YooYy byl PN AU aad) — el alaall - AuLaaY) aglad g ¢ 9l g 3 jlant) dla

Determination of Best Refractories Suitable for Glass Forming

Molds by Manual Blowing

Prof. Ezz Eldin Abdelaziz Hassan

Former Head of the glass Department, Faculty of Applied Arts Helwan University

Prof. Emad M.M. Ewais
President of Central Metallurgical Research Institute (CMRDI)
Prof. HossamEIldin Nazmy Hosny
Prof at glass Department, Faculty of Applied Arts Helwan University
Researcher. Ahmed Mohamed Hassan Elshenawy
Research Assistant at Refractory and Ceramic Materials Department, Advanced

Materials Institute, Central Metallurgical Research Institute (CMRDI)
d.aelshenawy@yahoo.com

Introduction:

Glass represents the fourth state of matter, and it consists of a group of oxides such as silicon
oxide, sodium, calcium, potassium, magnesium, aluminum and some colored and non-colored
oxides. There are many methods for glass production, such as automatic, semi-automatic and
manual, as well as re-formation inside closed ovens, and the formation of glass by manual
blowing into a mould.

Manual blow molding methods are one of the methods that have attracted attention due to their
ability to form artistic glass products in limited quantities, at low cost and in a short time. Also,
everything that can be machined and manufactured can be produced and assorted manually,
while machines are unable to implement and form some handmade products. With artistic and
aesthetic formations with subtle and complex details that cannot be produced automatically.
Thermal materials are suitable for forming a thermal mold for blowing glass, and there are two
types of them, formed refractories and non-problem refractories, and it is considered the last
target and the subject of the study, because of its ability to form in the form of unformed
refractories and its ability to show the smallest details of the technical formations of the glass
product, after pouring it on a model glass product.

Research problem:

The need to find alternatives of refractory materials that are suitable in their physical and
chemical properties to the requirements of designing manual blown glass molds.

Research importance:

) Contributes to the application of advanced technology for the manufacture of thermal molds
to form glass by hand blowing.

[J From the interdisciplinary research of the Glass Department, Faculty of Applied Arts,
Helwan University, and Metals Research and Development Center.

Research objectives:

Reaching the installation of new refractory materials with physical and chemical properties that
fit the chemical and physical properties and requirements of glass forming molds in terms of
density, mechanical endurance, non-friction, cracking, non-adhesion to the thermal mold, low
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expansion and contraction, numerical achievement in production, and glass conformity to
design specifications.

Implementation of the research:

By identifying the best alternatives of thermal materials for manual blowing glass molds, it
leads to achieving the efficiency of the thermal mold in forming and operating, and thus
matching the mold outputs to the product specifications.

Research Methodology:
Inductive — experimental

Methods and procedures:

The thermal composition properties of the mold (physical and chemical) must meet the
following mold specifications:

1- Show the details form, Render Details.

2- Resistance to abrasion, flaking and refraction at the mold contact areas.

3- Density.

4- Working temperature

5- The coefficient of expansion and contraction

6- Adequate production method (inflating with rotation - inflating with pressure), appropriate
production method,

(resistance to friction during inflation with rotation. - resistance to pressures during inflation
with pressure)

7- The number of products produced, productivity

8- The percentage of conforming to the specifications of the glass product, match ratio.

The search was carried out through the following:

1- Parametric Experiments

2- Practical Experiments

First: Scientific Studies.

1- Equipment, tools and devices used to carry out laboratory experiments.

2- Conditions that must be met when conducting thermal experiments to determine the best one.
3- Laboratory thermo-settings for manual blowing glass molds.

4- Criteria for evaluating thermal experiments to determine the best ones.

5- The best refractory materials are suitable in their properties for the manufacture of hand
blown glass molds.

6- Results.

7- Recommendations.

8- Arab and foreign references.

1- Equipment, tools and devices used to carry out laboratory experiments.
1-1 Scale for weighing materials.

1-2 Sets of mixing bowls.

1-3 Multi-speed electric mixer.
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1-4 Set of sample molds5x5x5cm & 23 x5x 5cm
1-5 Dryer

1-6 Muffle Furnace

1-7 Electric saw for thermal materials.

1-8 Vernier

1-9 Cold Crushing Strength Mechanical Strength Meter.

2 - Conditions that must be met when conducting laboratory experiments

2-1 Prepare the refractory materials separately (1).

2-2 The weight of the refractory materials according to the percentage of each substance in the
refractory composition.

2-3 These ingredients are mixed together through the electric mixer on dry mode for five
minutes and then water is gradually added until we get a homogeneous mixture that takes the
form of a ball, and the percentage of water does not exceed 7-15%.

2-4 The mixture is poured into molds to form it in the form of cubes of size 5x 5 x 5 cm or it
is poured into the form of 20 x 20 x 5 cm tiles, then it is cut without adding water during cutting
S0 as not to affect its mechanical strength.

2-5 Cover with a piece of cloth so that the water does not evaporate from the surface layer of
the sample.

2-6 It is left for 24 hours for primary drying and then taken from the molds it was formed in.
2-7 The samples are placed in the dryer at a temperature of 60°C for 12 hours, then we raise the
temperature to 110°C and leave for 24 hours to ensure the initial drying of the water.

2-8 The samples are placed in a closed electric oven Kiln Furnace at a heating rate of 170 °C /
hour until we reach 1100 °C, then the temperature is stabilized for five hours and then left to
cool inside the oven or cool down through a cooling rate of 100 °C / hour, till reach room
temperature.

3 - Laboratory thermoforms for hand blown glass molds (7:2):

The refractory experiment consists of at least 25% (2) of refractory materials, preferably about
15%, of a binder with a particle size of less than 5 microns, preferably including between 1.2
microns and containing a high percentage of alumina, with a grain size of less than 20 microns,
preferably in the range (20:1) microns in successive proportions of (7:3) approximately
microns, which are the appropriate proportions for obtaining refractory concrete.

Samples are measured according to the following standard specifications:

1- Density of samples is measured at 110°C according to American Standard Testing
Measurements (ASTM) 134-95.

2- The mechanical strength density is measured at 110°C according to ASTM 133-97.

3- The density of expansion and contraction is measured at 110°C according to ASTM 133-02.
Thermal experiments included (16) experiments.

4 - Criteria for evaluating thermal experiments to determine the best ones.

4-1 1t should have a high density of 1.9: 2.6 g/cm?® so that there are no cracks in the mold bodly.
4-2 1ts mechanical strength should be greater than 120 kg / cm? in order to avoid cracks in the
body of the thermal mold.
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4-3 It should have a low shrinkage coefficient of £ 0.05 mm in order to ensure conformity with
the specifications of the glass product.
4-4 The percentage of water should not exceed 15%. The absence of pores in the mold body
affects the details of the outer shape of the glass product, and the percentage of water affects
the mechanical strength of the thermal mold and affects the rate of heat diffusion inside the
mold.
4-5 The thermal endurance range should be 1500:1300° C, so that the mold can tolerate it during
production by blowing with rotation and blowing with pressure.
4-6 1t should contain a fine particle size, preferably 5:20 microns, to show fine and smooth
textures and to ensure matching between the thermal mold and the model.

These criteria have been applied to select the best thermal installations.
Secondly, practical experiments
The obtained refractory material was applied in the glass forming mold, and the glass was
formed in two applications as follows:

The first application: The thermal material was successfully applied and the glass was blown
into the thermal mold with pressure, and the conformity rate was 95% of the design, (glass
product height 33 cm) as shown in Fig. (1)

Fig. (1) First application

The second application: The thermal material was successfully applied and the glass was
blown into the thermal mold with rotation, and the matching ratio was 98% of the design, (the
height of the glass product is 17 cm) as shown in Fig. (2).

Fig. (2) Second aplicatior{
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Results:

1- The glass designer has a pivotal role in designing molds for forming glass from refractory
materials.

2- Thermal materials have proven to be completely valid in the implementation of thermal
molds and glass formation.

3- Refractory formulations containing 50% alumina are suitable for glass blow molding with
rotation, as shown in the second application.

4- Thermal installations containing alumina with a percentage greater than 80% are suitable for
the implementation of glass blow moldings with pressure and have recessed and prominent
formations, which is clear in the first application.

5- The best thermal installations are number (5) in terms of density, resistance to cracks, thermal
endurance, resistance to fragmentation, low shrinkage coefficient, and conforming to the
technical specifications of the design of the thermal mold.

6- Using thermal molds to produce the first sample of the glass product.

7- Production and formation of artistic glass products, which cannot be produced automatically
in some products.

Recommendations:

1- Activating the role of the glass designer in designing thermoforming glass molds in products
of an aesthetic nature and one-piece products.

2- Using clean energy resources, as it is the best solution to preserve the environment and human
health, instead of the traditional energy that causes severe damage.

3- Production of the first sample of the glass product through the thermal mold.

References:

1- Motawe, Hosam Eldin Nazmy, The Basics of Designing and Implementing Molds from
Local Materials to Form Sculptural Blown Glass Products, Ph.D. Thesis, Faculty of Applied
Arts, Helwan University, 2005.

2-V. Media, Sabari, A. Ruffing, Didcock, A. Accessories Based Refractory Paints Prepared
with Alkali aluminum silicate binders, Italy, 2011.

3-Maria Schultz Loup, Salvador Villagers ‘The Manufacturing of glass pot furnaces in marina
grand (Portugal) during the last decades of the 19" Century, Portugal, 2008.

4-William D. Scoot, Refractory Molds for Glass Sintering, Department of Materials Science
and Engineering, University of Washington, Seattle, Washington, E.S.A., December, 1995.

5- Karl Eel spear and Mark Thermodynamic Analysis of Alumina Refractory Corrosion by
Sodium or Potassium Hydroxide in glass melting Furnaces, the Pennsylvania State University,
U.S.A 2002.

6- David G. Wild goose, MPhil, Anthony Johnson, PhD, Medics, and Raymond B. Win Stanley,
MDS, BDS, Glass/Ceramic/ Refractory Techniques, Their development and introduction into
dentistry: Ahistorical literature Review, School of Clinical Dentistry, University of Sheffield,
Sheffield, England, 2004.

7- Liu, G., Vu, A.-T., Dambon, O., & Klocke, F., Glass Material Modeling and its Molding
Behavior. MRS Advances, 2(16), 875-885. 2017.

8- Gleason, B., Wachtel, P., Musgraves, J. D., & Richardson, K., Using design of experiments
to improve precision glass moulding. International Journal of Experimental Design and Process
Optimization, 3(3), 263, 2013. doi:10.1504 /ijedpo.2013.055742



