nearly the same
result. This means NaCl acts as an accelerant even in small amounts.
(see figure 4.23). This shows that NaCl involves in an interface-

controlled reaction.
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Figure 4.23 Different amount of NaCl on glass batch melting.

(a)resistivity, (b) batch temperature
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In. _cnrder to check the nature of the reaction, the following
additional tests were performed:
limestone + NaCl (see figure 4.24)
dolomite + NaCl (see fiqure 4.25)
sand + NaCl (see figure 4.26)
soda + sand + k‘r (see figure 4.27)

Both limestone and lquid phase with NaCl at a

temperature corres,m:.’to\)theﬂﬁam; eutectic. Sand forms

\Q\It\nust be left open whether

of Qg ., .alone, or the eutectic

liquid phase wit
Ny

§105-Nay8i40. 'soda forms liquid not before
840 OC (see fiqu f i s _:’:tion is that none of the
sub-systems yiel perature as low as in the
ternary batch. Note t by is unable to detect anything
significant at 700 °c. The pres -.--J k thus confirms the three-phase
mechanism propo.s})i by smtlmg at. al. (6 ing 1952).

‘ sl . —
Limestone + NaCl (5 wi. % Lﬂoﬂunn + NaCl (5 wt. %)
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Figure 4.24 High-T behavior of limestone with 5 % NaCl (a)

resistivity, (b)batch temperature.
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Dolomite + NaCL (5 w't. %)
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Sand + NaCl(5 wt.%)  ;

Dolomite + NaCL (5 wt. %)
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Figure 4.26 High-T behavior of
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Soda-Sand (NaCl 5 wt. %) Soda-Sand (NaCl 5 wt. %)

; 7

in section 4.1.4.

vere studied at - ___;t_; ¥as done by heating up the

furnace to 1200 'DC Then the hatches were charged and resistivities

"“‘"ﬂ"ﬁEJ’WIEW]‘ﬁWEJWﬂﬁ
AR S i) 19126 )

The result of this system is shown in figure 4.28.
The melting behavior of soda-sand-lime in fast heating rate
indicated the same pattern as found in low heating rate test. But,
the different size of limestone seemed to be of less effect on the

melting reaction for fast heating rate.
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This is because, upon__faﬁ'hegﬁfhe soda ash particle separates
rthﬁpstone grain. Upon slow

..-.-__'_:..-r"__-_:_-;,"_
from the quaréﬁ and is abso
from the limestone and

heating rate,

.

- |
exclusively react“éith the quartz. (Riedel 1%2]
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4.2.2 Soda-dolomite-sand system
¢ F_ s
o W AT RN T D FRR) cor nion ana
low héating rates. The cross-over temperature started at 750 ©c,
560 °C and 280 °C for coarse, medium and fine grains respectively.
For low heating rate, the cross-over temperature occurred at 700 °c.
Primary melt was found to occur at 890 °C, 710 °C and 640 °C for
coarse, medium and fine dolomite grains. If compare with to low
heating rate, this event occured at approx. 800 ©°c. Factory

personal often report very different behavior of dolomite and



UxinV

67

limestone containing batches, which can not be understood by
equilibrium data. The tests under fast heating rate, hovever,

clearly demonstrate the dramatic difference. An explanation cannot

be given yet.

Soda-Dolo-Sand 5
TTT TR o
2.5/ ‘
2 - I
15 I
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1 L=
e —# fine
A L 3
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0 02 04 o8 . - =
o Time in min
(a) .;rf%}.:s; {b]

Figure 4.29 High'~ zj*sand system a)
|
resi;1

. f
ivity, b) batch temperature.
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4.3.1 Low heating rate test of one component system

Soda, sand, limestone and dolomite weré_ktndied. The
results are shown in the figure 4.30. A number of unspecific peaks
wvere found below 400 ©°C which may be due to instrumental error.

They are not discussed here.
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‘. —_—\ Soda ash
Lo v
ég Sand
]
jé Limestone
S Dolomite
1000
Figure 4.30 DTA traces '-= aterials heated at 10 K/min

0" melt at 819 °C (onset
temperature ¥'enﬂotharllc peak} Na,CO ====> Naz0 + (0.

% ""“'“'F"I‘UEI NN NN

For the Ieasurelent of sand the quartz inversion is
=T A IRV &

The DTA curve shows a large endothermic peak of
calcite at 907 °C (onset temperature at 699 ©C). This is caused by
the decomposition reaction of limestome; CaCO3 ---> Ca0 + Co,.
This reaction is terminated at 948 °C. The broadening of the
endothermic peak is explained by the lack of control of the COq

partial pressure in the small crucible.
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The endotherm of initial dolomite decay starts at
716 “C and increases until 755 °C. The endothermic peaked at 902 ©c

corresponds to the decomposition of free CaCo05.

4.3.2 Lov heating rate test of two and three components.

In this expe Vn the systems of soda-sand, soda-
lime and snﬂa—dalmi &) The further studies were
concentrated also uwteuuf @-sand Figure 4.31. shows

the results of the

113 °C  (maximum
was the same as found 45

s ;_. m
__,.L',,; L

"J;-' ",a .
small ednthernm,jaak at 573 O¢ m@ the quartz inversion.

The main endo ~occurs

u ponding to the physical
|l

melting of soda ash. Isea fig. 4.31. }
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the nature of which is not known. At 709 ©C the melting reaction of
soda-lime starts. From the literature, these mean incongruent melting
©f 50 mol % CaCO3 and 50 mol % NayCO; at 813 °C by Niggli, 1916, and
incongruent melting of 38 mol % CaC03 and 62 mol % NayCOy at 790 OC by
Billhardt,1969. Both of these 2 points were found in this experiment
at 807 °C and 797 °C. The small endothermic found at 879 Oc, indicates

the welting of *“double salt" NayCa(CO3)3. The shoulder line of
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carbonate reaction ("double salt") at 785 ©OC was not found
(Hrma, 1982). This shows the comparative insensibility of DTA to
melting reactions. The resistivity tests clearly showed the gEchtic

melting at 785 ©c.

Soda-Sand

Soda-Lime

Soda-Dolo

Soda-Lime-Sand

A ”F'TTJEI"? 1 Bﬂﬁ‘ﬂ QT
’QW’]W‘E‘EU%%’TWEI’]R e

Small exothermic peaks are found at 90 °C and 251 ©c.
The DTA broad peak at 600 ©OC (maximum temperature) indicates the
first step of dolomite decay to calcite and magnesium oxide. A
small shoulder line at 654 °C indicates an effect from double
carbonate reaction. The highest DTA peak at 744 °C and the small
shoulder line at 780 °C indicate melting of double salt and NayC05.

Melting of residual soda ash is not observed.
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Soda-lime-sand system:
In this system, an unspecific dehydration peak was
found. At 573 ©C, quartz inversion of sand was found. The DTA peak
at 783 °C and 801 °C indicates an incongruent melt of 38 mol % CaCO4

with 62 mol % NajC0O; and incongruent melt of soda and lime at 50 mol %.

Temperature at 768 O¢ curres 0 ternary calcium sodium silicate
formation. The endut {££='E OC corresponds to melting of
remaining soda ash. """""-*’ ""'"—'

1993). New insights are

4.4 DTA measur 't at high heating rate

ﬂuﬂ’mﬂﬂiwmﬂ‘ﬁ

1| High heating E?te test nf one

9 "W’] 5 7 i | i e ’}Iﬁ i$ vere studies

with the heating rate of 100 K/min. The results of these experiments

are shown in the figure 4.332.

The reaction patterns are the same as iﬁ'lou heating
rate tests, expect for a shift of the maximum peaks towards higher
temperatures. Melting of soda is found at 892 ©c.

The decomposition peak of limestone is broader than

in the low heating rate test. The maximum peak occured at 1054 °c.
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The two major reactions of dolomite are shifted to 880 °C and 1010 ©c.

11 et
_‘( = sand
g - | —~ soda
© | [ g '
E L \ e .
§ ] = I lime
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Figure 4.32 DTA thes of batch raw materials heated at 100 K/min.
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1.4.2, H

gh heating rate test of tvu and th.rne component
q wf'] a‘a ﬁ%’tguiﬁl m’}ﬂgﬂ}@ El’ur soda+sand,
maxima Y peaks occur at 890 and 995 ©C. The temperatures belong to the
NS-NS2 sub-system.
The DTA peak of soda-limestone is a sharp peak at
835 ©Oc, indicating the reaction point of double salt. The most
interesting part is the early onset of the reaction starting at 720 Oc
already. This indicates a solid state reaction

NagCOq + CaC0y =---> H&gﬁ[ﬂﬂa]z



73
The result of soda-dolomite system shows the same

sharp peak at 835 °C. The onset shows the dolomite decay (first
shoulder) and the solid state double salt formation reaction (second
shoulder). The onset temperature of the decomposition reaction of

dolomite starts at 685 °C. At 775 °C, the melting reaction of soda

/)\/is reaction is indicated at 820 ©°c.
<

Z.

lime starts. The maximum pe

f —— . sand + soda

lime +soda

1R YR N dolo + soda

—— Endothermic - Exothermic
Al
i

0 4 600 .  12002C
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Figure 4.33 DTA traces of pairs of raw materials heated at 100 K/min.
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4.5 Oxygen activity measurement

Figure 4.30. illustrates how the redox active in a batch
influence the oxygen partial pressure at the interface melt/batch.
The investigated batches contain (by weight) 61.5 sand, 14.8 limestone,

20.9 soda ash, 2.5 sulfate, as well as 0.15 and 0.34 coal for redox
u ; g), respectively. The batches

Figure 4, 3ﬁ ﬂ‘ﬂoﬂzeqﬂ ﬂmwﬁﬁﬂaﬁa at the interface

between soda lime batches and an uxid%h}ng cullet melt

ARIEIN VOIS VBT b st

gas: air

The voltage obtained from the zirconia probe is related to the
oxygen partial pressure P(0g) by Nermst's equation and, in turn, to
the FeZ*/Fe3* ratio after (M.H Chopinet, 1986), yielding

log P(0g) = - 0.68 + 21.2 * @/T

= 11.38 - 25190/T - 4 - log (Fe2*/ped*),
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T in K, @ in mV. As seen from figure 4.30, coal sets free its
reducing power of -450 mV for the reducing batch is close to the
theoretically expected -490 mV, that is, 3 - 1078 bpar 03. As
'-elting proceeds, the nevly generated, reducing melt is absorbed by
the oxidizing cullet melt, and the interface assumes mildly reducing

conditions (0.03 bar 0y). is interesting to note that, due to

" |
1
1
N \; gy s
§ 11
i ]

A 1i “h temporarily passes through
a phase of reducine : qﬂ - 1074 par 04) before
oxidizing cnnditi( 0 0.3 bar 0,) are reached. This shows
that sulfate deve : ‘{.\\ at comparatively late

A \ practice to combine sulfate

= b N N
4ide ’ \\ ation of this behavior.
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4.6 Hot stage X-r fr on sur t

4.6.1 Soda-lime-sand system
A mixture of soda-lime-sand in the ratio of 1:1:1
vas tested at temperatures 500 °c, 600 °c, 700 °C, 800 °C and 900 Oc.

The results are shown figure 4.35. Unfortunately, the

experiments had to

reactions is min er cm known to completely decay

below 650 ©¢ {ins . :
Ca0 in the batch m; / \\ eac

be interpreted careji

presence of free lime

- 80 the results have to

Fig. 4.35 Hot-stage XRD peaks of soda-lime-sand in the ratio of 1:1:1

system
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At room temperature (assume ~30 Oc), the test clearly shows fours
phases; calcite (CaC03), quartz (8i03), NayCO3 and NazC03.H0. The
intensity of NajCO; and NagCO3.Hz0 is mot high. This may come form
a not-well-crystallized soda ash raw material (precipitated material).

When the sample was tested by hot-stage XRD, the interference peak

must be disregarded.

from the Pt-plate occured n’g es of 40°, 46° and 67°. These peaks
Q\Q ature 500 ©OC, NagCa(CO3), was

detected; it disa s state, the calcite phase

decreases and a sm A sodium silicate phase

l - |
T;Z glass hatch cnmpusition of T4 wt., % 8i0g, 10 wt. %

= EUBIN NN By e e

coal was studied. The results are sinilar to those in 4.6.1, yet the
5 RS (0] D AC) e o
The small peak of NajCa(CO3); disappears at 600 OC. At 700 ¢, a small
peak of NapCaSijzOg (NCS3) starts to occur and increases with
temperature. Its intensity is opposite to the Ca0 fﬁtensitr. The

results of this measurement are shown in figure 4.36.
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calcite! decomposes to Ca0 at 500 O¢ if compared with glass batch

without NacCl.

NajCa(CO3)3 still occures at 500 ©C and disappears at

600 °C. NajCaSij0g starts to occur at 600 OC already and increases

with temperature;

the intensity is higher than in the other tests.

The results of this composition are shown in figure 4.37.
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Figure 4.37 Hot*glage XRD of glass batch a£aa = =20 with 1 wt. % NaCl

AU INYNTNING

The hot-stagé XRD 1uvestigat%pn adds a Iaw interesti observations to

TRRIGIRU NN A 2 ﬂ d

- as an axperilaﬁtal artifact, reactive decay of limestone occurs
much earlier (from 500 OC); this must disregarded;

= the presence of NaCl enhances limestone decay;

- double salt is formed in remarkable amounts by a solid state

reaction:
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- the key ternary silicate precipitating from the primary melt is
N2C83, which is an incongruently melting compound located at
the joint NS-CS (see appendix B)
= presence of NaCl strongly enhances the formation of NoC84;
= the main solid phases entering the stage of "rough melt" are quartz

and Ca0.

ﬂu_ﬁwﬁﬂ§MHWﬂi
ARIHIN TR NN NBIAT

500 600 700 800 900

Temperature °C
Figure 4.38 Comparison of the phases which are identified for three

series of batches by hot-stage XRD
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