HSCI-306-01 25SU

Adventures in Materials Final

Aparna Balasubramanian 0374715




Stemmed Drinkware

Glass vs. Clay-based Ceramic




ADVENTURES IN MATERIALS | SU 2025

Stemmed Drinkware

Purpose:

To contain a liquid (usually alcoholic)
without affecting its temperature through
body heat
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Ceramic Glass

https://s'hop.tibbey.com/collections/signamre—col.lecti:c')b/prqd' C aturé-greenwich-all-purpose-wine-glasses-16-ounce-set-of-4

S

Terracotta Kylix Wine Glass
1300—-1225 BCE, Greece 2015, USA

https://www.metmuseum.org/art/collection/search/252906
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Glass

Glass is classified under the material
category of ceramics.
The types of glass are:

e Soda-lime glass

e Borosilicate glass

e Lead glass (crystal)

Soda-lime glass composition|1]:
e 75 % Sand (SiO,)
e 10% Limestone (CaCO;)
e 15% Soda Ash (Na,CO;)
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Glass Structure

The molecular structure of glass is formed by polar covalent
bonds between silicon and oxygen. Silicon and oxygen share
valence electrons but since oxygen is significantly more
electronegative, the electrons pull closer towards the oxygen
atoms. This unequal sharing gives silicon a partial positive
charge and oxygen a partial negative charge, making the
lbond polar.

While the tetrahedral construction of the molecule has a
bond angle of 109.5, the angle of the oxygen that bonds
multiple molecules (bridging oxygen) is greater/lesser than
109.5. The amorphous structure of glass is due to the
differences in bond angle and length. [1]
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Glass Structure

Glass is a solid that has the atomic structure of a liquid. It is
called an amorphous solid as its molecules do not form a
crystalline lattice structure, which solids usually form.

When glass is heated its structure relaxes and changes into
a liquid state. When cooled below its glass transition
temperature, the atoms harden until they eventually freeze
into a random arrangement (like in liquid state) to avoid
forming a crystalline phase.

Understanding and controlling this property of glass

viscosity helps manufacturers create glass products with
desirable qualities. [1]
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Glass Properties
Bonding Network

Mechanical
e The tighly linked, rigid network created by the bonds
strongly resists deformation and surface scratches.

e The rigid network lacks slip planes (like in layered
structures of crystalline material) so when stress is
applied it can't deform to absorb energy. This causes the
bonds to shatter, leading to fracture.

Insulative
e Unlike the delocalized electrons (sea of electrons) in
metals that move freely to carry charge and heat, the
electrons between silicon and oxygen atoms are held
tightly by the covalent bonds. This lack of free moving
electrons makes glass a good insulator of heat and
electricity.

[2][3]
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Glass Properties
Amorphous Structure

Thermal
e Glass doesn’'t have a specific melting point. It softens
gradually over a temperature range (working range)
which allows for it to be blown, pressed and shaped.

e Glass is isotropic in nature, which means that its material
properties are uniform in all directions. With no repeating
atomic lattice structure (no long-range order), there is
no reference plane or axis for variation in properties like
strength, hardness, thermal expansion, etc.

Optical
e Glass’ structure has a large band gap (energy difference
between valence and conduction band) that's energy is
greater than visible light's photon energy. Since the
photons don’t have enough energy to move electrons
across this gap, they aren’'t absorbed and pass through,
making glass transparent in visible light.

[2][3]
APARNA BALA

10



ADVENTURES IN MATERIALS | SU 2025

Why glass stemmed drinkware?

e Visual aesthetic of optical transparency
which helps see the liquid contained

e Resistance to surface scratches and
chipping helps during frequent use

 Thermal insulation keeps drinks colder for
longer periods of time
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Clay-based Ceramic

Clay-based ceramics falls under the
ceramics category in material classification. It
IS a composite material, made using varying
ratios of [4] :

e Clay - the plasticizer

eg. silica, alumina
e Flux - the melter

eg. calcium, potassium, sodium
e Filler - the structure

eg. boron, lithium, phosphorus
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Clay-based Ceramic Structure

Clay provides the necessary plasticity for the clay body to form
and hold shape. They contain hydrous aluminum silicates that
dictate color, plasticity and texture based on their origin.|5]

Features

Origin
Particle
Purity
Plasticity
Refractory

Example

Primary Clay

Residual
Large, irregular
High (low contamination)
Low
Melts at high temp

Kaolin

Secondary Clay

Sedimentary
Fine, flat, uniform
Low (high contamination)
High
Melts at low temp

Ball clay, stoneware
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Clay-based Ceramic Structure

Non-vitreous

Fluxes lower the melting point of the clay body to promote
vitrification during firing. Vitrification is the process where
the clay body becomes dense and non-porous as the
components melt and fuse together. [6]

eg. feldspar that naturally contains fluxing oxides like
potassium oxide (K,0) or sodium oxide (Na,O)

Vitreous

[6]

Fillers are non-plastic materials that are added to the clay
body to control shrinkage which reduces the risk of cracking
and warping during drying and firing. They provide a
structural skeleton for the clay and also add texture. [6]

eg. Silicon dioxide (SiO,), grog (fired clay that is ground up)
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Clay-based Ceramic Structural Changes

During Forming

In the wet stage, clay minerals are formed of very fing, flat,
hexagonal platelets that electrostatically attract water to
the platelets’ surface. The water layer acts like a lubricant
which allows the platelets to slide past each other, giving the
material its plasticity.

As the water evaporates when drying, the capillary action
pulls the platelets together causing physical shrinkage.

During Firing
1.Dehydration and Decomposition
e Kaolin transforms into metakaolin as the hydroxyl groups
(OH) are driven out of the clay’s crystal lattice
e Fluxes begin to decompose, releasing alkali oxides.

[7]
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Clay-based Ceramic Structural Changes

2. Vitrification

e The alkali oxides react to the silica in the filler and
metakaolin, creating a eutectic system - where the
combination of oxides melt at a significantly lower
temperature than any individual component would by itself.

e The molten material begins to flow into the pores of the
remaining solid particles. This liquid phase sintering pulls the
particles together causing more shrinkage, leading to the
increase of density and vitrification of the body.

3. Crystalline Skeleton
e The crystalline structure of the silica filler changes causing a
slight and abrupt volume change. This creates internal
stresses that are manages by slow heating and cooling.
e The unstable metakaolin begins to recrystallize, forming a
silica-rich spinal structure that transforms into mullite
(AlsSi,043). This forms interlocking, needle-like crystals. 7]
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Clay-based Ceramic Properties

Properties of ceramics are dependent on the ratio and
interaction between its crystalline and glassy phases.

Crystalline Skeleton
e The crystalline structures provide strength and rigidity
due to the interlocking atomic lattices. They have high
melting points and give ceramics its characteristic
hardness and thermal stability.
e The interlocking mullite crystals are effective at resisting
cracks, like rebar reinforcing concrete.

Glassy Binder Glue
e The glassy phase fills the voids between the crystalline
particles binding them together. This is what makes
ceramics dense, impermeable to liquids and gives it a
smooth surface.

APARNA BALA
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Clay-based Ceramic Properties

By changing the ratio of the clay and filler to flux, we can
determine the final ratio of glass to crystal, which dictates

the ceramic’s behavior.
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Why clay-based ceramic
stemmed drinkware?

e Opacity of drinkware can protect from light
and radiating heat.

 High potential for aesthetic surfacing (glazing,
textures, surfacing)Plasticity of clay can help
shape a variety of forms

e Good thermal insulator that keeps drinks cold

e Fully vitrified ceramics are non-porous and
chemically inert.
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Comparision

Factors

Property

Glass

Clay-based Ceramic

Functionality

Thermal Insulation

Good thermal insulation, but insulates less
due to thin walls

High thermal insulation due to thicker walls
and higher heat capacity despite similar
conductivity

Personality

Surface finishing &
Forming Method

Uniform and Precise
e smooth surface, perfect clarity
e communicates elegance and tradition

Variable and Unique
e can be glazed any color or texture
e communicates craft and substance

21



Comparision

Factors Property Glass Clay-based Ceramic
e Lower cost due to automated production e Higher cost from multi-stage hand work
e Value s in precision and brand and firing
e Value is in craft and uniqueness
Forming process &
Cost & Value Energy input
e Low fracture toughness makes it brittle e Higher fracture toughness makes it
and easy to shatter more durable against chipping
e Transparent in visible light, can see liquid e Opaque in visible light, can’t see liquid
- Fracture toughness
Usabillity & 9

Optical transparency
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Comparision

Factors

Property

Glass

Clay-based Ceramic

Sustainability

End of Life Path

Recyclable - can be melted and reformed

into new glass infinitely

2. #“g\

Durable - not recyclable; sustainability is
lbased on extreme longevity; ends up in
landfill if broken

Fire Resistance

Coefficient of
Thermal Expansion,
Flammability,
Ignition & Toxic
Fume Production

High CTE - prone to thermal shock

Starts to soften at 700C

Does not support fire spreading
Non-combustible mateiral
Does not produce toxic fumes

Low CTE - excellent thermal shock
resistance due to pre-fired, composite
Composition changes at 1200C and above
Zero flame spread

¢ Non-combustible, no toxic fumes
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Material Testing

Tensile testing glass and ceramics

APARNA BALA
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Impossible Materials

Flexible Glass (Willow Glass by Corning) [8]

Glass is usually prone to shattering due to its brittle nature. Corning has
created flexible glass by letting glass’ rigid atomic network behave
elastically by producing ultra thin sheets of it. With the addition of an
alkali free composition that ensures structural stability, the extreme
thinness allows for elastic deformation. They also use manufacturing
techniques (fusion draw) to produce continuous, defect-free sheets that
withstand ebending while preserving hardness and optical tansparency.

Translucent Ceramics [9]

Ceramics are normally opaque in visible light due to its composition and
atomic structure. Translucent porcelain works because it has a higher flux
content, which promotes melting during firing and creates a high glass
content that fills pores and lets light pass more easily. It is made from very
pure, low-iron clay, which keeps the body white and free from
discoloration. Its dense, fine-grained mulllite structures reduce the
number of surfaces that can scatter light. The refractive indices of the
glassy phase and the crystals are closely matched, so light can travel
through with minimal distortion.

>y

=,
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	Stemmed Drinkware
	Purpose :  To contain a liquid (usually alcoholic) without affecting its temperature through body heat
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	Ceramic
	Glass
	Terracotta Kylix
	Wine Glass
	1300–1225 BCE, Greece
	2015, USA
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	Glass
	Glass is classified under the material category of ceramics.  The types of glass are:
	Soda-lime glass
	Borosilicate glass
	Lead glass (crystal)
	Soda-lime glass composition[1]:
	75 % Sand (SiO2)
	10% Limestone (CaCO3)
	15% Soda Ash (Na2CO3)
	Soda-lime-silica (SiO4) molecules


	Glass Structure
	The molecular structure of glass is formed by polar covalent bonds between silicon and oxygen. Silicon and oxygen share valence electrons but since oxygen is significantly more electronegative, the electrons pull closer towards the oxygen atoms. This unequal sharing gives silicon a partial positive charge and oxygen a partial negative charge, making the bond polar.
	While the tetrahedral construction of the molecule has a bond angle of 109.5, the angle of the oxygen that bonds multiple molecules (bridging oxygen) is greater/lesser than 109.5. The amorphous structure of glass is due to the differences in bond angle and length.  [1]
	Oxygen
	Silicon
	Bridging Oxygen
	[1]
	Na₂O · CaO · 6SiO₂
	[2]


	Glass Structure
	Glass is a solid that has the atomic structure of a liquid. It is called an amorphous solid as its molecules do not form a crystalline lattice structure, which solids usually form.
	When glass is heated its structure relaxes and changes into a liquid state. When cooled below its glass transition temperature, the atoms harden until they eventually freeze into a random arrangement (like in liquid state) to avoid forming a crystalline phase.
	Understanding and controlling this property of glass viscosity helps manufacturers create glass products with desirable qualities. [1]
	[3]


	Glass Properties
	Bonding Network
	Mechanical
	The tighly linked, rigid network created by the bonds strongly resists deformation and surface scratches.
	The rigid network lacks slip planes (like in layered structures of crystalline material) so when stress is applied it can’t deform to absorb energy. This causes the bonds to shatter, leading to fracture.

	Insulative
	Unlike the delocalized electrons (sea of electrons) in metals that move freely to carry charge and heat, the electrons between silicon and oxygen atoms are held tightly by the covalent bonds. This lack of free moving electrons makes glass a good insulator of heat and electricity.
	[2][3]




	Glass Properties
	Amorphous Structure
	Thermal
	Glass doesn’t have a specific melting point. It softens gradually over a temperature range (working range) which allows for it to be blown, pressed and shaped.
	Glass is isotropic in nature, which means that its material properties are uniform in all directions. With no repeating atomic lattice structure (no long-range order), there is no reference plane or axis for variation in properties like strength, hardness, thermal expansion, etc.

	Optical
	Glass’ structure has a large band gap (energy difference between valence and conduction band) that’s energy is greater than visible light’s photon energy. Since the photons don’t have enough energy to move electrons across this gap, they aren’t absorbed and pass through, making glass transparent in visible light.
	[2][3]




	Why glass stemmed drinkware?
	Visual aesthetic of optical transparency which helps see the liquid contained
	Resistance to surface scratches and chipping helps during frequent use
	Thermal insulation keeps drinks colder for longer periods of time

	Clay-based Ceramic
	Clay-based ceramics falls under the ceramics category in material classification. It is a composite material, made using varying ratios of [4] :
	Clay - the plasticizer
	eg. silica, alumina
	Flux - the melter
	eg. calcium, potassium, sodium
	Filler - the structure
	eg. boron, lithium, phosphorus

	Clay-based Ceramic Structure
	Clay provides the necessary plasticity for the clay body to form and hold shape. They contain hydrous aluminum silicates that dictate color, plasticity and texture based on their origin.[5]
	Features
	Origin
	Particle
	Purity
	Plasticity
	Refractory
	Example

	Primary Clay
	Residual
	Large, irregular
	High (low contamination)
	Low
	Melts at high temp
	Kaolin

	Secondary Clay
	Sedimentary
	Fine, flat, uniform
	Low (high contamination)
	High
	Melts at low temp
	Ball clay, stoneware
	[4]
	Structure of silicate clay



	Clay-based Ceramic Structure
	Fluxes lower the melting point of the clay body to promote vitrification during firing. Vitrification is the process where the clay body becomes dense and non-porous as the components melt and fuse together. [6] eg. feldspar that naturally contains fluxing oxides like potassium oxide (K2​O) or sodium oxide (Na2​O)
	Non-vitreous
	Vitreous
	[6]

	Fillers are non-plastic materials that are added to the clay body to control shrinkage which reduces the risk of cracking and warping during drying and firing. They provide a structural skeleton for the clay and also add texture. [6] eg. Silicon dioxide (SiO2), grog (fired clay that is ground up)
	[5]


	Clay-based Ceramic Structural Changes
	During Forming In the wet stage, clay minerals are formed of very fine, flat, hexagonal platelets that electrostatically attract water to the platelets’ surface. The water layer acts like a lubricant which allows the platelets to slide past each other, giving the material its plasticity.
	As the water evaporates when drying, the capillary action pulls the platelets together causing physical shrinkage.
	During Firing
	Dehydration and Decomposition
	Kaolin transforms into metakaolin as the hydroxyl groups (OH) are driven out of the clay’s crystal lattice
	Fluxes begin to decompose, releasing alkali oxides.
	[7]



	Clay-based Ceramic Structural Changes
	2. Vitrification
	The alkali oxides react to the silica in the filler and metakaolin, creating a eutectic system - where the combination of oxides melt at a significantly lower temperature than any individual component would by itself.
	The molten material begins to flow into the pores of the remaining solid particles. This liquid phase sintering pulls the particles together causing more shrinkage, leading to the increase of density and vitrification of the body.
	3. Crystalline Skeleton
	The crystalline structure of the silica filler changes causing a slight and abrupt volume change. This creates internal stresses that are manages by slow heating and cooling.
	The unstable metakaolin begins to recrystallize, forming a silica-rich spinal structure that transforms into mullite (Al₆Si₂O₁₃). This forms interlocking, needle-like crystals.
	[7]
	Mullite Crystals

	[7]


	Clay-based Ceramic Properties
	Properties of ceramics are dependent on the ratio and interaction between its crystalline and glassy phases.
	Crystalline Skeleton
	The crystalline structures provide strength and rigidity due to the interlocking atomic lattices. They have high melting points and give ceramics its characteristic hardness and thermal stability.
	The interlocking mullite crystals are effective at resisting cracks, like rebar reinforcing concrete.

	Glassy Binder Glue
	The glassy phase fills the voids between the crystalline particles binding them together. This is what makes ceramics dense, impermeable to liquids and gives it a smooth surface.


	Clay-based Ceramic Properties
	By changing the ratio of the clay and filler to flux, we can determine the final ratio of glass to crystal, which dictates the ceramic’s behavior.
	[8]


	Why clay-based ceramic stemmed drinkware?
	Opacity of drinkware can protect from light and radiating heat.
	High potential for aesthetic surfacing (glazing, textures, surfacing)Plasticity of clay can help shape a variety of forms
	Good thermal insulator that keeps drinks cold
	Fully vitrified ceramics are non-porous and chemically inert.

	Comparing Glass and Ceramic stemmed drinkware
	Context - Drinking alcohol
	Formal occasions
	Casual occasions


	Comparision
	Factors
	Property
	Glass
	Clay-based Ceramic
	Good thermal insulation, but insulates less due to thin walls
	High thermal insulation due to thicker walls and higher heat capacity despite similar conductivity

	Functionality
	Uniform and Precise
	smooth surface, perfect clarity
	communicates elegance and tradition
	Variable and Unique
	can be glazed any color or texture
	communicates craft and substance

	Personality

	Comparision
	Factors
	Property
	Glass
	Clay-based Ceramic
	Lower cost due to automated production
	Value is in precision and brand
	Higher cost from multi-stage hand work and firing
	Value is in craft and uniqueness

	Cost & Value
	Low fracture toughness makes it brittle and easy to shatter
	Transparent in visible light, can see liquid
	Higher fracture toughness makes it more durable against chipping
	Opaque in visible light, can’t see liquid

	Usability

	Comparision
	Factors
	Property
	Glass
	Clay-based Ceramic
	Recyclable - can be melted and reformed into new glass infinitely
	Durable - not recyclable; sustainability is based on extreme longevity; ends up in landfill if broken

	Sustainability
	Low CTE - excellent thermal shock resistance due to pre-fired, composite
	Composition changes at 1200C and above
	Zero flame spread
	Non-combustible, no toxic fumes
	High CTE - prone to thermal shock
	Starts to soften at 700C
	Does not support fire spreading
	Non-combustible mateiral
	Does not produce toxic fumes

	Fire Resistance

	Material Testing
	Tensile testing glass and ceramics
	Resin
	Resin+Ceramic
	Resin+Glass


	Impossible Materials
	Flexible Glass (Willow Glass by Corning) [8] Glass is usually prone to shattering due to its brittle nature. Corning has created flexible glass by letting glass’ rigid atomic network behave elastically by producing ultra thin sheets of it. With the addition of an alkali free composition that ensures structural stability, the extreme thinness allows for elastic deformation. They also use manufacturing techniques (fusion draw) to produce continuous, defect-free sheets that withstand ebending while preserving hardness and optical tansparency.
	Translucent Ceramics [9] Ceramics are normally opaque in visible light due to its composition and atomic structure. Translucent porcelain works because it has a higher flux content, which promotes melting during firing and creates a high glass content that fills pores and lets light pass more easily. It is made from very pure, low-iron clay, which keeps the body white and free from discoloration. Its dense, fine-grained mullite structures reduce the number of surfaces that can scatter light. The refractive indices of the glassy phase and the crystals are closely matched, so light can travel through with minimal distortion.
	[10]


	Works Cited
	1
	2
	3
	4
	5
	6
	7
	8
	9
	Libretexts. “1.7: Glasses.” Chemistry LibreTexts, 3 May 2023, chem.libretexts.org/Bookshelves/Inorganic_Chemistry/Introduction_to_Solid_State_Chemistry/01%3A_Lectures/1.07%3A_Glasses.
	Lee, Sarah. The Science Behind Glass: Properties and Applications. www.numberanalytics.com/blog/science-behind-glass-properties-applications.
	Varshneya, and Arun Kumar. “Industrial Glass | Types, Uses, and Properties.” Encyclopedia Britannica, 26 July 1999, www.britannica.com/science/industrial-glass#ref76316.
	Maheswari, Anshutha. “Mastering Ceramics: A Deep Dive Into Clay Composition.” Formulators Inc, 1 Dec. 2023, formulatorsinc.in/blogs/ceramics/mastering-ceramics-a-deep-dive-into-clay-composition?srsltid=AfmBOoqBmYT0SUDxt3-MJ_XGCmEAczm1yvnAyVG2eXx5EkYuk6SiJ1F1.
	CLAY GEOLOGY | Glendale Community College. www.glendale.edu/academics/academic-divisions/visual-performing-arts-division/ceramics/study-guides/clay-geology.
	Kumari, Neeraj, and Chandra Mohan. “Basics of Clay Minerals and Their Characteristic Properties.” IntechOpen eBooks, 2021, https://doi.org/10.5772/intechopen.97672.
	Kodama, et al. “Clay Mineral | Definition, Structure, Composition, Uses, Types, Examples, and Facts.” Encyclopedia Britannica, 26 July 1999, www.britannica.com/science/clay-mineral.
	Corning Willow Glass | Ultra-thin, Bendable, Flexible Glass Sheet | Corning. www.corning.com/worldwide/en/innovation/corning-emerging-innovations/corning-willow-glass.html.
	“Translucent Porcelain.” Default, ceramicartsnetwork.org/ceramics-monthly/ceramics-monthly-article/Translucent-Porcelain-131594.

	Image Reference
	Historical Timeline
	“Goblet Decorated With a Frieze of Birds - Iran - Chalcolithic - the Metropolitan Museum of Art.” The Metropolitan Museum of Art, www.metmuseum.org/art/collection/search/323790.
	“Goblet - Iran - Early Bronze Age - the Metropolitan Museum of Art.” The Metropolitan Museum of Art, www.metmuseum.org/art/collection/search/323711.
	“A Superb Black ‘eggshell’ Pottery Stemcup Longshan Culture, C. 2500-2000 B.C. 龍山文化 蛋殼黑陶高足盃 | Ancient Civilisations – Neolithic Pottery Including the Collection of Ronald W. Longsdorf | 2022 | Sotheby’s.” Sotheby’s, www.sothebys.com/en/buy/auction/2022/ancient-civilisations-neolithic-pottery-including-the-collection-of-ronald-w-longsdorf/a-superb-black-eggshell-pottery-stemcup-longshan.
	“Reconstructed Lotiform Chalice - Third Intermediate Period or Later - the Metropolitan Museum of Art.” The Metropolitan Museum of Art, www.metmuseum.org/art/collection/search/553649.
	“Terracotta Kylix (Drinking Cup) With Flower - Mycenaean - Late Helladic IIIB1 - the Metropolitan Museum of Art.” The Metropolitan Museum of Art, www.metmuseum.org/art/collection/search/252906.
	Harvard. “Kylix (Drinking Cup): Satyr and Maenad; Dionysos, Satyrs, and Maenads | Harvard Art Museums.” Harvard Art Museums, 6 Aug. 2025, harvardartmuseums.org/collections/object/292377.
	Grainger Engineering Office of Marketing and Communications. “The World’s Most Sensitive Plasmon Resonance Sensor Inspired by Ancient Roman Cup.” The Grainger College of Engineering | Illinois, 14 Feb. 2013, grainger.illinois.edu/news/stories/2013-02-14-worlds-most-sensitive-plasmon-resonance-sensor-inspired-ancient-roman-cup.
	“Stem Cup - China - Tang Dynasty (618–907) (?) - the Metropolitan Museum of Art.” The Metropolitan Museum of Art, www.metmuseum.org/art/collection/search/48317.
	“Beaker With Relief-cut Decoration - the Metropolitan Museum of Art.” The Metropolitan Museum of Art, www.metmuseum.org/art/collection/search/452522.
	Museum, Victoria and Albert. “Goblet | Unknown | V&a Explore the Collections.” Victoria and Albert Museum: Explore the Collections, collections.vam.ac.uk/item/O138/goblet-unknown.
	“One From a Set of Six Side Dishes (Mukōzuke) for Tea Gathering Meal (Cha-kaiseki) - Japan - Momoyama Period (1573–1615) - the Metropolitan Museum of Art.” The Metropolitan Museum of Art, www.metmuseum.org/art/collection/search/52210.
	18th C Georgian Wine Drinking Glass Facet Cut Stem Hand Blown, Ca 1785. www.1stdibs.com/furniture/dining-entertaining/glass/18th-c-georgian-wine-drinking-glass-facet-cut-stem-hand-blown-ca-1785/id-f_27457592.
	Exhibit Antiques. “Tall 19th Century Rococo Engraved Lobmeyr Glass Goblet C1870 - DM - Wine Glasses | Exhibit Antiques.” Exhibit Antiques, www.exhibitantiques.com/item/3553/exhibitantiques/Tall-19th-Century-Rococo-Engraved-Lobmeyr-Glass-Goblet-c1870.html.
	“Iittala Tapio White Wine Glass 6 Oz, Set of 2 - the Century House - Madison, WI.” The Century House - Madison, WI, 12 Apr. 2022, centuryhouseinc.com/product/iittala-tapio-white-wine-glasses-set-of-2.
	“Libbey Signature Greenwich All Purpose Wine Glasses, 16 Ounce, Set of 4.” Libbey Shop, shop.libbey.com/products/libbey-signature-greenwich-all-purpose-wine-glasses-16-ounce-set-of-4?bvstate=pg:2/ct:r.


	Image Reference
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	pPoulain, Marcel. “Halide Glasses.” Elsevier eBooks, 2021, pp. 591–622. https://doi.org/10.1016/b978-0-12-818542-1.00096-5.
	Glass, Kopp. “3 Common Glass Types: Properties and Applications.” Kopp Glass, www.koppglass.com/blog/3-common-glass-types-properties-and-applications.
	Ojovan, Michael. Materials Science, Glasses. 9 May 2024, encyclopedia.pub/entry/8713.
	“(PDF) Modelling the Change in Conductivity of Soil Associated With the Application of Saline-sodic Water.” ResearchGate, www.researchgate.net/publication/277165188_Modelling_the_change_in_conductivity_of_soil_associated_with_the_application_of_saline-sodic_water/figures?lo=1.
	Lou Lou Pottery - Facebook. www.facebook.com/photo.php?fbid=1393266571036816&id=750630135300466&set=a.751110915252388.
	Hansen, Tony. Non-vitreous Bodies Break Very Differently Than Vitreous Ones. digitalfire.com/picture/BHwJy8ZFHd.
	“(PDF) Advanced Ceramics From Preceramic Polymers Modified at the Nano-Scale: A Review.” ResearchGate, www.researchgate.net/publication/263035723_Advanced_Ceramics_from_Preceramic_Polymers_Modified_at_the_Nano-Scale_A_Review/figures?lo=1.
	“EarthenImpressionsCo - Etsy.” Etsy, www.etsy.com/shop/EarthenImpressionsCo?ref=shop-header-name&listing_id=752352330&from_page=listing.
	“Ceramic Wine Glasses.” Grape Witches, grapewitches.com/products/ceramic-wine-glasses.
	Corning Willow Glass Substrate | Flexible Glass Displays | Corning. www.corning.com/asean/en/products/display-glass/products/corning-willow-glass.html.


