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3.2 Preparation of t and tools

Constructing Furnace

A small study furnace was constructed using light
alumina brick (C-1 type with 7.5 cm thickness) and Kanthal wire
(Ni-Cr, 1.6 in diameter) as ating coil. Total resistance for the
heating coil is ahcmk_ﬁ \L!;

6 x 6 inches, For “the toqp stm the shape of the opening,

."!-.‘
r qu j f ferent tests. Figure 3.2 shows
A\

nner area of the furnace is

several designs

a sketch of furnace
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Figure“3.2 Small study furnace a), top stopper b), and shape of the

opening c).

Thermocouple and probe
The resistivity and temperature probe is made by
inserting type K thermocouple (NiCr-Ni, diameter 0.6mm) wires into

sintered alumina tubes with (6 mm, 1.5 mm ) two inner bores. The
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resistivity parts of the probe are made of two NiCr wires and the
free lower terminals of the NiCr wires in the length of 7 cm are
wound up in the shape of short solemoids to make a pair of
electrodes. Their distance and effective surface area are approx. 1 cm
and 1 cm? respectively. The temperature parts are made of NiCr-Ni,

pairs twisted and squeezed

1er at the lower ends of the sintered

Figure 3.3 sketg of probe
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Furnace and controller
4 o L7
R PATFRL ATY REAR Bporoser i
CPS vas selected to control the heating rate in the small study
furnace. Figure :!'.4. shows the construction and figure 3.5 shows

the external wiring of the controller.
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It allows to operate the furnace between ground and peak load, and
never cuts off the current to zero (thereby also suppressing the

electrical "noise" in the lab).

Melting crucible

the clay body i : 4 table 3.1. BPBefore mixing, raw materials
were ground in a" pé aim dist d_ passed through sieve no.
40 mesh, then mixed if 4 ba 'iff ‘:5. :';;t 3h. After that, a slip

was prepared an( ~\7{p1aster of paris at a

gypsum to water CLs were dried in air for
2 days, and in an over  then bisquit fired at 950 Oc

and sintered at 1200 QE

Figure 3.7 The sketch of clay crucible a). and reference tube b).
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Table 3.1. Composition of clay crucible.

batch composition (%)
Kaolin (Ranong) 20
Ball Clay ‘ 40
Aumina o ’,ﬂ(/“ 40

this research work were
soda ash, sand, dulmit _ llet, sulfate, coal, and NaCl.
Table 3.2. listh e chemical the first for major
rav materials, V -. |
udﬂx numbers of hatchas were set by combining coal

and anlfatﬂ mﬂualw Erﬂajuw Hﬂﬂﬁms The base glass

batches are listed in Table 3 3.

qmmnm URIAINYA Y

J ae components batches.
Three different



Table 3.2. Chemical Compositions of Raw Batch Materials

composition(%)

810y Alg0y Feq0q Ca0 MgO Naj0 Eo0

Sand 99.23 0.152

Limestone 0.82

’ 0.026 0.012 0.03 0.035
‘ v/ -200 0.7 0.1 0.1

Dolomite 20.20 0.01 =
Soda ash - 58.2 —

Cullet 72.4 § ' 68 4.5  14.2 -

Table 3.3 Glass Batc

Raw materials U R=-20 R=-20

(1% Hacliﬂ{l % NaCl) (0.3 % NacCl)

L LY,
[ oW -
ﬁuﬂ JMTETIWE T3
Sand 61.59 ﬁl 48 51 59 61. 4B 61.48
““mﬁ W Ei\‘*l'ﬂ“ﬁfld 891739 )G fan
Soda a 20.93 20.90 20.02 19.90 20.62
Sodium sulfate 2.46 2.46 2.46 2.46 2.46

Coal 0.15 0.34 1.00 1.003  0.488
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Preparation of one, two, and three component batches
For DTA measurement, particle sizes of raw materials
vere chosen c-n.lly in the range of (0.032-0.063 mm) for all components.

The raw materials, ratios and heating rate are listed in the

table 3.4.

.,

ra osﬂating rate for DTA
// s

Table 3.4 Raw mater

/SN
7787 0\\Y

cnm;mnents 10 E/min| 100 K/min
one o v
" -
-t -
A s
-
i ﬂﬁﬂiﬂ§W§WBTfﬁ” "
-

q W"I’ﬂ\??’f'?ﬁﬂ RPN

three soda +'sand + limestone 1:1:1 o
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For resistivity measurements, raw materials were
separated by size via dry sieving into four different size ranges

(in mm) before mixing them, as listed in table 3.5.

Table 3.5 Different particles size of raw materials in mm.

Coarse fine Flint

= "“-q_‘_
sand 0.350-01500 0.063-0.125  <0.063
Limestone 1.u¢ 0.185-0.250
Dolomite u

Cullet 1-2 <0.063

For one-component sys I grade size distribution was

selected. Table 3.6. aterials, the ratio used in

a combination of selected }3 s, and the heating rate.
- rH‘W

X

2
ﬂ‘lJEI’J‘VIWlﬁWEI']ﬂ‘i
Q‘W’W&Nﬂ‘ifﬂﬂ‘ﬁﬂﬂﬁﬂﬂﬂ
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Table 3.6 Raw materials, ratios and heating rate used in

resistivity measurement; total amount is 180 g.

heating rate

components raw materials ratio | 10 K/min |80 K/min

s S W S

S

two

g

N

+ limestone* ' -

A I ing
QR TGIAT AN wmaﬂ .

a.h—
S

soda + sand + dolomite® 1:1:1 o v
soda + sand + limestone 1:1:1 o
soda + sand + dolomite 1:1:1 - 2T

* varied size as showed in table 3.5.

Tib343452
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3.4 Resistivity measurement

Slov heating rate
The mixtures prepared as listed in table 3.6. were

loaded into a commercial ecrucible and exposed to the small study

furnace. The resistivity l
middle of samples. @
batch. When cullet t.get

of 9:1, a sua /4 disti ed water had to be added to the

emperature probe was placed in the

wWas approx. 5 com in the

~other components in a ratio

mixtures to make ! ene «rﬁﬂ T i=- mixtures were dried in an

oven at 100 °C f ' Lﬁajﬁ‘-,‘?, eXposed to the furnace. The

nts, an empty crucible

T e : »
and the probe veQ;Jpnsitinned in the cold Tfurnace. The furnace was

heated up ﬂnulgha W?Wlﬁﬁﬂ ?znn OC. Then, the

opening in {ithe top stnpper of the turnace was npened and the sample

= P4 5 B4 |9 ] MR s,

was closed, and resistivities and temperatures were

recorded as in 3.4.1.
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3.5 DTA measurement

After mixing rav materials as listed in table 3.6
samples weighed to approx. 200 mg were loaded into platinum crucibles,
with alumina powder as a reference. Samples were exposed to a 10 K/min

(slow heating) and 100 Hl‘r /fnst heating), respectively.

3.6 activit

shows the sketch of the s ﬁ
..---f.-":_‘_f # f‘%

e
To) understand the mg pre-tests were needed.
17 — )

A commercial ta

-, ware gluq L

= pre-tests, weighed in

charges of ahnut;JSGBg into the self—nade ﬁrucihle. and exposed to

the furnacﬂ ﬂﬂxﬁj V]ﬂﬂ ?Wﬂthuve the sample in

the cold furnace, and heated up in the furnace nntil 1200°C. Then,

® FRNIRII qua 48 e o
glass melt. The computer was started to record data for four channels,
which were: temperature of the atmosphere (i.e. furnace temperature),
temperature of the platinum, and both the platinum and zirconia side
of the sensor (e.m.f.). When the sensor contacted the glass surface
for a while, different gases was flushed into the furnace through an
alumina tube, (see figure 3.9). The effect of the different gases on

the e.m.f was studied.
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d:
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thermocouple junction, ref.

h: capillary tube

i: alumina tube
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A cn-ercial insulation fiber glass which reaches a
low viscosity at 12uu OC already was selected for the following test.
This should enhance oxygen mobility and stabilize the e.m.f.
reading. When the temperature reached 1200°C, the sensor was moved
down to contact the surface of the glass melt. Before the batch was
charged onto the glass melt, the alumina tubes of the sensor were

shielded by a refractory tube to prevent damage.



.40
3.7 Hot-stage X-ray diffraction measurement

Batches vith different redox number R and NaCl
contents (R=-20, R=-20 + NaCl (1 wt. %) and soda-lime-sand in the
ratio of 1:1:1) were selected. Samples of 500mg were weighed, placed

in platinum pans, and heated at
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