Chapter 1II

Experimental Part
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The experimerita o the \\\-t A ded into two sections. These

are the development g g-rang ~and the sintering of glass

powders. The shrinkdg: { \\

dilatometer or calcllatg F ,\ N \
: Y8 .m- \ \
and after firing. Spec WIS )| ’

mm of length and 12 fm A G . \- experiments can be described
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detected by the developed
diameter of sample before

cylindrical shape about 15

in 5 steps; preparation of “gl specimen preparation, construction

of the dilatometer, ng ~ of s andg~ characterization of  fired
specimen compargd} lak shown in the following

- I .
flow chart. Further ;!‘ formatio given in figure 3.2.

step is
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| 1. preparation of glass powder

— 2. specimen preparation e
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1 4. Sintering specmen.

AU g INBNT’
— Cha:actenzatxon of fired s%eumen‘ |

Fig. 3.1 Experiment description flow chart.
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Prepare the powder of two types of glass,
borosilicate glass and soda-lime-silicate glass,
by grinding, passing through a magnetic field,
washing and drying.

Construct the dilatometer
furnace and install the

Press the powder (after |
binder and 10% of moi
specimens.

shrinkage on-line while
| specimen are fired.

distance sensor to detect the
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Characterization ..y— AX
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Fig. 3.2 Information in each step of experiment
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3.1 Apparatus and Instruments

The apparatus and instruments used in the thesis are listed below
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3.2 Preparation of Glass Powders
Two types of glasses were studied in this thesis. The

composition of these glasses is shown in table 3.1

~ Table 3.1 Chemical composition, ‘“ rosﬂlcate glass and soda-lime-silicate

/

glass (by weight) "

Compound Oda-lime-silicate glass

Sio, N, 7242

ALQ, | 1.62

Fe,O, 0.024

B.O, -

MgO 3.90

CaO \31

Na,0O

SO,

K,0
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The two glasses, borosilicate glass and soda-lime-silicate glass, were
crushed with an iron hammer, then ground with a planetary mill to get a
fine powders. The powders were separated into 6 ranges of size; 1000 -500
pm, 500 - 250 pm, 250 - 180 pm, 180 - 125 um, 125 - 63 um, and

smaller than 63 um,

the sizes studied were 180 - 125 wm
and 125 - 63 um. Afte A wders were passed through a
— pﬁ)m the powders. Then the
powders were washéed / V3 1"‘\-\: rochloric acid, and distilled
powders were kept in a

water, and dried

plastic box. The prepagétioh froute ¢ }ﬁgure 3.3
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Selecting types of glass

- Borosilicate glass

- Sodalime silicate glass

£ 1000 - 500 wm, 500 - 250 pum,
, 180-125 um, 125-63 wm, and < 63 wm
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a magnetic field
'|":;' O water

.
- washed by hydrochloric acid
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Glass powders

Fig. 3.3 Preparation route of glass powder.



3.3 Specimen Preparation
After the glass powder preparation was finished. specimens were

prepared. The glass powders were wet-mixed with 1 % PVA (polyvinyl
alcohol) by weight of the powders and dried at 80 °C for 24 hours, then

ground in an agate mortar. Ne he mixed powders were weighed and

of a well - anneale  pore = free. -\; at room temperature. The

powders and water ed in a plastic bag. After

that, the powders wegel pfessgd! ’ ress to get specimen in a

cylindrical shape of diameter and about 15 - 16 mm

N\
in height, These sPecifieds, were. driedl  ‘the oven at 120 °C. for 24

hours. The route of $§peg rafion is shown in figure 3.4.

K/ | .
When the specimeas— were ished, they were characterized by
—
volume measurement

T oy U

' -_5 firing.
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Glass powder
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Cylindrical-shape specimen

Fig. 3.4 Preparation route of specimen.

' The standard density is the density of a well - annealed, monolithic, pore - free

glass at room temperature.
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3.4 Construction a Long - Range Dilatometer
First, a small vertical fumace was built. The heater part  was
sillimanite tube (26 c¢m long, inner diameter 42 mm). The tube carried the
heating element which was nikel-chromium (NrCr) wire, and was covered

with refractor wool and refract®: ick. The heating eclement had 11 Q

resistance at room temperature, 1¢5 ated with 100 V, this provided a
power of 1000 W, suff Je éerature of 900 °C. After that
a distance sensor ] \ umace on top of a tripod

voltage supply for the sensor

was an automobile from the sensor was detected

by a computer (ahia a units of volt (V). By a
controller unit, temperaglire time 7] NS ch as constant heating rate,

soaking time, etc. cof ‘ ?, "n'i ole’ composed instrument is shown

in figure 3.5.
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Fig. 3.5 Schematic of an assembled long-range dilatometer ‘system.




The lables of the figure 3.3 have the following meaning:
1. distance sensor
. heating element

. silica rod

2

3

4. silica tube
5. thermocouple
6. platinum plate

7. furnace

12. controller
13. computer

14, iron pl
15. sample y
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3.4.1 Distance Sensor
The types of the distance sensor are Bi20 - G47 - Y1
(type A) and Bil5 - CP40 - LIU (type B). These sensors react to the
approach of ferromagnetic substances and are able to translate the distance

were tested: Type A was a proportional

into a voltage signal. Two sensols

on/off output sensor, while t \\- long - range proportional analog

output sensor. The sens e & .V supply, while the sensor

type B needs 24 as approaching ferromagnetic

object. This plate wa 2 d 076 mm thick. To set

up a calibration curved af rigre Scew A used. Only sensor type B

has a proportional “di d te s distances over a range

of 12 mm. This r \\o d even large shrinkage of

specimen during firing. 4 ot detect the distance as
f Hrmid J" :
effectively. Its range was shomer than mm. Besides this, problem occured
with the on/off -eha stics ~ of / Sg™ in this experiment, the

sensor type B Wik .rorn sensor type B s

|

shown in ﬁgure 3. L‘J
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Fig. 3.7 Circiut of connecting sensors
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3.4.2 Thermocouple for Detecting Temperature
Thermocouples used in the experiment are type K which
is a nickel-chromium - nickel (NiCr-Ni) type. Type K is good for detecting
temperatures in the range of room temperature to 1000 °C, Figure 3.7

shows the thermocouple junctiop

Fig. 3.8 Single
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3.5 Sintering of Specimen

3.5.1 Density and Shrinkage Measurement Before Firing
The length, upper diameter, and lower diameter of each
specimen were measured, the density was calculated by |
D=miV 3.1

2 1 it
V =nrh = volume before 32
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ris the radius, and h is the height of specimen. After

firing, the length, upper diameter, and lower diameter of the specimen was

measuerd again, the shrinkage in length and volume shrinkage  was

calculated following the formula,

ore - % 100

% shrinkage in lengthl w, ength before - length after
ZWAL 7// length before
- ré 3.3
§ =
34

. 1 2
70" Tiow Julm=skQlume after

wolume before - volume after x 100

volume before
- 3.5

% volume
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Because of Pe ..éft?‘b firingy the volume calculation had to
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use the average of th€ uppe ggd}qs aug;lj,;}q,;we’z\ radius. At higher temperatures,
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Fig. 3.9 Specimens after firing at high temperature, 3 hours.

3.2 Firing Test (Sintering)

)

When the specimens were finished , they were tested by
firing. 'The temperatures were selected by viscosity.  (The viscosity -

temperature relations of the glasses used are shown in table 4.1.)



There were three kinds of specirhen studied , borosilicate glass size 125 - 63
pm, borosilicate glass size 180 - 125 um, and soda-lime-silicate glass size
125 - 63 pm. Borosilicate glass was sintered at TO.7, TO.4), T(8.7), T(8.2),
and T(7.9), soda-lime-silicate glass was sinterzd at T(10.1), T(9.9), T (9.3),
T(9.0), T(8.8), T(8.6), T(8.1),

The shrinkage of specimens  was | mgafufCd’ after 3 hours of soaking at each
viscosity level. Next, 0si 7 ample was measured using

Archimedes method/
353 Dilatogefy Me

dnkage. “of '\ thre specimens, borosilicate glass

leasured \ he new dilatometer, which was

jand T (7.4) in an annealing fumace.

size 180 - 125 um ' \. nm, and soda-lime-silicate
glass size 125 - 63
set to a heating rate ooml. temperature to just above the
Littleton temperature. In an‘ : , the specimen were put into the
furnace at a pre, se SN - evel for 3 hours. The data
U ——e
3.6 Characterizafiofis of the Spec fien.
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densities were calculated by using the following equation.

were recorded on

Sgass = Suuee / (1 -my/m,) | 3.6
for m; is weight of glass in air (g) '
m, is weight of glass in water (g)

3
S, aer = density of water in g/cm

o8
and Sslm = density of glass in g/cm -
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3.6.2 Microstructure of Specimens
After firing, the specimens were cut by low - speed saw
into 2 mm thick slices and polished by sand paper No. 18, cleaned with
commercial detergent, water, and dried, Then, they were cleaned with

trichloroethylene. After that the specimens’ surface were coated with a thin

layer of gold and observed by SEM( JEOL - CF35).
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