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Abstract 
 

 
‘Study of Decorative Elements Inspired by Frost Formations’ focuses 

on making frost-like decorations using metalsmithing techniques. 

 

Frost is a natural weather phenomenon that occurs during cold and 

humid conditions. The appearances of frost on plants and other surfaces 

were an inspiration for this collection of work. To make frost-like 

decorative elements, it was imperative to study about frost formations. This 

thesis will include what frost is, the different types of frost and how it forms. 

The decorative elements are made with metalsmithing techniques and use of 

one of the natural characteristics of metal, which is the melting point. 

 
Frost is formed when the temperature of the surface is colder than the 

surrounding humid air. This phenomenon inspired the creation of frost 

decorative elements, which are formed by melting metal and thus reversing 

the frost process. Different metalsmithing techniques are used in various 

ways to achieve the appearance of frost. These metalsmithing techniques 

include; balling up wires, using textured hammers, using the TIG welder, 

and making granules. With these techniques, different types of frost are 

represented, such as hoar frost, rime frost, advection frost and window frost. 

These four types of frost are selected on the basis of the characteristics of 

their appearances and formation. The last section of this thesis will 

introduce work with frost decorative elements applied. This section will 

start with sample works that leads to the final work. The works consist of 

trays, plates, bowls, vases, and some jewelry. To concentrate on the 

decorative elements, the forms will be kept as simple as possible, limiting 
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each work to one or two decorative elements. 

The intention of this thesis is to create decorative elements inspired by 

nature and incorporating it into metalsmithing techniques. There are a lot of 

ideas and a great deal of inspiration that can come from this subject, and 

hopefully this research can demonstrate, and lead to, many possibilities in 

making frost-inspired elements.  
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Chapter 1: Introduction 
 

1.1. Research Background and Purpose 
 

This thesis will focus on decorative elements inspired by frost 

formations on plants and on applying them onto metal objects. Frost is 

defined as ice deposits from humid air during cold weather. The unique 

patterns of these ice crystals often appear to outline the leaves as if 

decorating them. This became an inspiration to create frost-like decorative 

elements, which can be applied not only to jewelry but also to metal objects.  

 
Although frost can form on other surfaces, this thesis was specifically 

inspired by frost formations on plants. Frost on plants was attractive because 

it gave the impression of adornment. Whether it was for beauty or status, 

people have been adorning themselves with jewelry for centuries. The 

thought of this brought in the question of what adornment means, and what 

effects can decorative elements have to an object. 

 
The word ‘frost’ is used in many ways in the English language. 
 
Frost: verb 
cover (something) with or as if with small ice crystals; freeze 
North American decorate (a cake, cupcake, or other baked item) with icing.1 
Frosting: noun 
1. North American Icing 
2. a roughened matte finish on otherwise shiny materials such as glass or 
steel.2 

                                            
1
 “Frost.” Oxforddictionaries.com. 

2 “Frosting.” Oxforddictionaries.com. 
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As the above definition explains, frost can be used as a decorative 

finish and considered a form of decorating. The difference between 

decorations in other areas, such as baking and glass, and the decorative 

elements in this thesis is that the elements discussed here have been inspired 

by different types of frost. Most frost-inspired decorations are influenced by 

the appearance of window frost. The elements that will be introduced in this 

thesis are inspired by different types of frost and represent them in different 

forms by manipulating the metal using its melting point. 

The purpose is to achieve a frost-like appearance visually and 

incorporate the natural characteristics of metal, which is also inspired by the 

process of frost formation. Applying decorative elements to metal objects 

attempts to understand the meaning of decorations and what function 

decorative elements carry.  

 

 

1.2. Research Method and Range 

 
To make frost-like decorative elements, it was important to research 

the process of frost formations and different types of frost. Before getting 

right into making frost-like elements, it was important to learn about frost. 

The formation of frost and different types of frost are introduced and most 

of the decorative elements are inspired by this research. Frost is formed 

when cold humid air freezes onto surfaces leaving white ice deposits. 

Sometimes humid air directly forms into frost or the humid air condenses 

into a liquid form and freezes. Depending on how it is formed it is 

categorized into different types of frost. Artworks by other artists, which are 

visually similar to frost, will be introduced to demonstrate the impression of 
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frost.  

Frost is a solid state of water. Water and metal are similar in a sense 

that both elements have great thermal conductivity. Both substances can 

exist in liquid and solid states depending on changes in temperature. This 

process influenced the approach of making frost decorative elements with 

metal. These elements will be shown using samples, which were made using 

metalsmithing techniques. The work will be presented in stages. Firstly, a 

specific frost type will be identified. Then, by a process of experimentation, 

a sample will be made by melting metal. Once a successful sample is made, 

it will then be applied to a form that would complement the decorative 

elements.  

 

The final body of work will be a series of metal objects, such as vases, 

plates, bowls and also jewelry.  

 

The work will consist of the following: 

 

- simple form 

- limited to one or two decorative elements per work 

- decorative elements will focus on the edge of the piece 

- melting of metal  

 

To focus on the decorative elements, the forms will be kept as simple as 

possible. Most of the decorative elements will be concentrated on the outer 

edge of the work. Each work will be limited to one or two decorative 

elements. All the decorative elements include the melting of metal at some 

point in the process.  
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Chapter 2: Nature to Metal 
 

2.1 Frost3 

2.1.1 Meaning of Frost 

① Definition 

 

 

Frost is generally defined as the deposit of small 

white ice crystals formed on the ground or other 

surfaces when the temperature falls below freezing 

due to radiation cooling. John E. Oliver, author of 

‘Encyclopedia of World Climatology’, considers 

frost as a mineral. 

 

 
 

As a mineral, it crystallizes according to the hexagonal 
system featuring six-sided plates, needles, clusters, and columns. 
The crystals are subjects of innumerable variations of twinning 
and dendritic or arborescent growth. None of the variations are 
unusual in the mineral world, but the melting point of water 
limits observations, whereas similar crystallization can be found 
in commonly seen metallic and non-metallic minerals.4 

                                            
3
 Multiple resources (https://en.wikipedia.org/wiki/Frost, 

http://navercast.naver.com/contents.nhn?rid=116&contents_id=72097, MacDougal, D.T., 
Botanical Gazette Vol.27 No.1, The University of Chicago Press, 1899, pp.69-71.) 
4
 Oliver, John E., Encyclopedia of World Climatology, Springer Science & Business 

Media, 2008, p.381. 

 [Figure 1] Frost on Rose 
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Depending on various conditions such as humidity, temperature, and 
the surfaces, frost differs in formation. The diagram below shows the effects 
of temperature and humidity in formation.   

 

 

 

 

 

 
 

 

② Formation 

 

Frost is formed only in the area that is colder than the surrounding air. 

Snow forms through a similar process but the difference is that frost is 

formed on solid surfaces, whereas snow crystals are formed in the clouds. If 

a solid surface is chilled below the dew point, which is the atmospheric 

temperature below which water droplets begin to condense, ice will form on 

it. Determined by its process of formation, frost is categorized into different 

types. Depending on its type, frost may appear glassy, opaque, or crystalline. 

 

Some frosts are formed from liquid and some are formed directly from 

humid air. Frost formations from desublimation, which skips the liquid 

phase, appear opaque and feathery. Examples of frost formed by 

[Figure 2] Snow Crystal Morphology Diagram 
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desublimation are hoar frost, advection frost, etc. 

Occurrences from liquid to solid appear mostly clear and glassy. 

Examples are window frost, rime frost, frost flowers etc. These types of 

frost are formed when dew or moisture from humid air condense on cold 

surfaces below freeze point. 

 

③ Types of Frost 

 

Various types of frost exist in different parts of the atmospheric 

environment. Determined by the appearances and the way it is formed, frost 

types are identified as: hoar frost, window frost, needle ice, frost flowers, 

rime, advection frost, black frost, hair ice etc. In this chapter, four types of 

frost will be discussed due to the characteristics of their shapes and 

formations. 

 

 

Hoar Frost 

 

Hoar frost is the most common type of frost. 

Hoar frost is formed during cold, clear nights 

when the objects cool below the freezing point of 

water, which water vapor desublimates. Hoar frost 

appears opaque and feathery. It appears white and 

opaque because of the desublimation process, 

which traps air bubbles within the ice formations. 

[Figure 3] Hoar Frost on 
Leaves 
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Window Frost 

 

Window frost or so-called fern frost was the 

most common type in the past before double pane 

windows began to be used extensively. Window 

frost occurs on glass that is exposed to cold air on 

one side and warmer humid air on the other side. 

Water condenses and freezes creating fern-like 

patterns. According to NOAA these patterns are 

unlikely to repeat themselves. Window frost is 

classified by certain peculiarities of form or by 

resemblance to the forms of certain objects in 

nature.5 

 

 
Type WLA.  Linear crystals; resembling serrated lines. 
Type WBB.  “Branch like”; resembling trees, ferns, etc. 
Type WFC.  “Filamentous”; resembling sea moss, etc. 
Type WMD.  “Meandering”: tufted forms. 
Type WSE.  Solid “lamellar” crystals. 
Type WCG.  “Columnar”; resembling columns. 
Type WHO.  “Open”, wrench-like forms. 
Type WTI.  “Tooth-shaped” crystals. 
Type WFJ.  “Fibroid” forms; resembling fibers. 
Type WGK.  “Granular” frozen dew frost.6 
 

                                            
5
 Monthly Weather Review, September, 1907, www.noaa.gov, p.399.  

6
 Monthly Weather Review, September, 1907, www.noaa.gov, p.401.  

[Figure 4] Window Frost 
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Rime Frost and Advection Frost 

 

 

Rime frost happens rather more quickly than other types of frost leaving 

a surface with an icy solid appearance during wet climates. Rime frost is 

made of water drops carried through mist or fog and freezes onto solid 

surfaces. Rime tends to develop over for many hours into combs and needle 

forms. Because rime frost is formed directly from moisture in the air, it 

appears glassy. Advection frost is a collection of tiny ice spicules formed in 

the cold wind. It usually forms against the direction of the wind. Similar to 

rime frost, advection frost accumulates over time, creating spike-like forms.  

 

[Figure 5] Rime Frost and Advection Frost 



 

 9 

2.1.2 Other Meanings and Use of Frost and Frosting 
 

① Frosting in Culinary Arts 
 
 

Frosting in culinary arts, specifically in 

pastry and baking, is a creamy glaze made of egg 

whites and sugar. This frosting is made to cover 

cakes or decorate other baked goods such as 

cookies and cupcakes. As a verb, ‘frost’ implies 

the meaning ‘to decorate’.  

Decorating baked goods with frosting was 

introduced in the 1600s, and it is also called 

icing because it resembles ice when it is 

hardened.7 Icing and frosting differ in terms of 

the ingredients that they are made with. Icing is 

made using egg whites and sugar, while frosting 

is made using milk or butter. The idiom ‘icing 

on the cake’ means to make something that’s already good more desirable or 

better. In four-character idioms in Korean, geumsangchumhwa(금상첨화) 

has the same meaning. 

 

② Frosting in Decorative Arts 

 

In decorative arts, frosting refers to a decorative effect named after its 

resemblance to the appearance of frost. Frosting is also defined as ‘a 

                                            
7 Oulton, Randla. Icing & Frosting, 2004, www.cooksinfo.com/icing-frosting. 

[Figure 6] Cake with Frosting, 
Maggie Austin Cake 
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roughened matte finish on otherwise shiny materials such as glass or steel.’8 

Ancient Egyptian steles 9  were made 

with this technique. It involves making very 

small marks in a surface so that it appears 

matte rather than polished, and glass appears 

opaque rather than optically transparent. 

Because of this effect, it is commonly 

incorporated in interior design for privacy and 

as a design element in light bulbs. Frosting is 

also used when adorning coins. For centuries, 

in woodworking, textured punches called 

frosters have been used for texturing the 

background of relief carvings.10  

 

③ Personification of Frost 

 

The personification of frost 

originates from different cultures. 

Jack Frost is one of the most 

popular frost related individuals. 

Jack Frost is an elf who is known 

to come out during cold winter 

nights, leaving beautiful frost 

designs on windows with a 

                                            
8 “Frosting.”, Oxforddcitionaries.com. 
9 A stele or stela is a stone or wooden slab, made as a monument usually for funerary or 
commemorative purposes. “Stele.”, https://en.wikipedia.org/wiki/Stele. 
10 “Stamp Sets.”, www.leevalley.com. 

[Figure 7] Frosted Window in 
Interior Design 

[Figure 8] Illustration of Father Frost 
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paintbrush. This personification of frost came from Anglo-Saxon and Norse 

winter customs. In Russian fairytales, frost and cold weather is depicted as 

Father Frost.11 In Germany, frost comes from feathers dusted off from an 

old lady’s bed.12 

 

                                            
11

 Lang, Andrew, The Yellow Fairy Book, Dover Publications, 1966, pp. 209-212. 
12 Grimm, Jacob, Hunt, Margaret, and Grimm, Wilhelm, Household Tales by the Brothers 
Grimm, Auckland: The Floating Press, 1812, pp.138-141. 
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2.2 Examples of Frost-like Work by Other Artists 
 

This section will explore artworks that are not necessarily inspired by 

frost, nor made and intended to appear as frost. The artworks mentioned in 

this section are solely for visual purposes. The section will show artworks 

that help to visually understand the impression of frost. 

 

2.2.1 Frost as Materials 

 

 

 

 

 

 

 

 

 
 

“There’s so many works that I’ve made that the thing, the very thing that 

brings the work to life is the thing that will cause its death.” 

 

Quotes from Andy Goldsworthy’s Rivers and Tides13 

                                            
13

 Riedelsheimer, Thomas, Rivers and Tides: Andy Goldsworthy Working with Time, 2002. 
 

[Figure 10] Oscar Muñoz, 
Aliento/Breath 

[Figure 9] Andy Goldsworthy, 
Frost Leaf Patch 
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Frost is first and foremost a product of temperature change in humidity. 

Fog is similar to frost in principle. The difference between frost and fog is 

the freezing point. If the moist air goes below freezing point it becomes 

frost, whereas if it stays in the right conditions, it remains as fog. By the 

change in temperature we are able to see fog and we can fog up a glass with 

our breath and see condensation. Both frost and fog tend to melt away and 

disappear when the sun starts shining. 

 

Andy Goldsworthy works with naturally found objects. As he says in 

the quote above, he explains that the natural subject that he works with is 

made from temperature and from temperature his work comes to an end. In 

‘Frost Leaf Patch’, Andy Goldsworthy uses frost on leaves as a subject 

matter. It is the same way as Oscar Muñoz’s work is displayed. He uses the 

same principle in his work. Oscar Muñoz discusses serious issues with his 

work called ‘Aliento / Breath’. The viewers only see their reflections in the 

steel plates, but when they come close, the fog of their breath reveals an 

engraving in the metal: the image of a Colombian dissident who was 

“disappeared” by his government.14 By changes in temperature, Andy 

Goldsworthy’s and Oscar Muñoz’s works are completed and then vanish. 

 

                                            
14

 Steiner, Wendy, Exhibition in Print Moved by Metal: On Beauty as Interaction, 
Metalsmith, Vol.35, No.4, Society of North American Goldsmiths, 2015. Print. 
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2.2.2 Resemblance to Frost Types 
 

① Window Frost 

 

Window frost is described as occurring on glass planes. 15  As a 

characteristic of window frost, this section is dedicated to textures and 

unique finishes on surfaces that are visually similar to window frost. 

 

 

Esther Lord’s ‘Etched Wedge Vessel’ is 

hand fabricated with intricate patterns on the 

surface. These patterns and textures are created 

with acid etching. The subtle texture by acid 

etching resembles frost on windows, sparkling as 

if tiny ice particles glisten against the light.  

 

 

 

 

 

Katsumi Hayakawa’s ‘Reflection’ is a series 

of works hand-crafted piece by piece with paper, 

acrylic mirrors and glue. The effect of reflecting 

lights resembles window frost as it does in 

‘Etched Wedge Vessel’ by Esther Lord. 

                                            
15 “Frost.”, Wikipedia, https://en.wikipedia.org/wiki/Frost. 

[Figure 11] Esther Lord, 
Etched Wedge Vessel 

[Figure 12] Katsumi Hayakawa, 
Reflection 
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② Advection Frost and Rime Frost 

 

Advection frost and rime frost is categorized in the same section 

because unlike the other types of frost it concentrates on the process of 

formation rather than on similarities in appearance. Both advection frost and 

rime frost are unique because of the way they are formed. Advection frost is 

formed during a windy climate when moisture in the wind freezes against 

the direction of the current of the air. Similarly, rime frost is formed in 

windy conditions, accumulating over time. The difference between 

advection and rime frost is that advection frost forms directly from the cold 

wind whereas rime forms from condensed dew and moisture from the cold 

wind.  

 

 

 

 

 

 

 

 

 

Giles Miller is a London based designer who specializes in surface, 

materials, and sculptural artworks.16 The ‘Hirsutio Vase’ by Giles Miller 

can be manipulated to the owners liking by changing the directions of the 

brass ‘hair’. This is similar in effect and formation to advection frost, which 
                                            
16 Gilesmiller.com. 

[Figure 13] Giles Miller, Hiroshtio Vase 
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is formed and affected by the direction of the cold wind. 

 

 

 

 

 

 

 

 

 

 

 

 

David Hucyke is a Belgian metalsmith who uses granulation17 in his 

work. He modernized the ancient technique and creates rhythmic patterns in 

his work. In his ‘Pearl Sphere’, it appears that he was arranging each 

granule to create perfect smooth surfaces and patterns. In his interview with 

Monica Khemsurov, he explains that he fuses 10 granules at a time and the 

work grows bit by bit.18 This process is very similar to the way rime frost is 

formed. 

 

 

                                            
17

 Granulation is an ancient craft technique still widely used today. It is a bonding 
technique, which the parts are literally stuck together with a mixture of some copper 
compound and glue, even saliva, and the area heated. Williams, Dyfri & Ogden Jack, Greek 
Gold: Jewelry of the Classical World, British Museum, Metropolitan Museum of Art (New 
York, N.Y), 1994, p.26. 
18 Khemsurov, Monica, The Making of David Hucyke’s Granulation Series, Sight Unseen, 
http://www.sightunseen.com, 2010. 

[Figure 14] David Hucyke, Pearl Sphere, 1998 



 

 17 

③ Hoar Frost 

 

One of the most noticeable characteristics of hoar frost is that it’s 

repetitive. The same ice particles are repeated and attached together. Rime 

frost sometimes appears similar to hoar frost, but the only difference is that 

rime frost is formed from liquid whereas hoar frost is formed directly from 

humid air. Focusing on the repetitiveness of hoar frost, the term 

‘compulsive-obsessive’ comes to mind.  

This chapter will introduce visual art that shows compulsive-

obsessiveness through repetition. Like any type of frost, hoar frost tends to 

cover the whole surface with ice particles. The focus of this thesis is frost 

inspired decorative elements, and some of the decorative elements are 

represented in the forms of grains and granules. These are some of the 

works that are associated with frost in granule form.  

 

Daniel DiCaprio works with organic forms made of wood and metal. In 

‘Mutation brooch’, the organic form is carved out of ebony and silver dots 

are used to cover a large portion of the brooch. Lauren Kalman uses 

acupuncture in her work titled ‘Blooms, Efflorescence, and other 

Dermatological Embellishments’, addressing ‘parallel ideas about 

adornment from acupuncture needles and jewelry’19. Both artists used ‘dots’ 

as an element to embellish the surface. 

 

 

 

 

                                            
19 Metalsmith Magazine vol.33 no.4 2013, pp.50-51. 
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Electroplating and electroforming 20  are used quite often in 

metalsmithing. The advantages and effects are very broad when using this 

method. Electroforming can create thick layers of metal covering the surface 

of the objects including organic objects. The following work of artists 

shows the effect of electroforming in granule form covering surfaces. 

 

Jacqueline Cullen is a designer specializing in contemporary Whitby 

Jet jewelry. 21  Her jewelry is made of hand-carved Whitby Jet and 

electroformed with silver and plated with 18k gold. 18k gold granulation 

and champagne diamonds are set in some of her jewelry. The electroformed 

surface is accumulated with granules and the artist has added several gold 

granules onto the black Whitby Jet surface. 

                                            
20 Electroplating: Electroplating uses the process of electrodeposition to build up a layer of 
a new metal on top of an existing form through electrolysis. Lopez, Ana, M., Metalworking 
through history: An Encyclopedia, Greenwood Press, 2009, p.77. 
21 http://jacquelinecullen.com/about/. 

[Figure 15] Daniel Dicaprio, 
Mutation Brooch, 2012 

[Figure 16] Lauren Kalman, Blooms, 
Efflorescence, and Other 

Dermatological Embellishments, 2009 
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One of the benefits of electroforming is that organic objects can be 

incorporated. Lauren Kalman’s ‘Lip Adornment’ is an example of this. The 

mold of the lips and jewels are electroformed with copper covering the lips 

and setting the stones in place. The surface is grainy and the outer edge of 

the lips has more deposition of metal, which also holds and secures the 

jewels. This thicker edge of grainy texture is almost identical to frost 

formation on plants. 

 

 

 

 

 

 

 

 

 

 

[Figure 17] Jacqueline Cullen, Ring and Drop Earrings 

[Figure 18] Lauren Kalman, Hard Wear Lip Adornment, 2006 
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Chapter 3: Work with Frost Decorative Elements 
 

3.1 Process of Making Frost Inspired Decorative Elements 
 

Controlled melting can be useful in jewelry making, not 
only as a design option but also for technical purposes… 
Melting metal edges makes an interesting texture that is 
similar to reticulation. Simply turn up your torch to create a 
finer, hotter flame and melt the edge of the sheet. Take care 
not to overuse this technique and to employ it in an original, 
attractive fashion.22 

 

Thermal properties allow metal to be manipulated by changes in 

temperature. Water, the liquid state of frost and also a good thermal 

conductor, can be in liquid, gas, and solid states. The process by which the 

frost decorative elements are made was influenced by the process of frost 

formation but in reverse, by heating and melting the metal. Frost is formed 

from moisture or condensed dew in the humid air. Condensed dew and 

moisture from the air freeze and create ice crystals on surfaces. Each of the 

decorative elements includes the melting of metal in the process. 

In the following sections, each decorative element is demonstrated with 

experiments. Each experiment is categorized by the corresponding frost 

types. Depending on the experiments and tests, they will be demonstrated 

with a description of the process and with photos for the purposes of 

comparison. The chart below shows the different types of decorative 

elements that have been experimented, along with comments regarding the 

process involved and their respective strengths and weaknesses. 
                                            
22 Gollberg, Joanna, The Ultimate Jeweler’s Guide: The Illustrated Reference of 
Techniques, Tools & Materials, Lark Books, 2010, p.41. 
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Name Process 
Characteristics Additional 

Method Pros Cons 

Frost 
Hemming 

 
Cut with saw 

blade and melt. 

 
No soldering 

involved 
creating 

granules around 
the edge. 
The edge 

appears thicker. 
 

 
Possible only 
on the edge of 

the metal. 

 
Torch 

 
TIG Welder 

 
 
 
 

Surface 
Frosting 

 
 
 
 

 
 

Striking metal 
surfaces with a 

tool. 
 

 
 

Even texture. 
Repetition 

 
Need various 

shapes of 
hammers of the 

same texture 
depending on 

the form. 
 

 
Texture the 

surface first and 
raise with a 

urethane 
hammer to keep 

the texture as 
much as 
possible. 

 

 
Etching 

 
 

Limited 
control. 

 

 
TIG Welder 

 
Drill different 
sizes of holes 

and melt.23 

Pierced effect. 
Disintegration 

effect. 

 
Cracking of 

metal. 

Hammering on 
top with 

different face 
hammers. 

(Planishing 
hammer and 

texture 
hammers) 

Cumulative 
Frosting 

Making 
individual 

granules and 
soldering. 

Create patterns. 
Web-like effect. 

It may be 
structurally 

weak. 
Casting. 

[Figure 19] The Characteristics of Decorative Elements Inspired by Frost Formations 

                                            
23 This technique is learned during a class by Daniel Randall.  
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3.1.1 Frost Hemming 
 

Hemming and seaming is a technique in metalwork in which the edge 

of the metal sheet is folded over by closing the edge24. Frost hemming 

functions with a similar purpose, but instead of folding of metal, it is melted 

to enclose the border. This decoration appears to look like tiny granules 

grouped together resembling frost on leaves. For this reason this technique 

is named ‘Frost Hemming’. It was experimented and created to resemble 

hoar frost, which outlines and thickens the edge of leaves.  

 

Step 1. Cut metal along the outer edge 
Step 2. Make room by bending each piece 
Step 3. Add flux 
Step 4. Melt 
 

 

 

 

 

 

 

 

 

 

 

 

                                            
24 “Hemming”, https://en.wikipedia.org/wiki/Hemming_and_seaming. 

[Figure 20] Process and Samples: Frost Hemmings 
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The outer edge of the piece is cut into a comb needle shape, as shown 

in top left of [Figure 20]. Depending on the desired size of the granules, the 

metal strips are cut thicker/thinner or longer/shorter. But the recommended 

length and thickness is to correspond with the thickness of the metal. After 

the metal is sawed into a comb shape, it is melted. This is made in the same 

method as balling up wire to make rivets. The melting of the metal can be 

achieved with a small torch or a TIG welder. Both methods require the heat 

to be concentrated on one strong point. Before melting each needle, avoid 

heating multiple strips at once; otherwise it will form a unified blob. 

Applying flux on the tips may help to prevent tiny pits from developing. 

With using the TIG welder, applying flux is not necessary. It is important to 

make sure that all surface finishes, such as texturing and hammering, are 

completed before preparing to apply frost hemming. It will be somewhat 

difficult and annoying to do any changes on surfaces near the frost hemming 

after because it can easily alter the shape of the frost hemming. 

 

The biggest advantage of this technique is that frost hemming does not 

require adding extra materials to the work by soldering or fusing. With this 

technique, it is possible to achieve a similar effect such as granulation on the 

outer edge of the piece. Also, frost hemming can be applied to achieve the 

appearance of a thicker border without folding or again, soldering. Unlike 

granulation, this technique of producing a grainy effect is not suitable for 

the surface of the metal. It is only possible on an open edge where it can be 

sawed with a saw blade. To apply frost hemming to the inner surface of the 

metal, the surface must be drilled and pierced to be sawed. However it is 

important not to cut out the exact size of where the frost hemming is desired 

since it has to be cut again to prepare for the element.  
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Frost hemming developed in style while experimenting with samples, 

and has later been applied to the final works. Initially, the frost hemming 

was made in two layers. Depending on the form, the strips of metal had to 

be bent in certain ways that made each ball up to face in random directions. 

Compared to the two layer style, this made a fuller effect with some sparse 

areas. The next experiment attempted to eliminate the sparse areas by filling 

them with the ball ups elements, which was achieved by bending the cut 

metal in different directions. This resulted in a fuller effect as well as a 

unified and even appearance, which resembles hoar frost on the edge of 

leaves.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Figure 21] Process & Samples: Different Styles of Frost Hemming 
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3.1.2 Surface Frosting 
 

The second definition of ‘frosting’ in the dictionary is specified as ‘a 

roughened matte finish on otherwise shiny materials such as glass and 

steel.’ Inspired by the definition and the appearance of frosted windows, 

texturing on the surfaces became a method to imitate and resemble the 

appearance of frost on windows. Various types of window frost exist, which 

have been narrowed down to two different ways to be experimented. First, 

by use of textures, and secondly, creating patterns on surfaces.  

   

To express window frost by the use of textures, primarily etching with 

sawdust25 was experimented. Etching is a decorative technique used to 

selectively remove metal through controlled corrosion, thereby creating 

patterns of contrasting heights.26 However it was difficult to control the 

sawdust textures with this process. To have more control, etching was 

replaced by hammering for a similar effect.  

 

For the frosty effect of window frost, a 

texturing hammer was made using a 

blacksmithing technique. A large planishing 

hammer is heated red and the flat side of the 

hammer is struck with a sharp axe creating tiny 

geometric angled shapes. Texturing a glossy and 

shiny surface with a hammer was as if fogging 

                                            
25 Hughes, Richard, Rowe, Michael, The Colouring, Bronzing and Patination of Metals, 
Watson-Guptill Publications, 1991, p.40. 
26 Lopez, Ana M., Metalworking through History: An Encyclopedia, Greenwood Press, 
2009, p.65. 

[Figure 22] Process & 
Samples: Textured Hammer 
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up a clear window. The more hammer marks were made, the more matte it 

became and left the surface abrasive. 

 

Using the texturing hammer was a better way to give a matte finish 

over the polished and smooth surface of the metals, as opposed to etching 

with saw dust. Etching with sawdust only removes certain areas, resulting in 

a smooth finish. Texturing with a hammer doesn’t remove the metal but 

pushes the metal around, leaving a slightly rough finish, which feels similar 

to the frost on windows when touched. The two images below show textures 

achieved by etching with sawdust and by hammering. 

 

 

 

 

 

 

 

 

 

 

The advantage of using a hammer is that the user has a great deal of 

control. The following three images show the different ways that the same 

texturing hammer have been used to create different textures. The textures 

in the left image are made by hammering very lightly, leaving small marks 

all throughout the surface and avoiding overlapping the textures. On the 

other hand, the middle image is a texture made with a lot of force. The 

[Figure 23] Process & Samples: Texture Comparison 
(Left: Etching with Sawdust, Right: Texturing Hammer) 



 

 27 

texturing hammer is used as a planishing hammer, hammering the copper 

bowl against a half dome steel stake, leaving the inside of the bowl polished. 

The surface is fully textured and overlapping throughout the whole surface. 

The third image on the right is focused on the placement of the textures. The 

textures are gradually intensified by overlapping more near the outer edge of 

the metal. 

  

 

 

 

As shown in the right image, the TIG welder is also used to create 

texture. Primarily the TIG welder is used for welding. The TIG welder has 

been used for the concentrated heat to melt metal, and it was easier to 

control the high temperature more safely and accurately.  

 

Step 1. Texture surface (optional) 
Step 2. Drill holes (different size drill bits, also optional) 
Step 3. Set the TIG welder according to the gauge of the sheet metal 
Step 4. Melt along the edge of the drilled holes 
Step 5. Quench 
Step 6. Texture or planish the surface (optional)  
 

 

[Figure 24] Process & Samples: Texture Detail Images 
 (Left: Figure 30, Middle: Figure 29, Right: Work 5-1) 
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First, the metal surface is drilled and pierced. Window frost is made of 

water, which is sometimes transparent when it is frozen. Having some areas 

pierced was an attempt to have a see-through effect with metal. With the 

TIG welder, the pierced area of the metal is melted and then hammered flat 

with a textured hammer. The downside of this technique is that the area that 

has been melted and textured sometimes cracks. Repeating the melting and 

texturing process can resolve this problem but it is not guaranteed. 

 

 

 

 

[Figure 25] Process & Samples: TIG Welding and hammered with a texturing hammer 

[Figure 26] Process & Samples: Surface Frosting 
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To create patterns of fern type window frost on metal surfaces, as 

shown in [Figure 28], a goldsmith’s hammer is used. Using the cross-peen27 

side of the goldsmith’s hammer, it is grinded down ever so slightly to avoid 

sharp marks. Starting from a flat sheet of metal, the outlines of the designs 

are made. Between hammering and texturing sessions, the sheet of metal is 

annealed during the process to fabricate depth. Depending on the design, the 

area that is recessed and lower is more textured, resulting in the surrounding 

area bulging out due to the forging process. After the texturing and 

patterning, the overall form can be manipulated by a urethane hammer. 

Doing this after the texturing process can limit the final form of the piece. 

Because the work in this thesis is mostly tray forms, it was decided to do the 

texturing first. Also, it seems appropriate to apply surface frosting inspired 

by window frost onto flat forms because window frost tends to occur on flat 

planes. To redefine the patterns, pitch28 may be used to smooth out uneven 

textures. 

 

3.1.3 Cumulative Frosting 
 

Rime frost and advection frost are similar in a way that both types of 

frost accumulate over time creating a unique pattern. The difference 

between rime and advection frost is that advection frost is affected by the 

direction of the wind and forms directly from humid air. Rime frost, on the 

other hand, is formed when condensed water is frozen and built up and 

combines with existing ice particles. Nevertheless, both frost types 
                                            
27 Cross peen is a rectangular hammer face that is typically narrow and runs perpendicular 
to the handle. The silhouette is a wedge shape. Longhi, Betty, Helen., Eid, Cynthia, 
Creative Metal Forming. Brynmorgen Press, p.249. 
28 Corwin, Nancy, Megan., Chasing and Repousse: Methods Ancient and Modern, 
Brymogen Press, p.31. 
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accumulate and form into different forms depending on the atmosphere.  

Cumulative frosting focuses on the formation of rime and advection 

frost, rather than on the characteristics of its appearance. Depending on the 

objects and surfaces, both types of frost grow and cover surfaces and 

sometimes fill in the empty spaces such as fences and spider webs. Initially, 

tiny granules and grains have been used to resemble frozen dewdrops from 

spider webs. Dew from spider webs can freeze and create an attractive 

pattern while also filling in the spaces between the web. This technique has 

been inspired by these formations and occurrences.  

 

 

 

 

 

 

 

 

 
 

 
Step 1. Cut pieces of wire 
Step 2. Make dips in a charcoal block 
Step 3. Place one piece in each dip 
Step 4. Melt and quench 
Step 5. Solder granules 
 

[Figure 27] Process & Samples: Cumulative Frostings I 
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Just like the process of making grains for granulation, tiny bits of wire 

or pieces of metal are cut and melted onto a charcoal block. Then the 

granules are sorted according to their size so that they can be easily selected. 

Each granule is then soldered together to create patterns and structures. 

 

 

 

 

 

 

 

 

 

 

 

Depending on the form of the metal object, the sizes of the granules are 

made differently. This technique allows layering, and enables to build up a 

structure. Having more granules and fewer gaps allows us to construct a 

stronger and more durable structure. Using one granule at a time is both 

time-consuming and weakens the structure. To compensate for a weakness 

in structure, casting is used. With a group of granules, partial elements are 

made and casted. Different shapes of these elements are made and casted to 

give greater variety to the pattern. Casting elements helped the process to be 

less time-consuming as well as more durable and stronger once soldered 

together. 

[Figure 28] Process & Samples: Cumulative Frostings II 
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3.2 Work with Frost Decorative Elements 
 

This chapter will discuss metalwork with frost-inspired decorative 

elements, which was demonstrated in the previous chapter. 

 

 The work is grouped into three sections; hoar frost-inspired work, 

window frost-inspired work and rime frost-inspired work. The first section 

will show the change in style of frost hemming decorative elements through 

a series of work. It’ll show the change in placement for the full effect of the 

frost hemming. Also, various forms have been experimented for frost 

hemming. The second section, which is the window frost-inspired work, 

consists of different types of surface finishes using two different types of 

hammers, each representing different types of window frost. Frost Hemming 

and cumulative frosting are used as additional decorative elements to the 

surface textures. The final section consists of work inspired by the 

formation process of rime and advection frost. Cumulative frostings are 

used to express the growing effect mostly onto vessel forms. 

 

Each of the sections consists of vessels, bowls, and tray forms, which 

will be raised and hammered. Every section will begin with a sample piece 

leading up to the corresponding decorative elements of that category, with 

slight variations depending on the form and function of the piece. Sample 

pieces will be experimented to examine the effect and test the placements of 

decorative elements. Different and various patinations and finishes will be 

applied accordingly. 
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3.2.1 Frost Hemming 
 

This section of work is specifically inspired by the bordering effect of 

hoar frost on leaves, with the exception of [Figure 32] and [Work 4]. Frost 

hemming will be intensively used and vary in style and size to achieve the 

effect of enclosing the edge and giving a decorative feature. The sole 

purpose of frost hemming will be to surround the border and to adorn the 

edge of each work. Melting is an essential part of frost hemming, and all 

work with frost hemming includes melting as part of the process. The 

uncontrollable part of melting of metal can occasionally lead to unexpected 

results. To demonstrate how the application of frost hemming developed, it 

is presented here in chronological order. Along with bowls, vases and tray 

forms, jewelry is included in hoar frost inspired-work due to the 

decorativeness of frost hemming.  

[Figure 32] and [Work 4] will focus on the surface using the same 

principle of melting metal, but by adding additional materials to achieve the 

appearance of frost on surfaces. Due to the effect of frost hemming elements 

enclosing the edge of the metal, frost hemmings are also partially applied in 

window frost-inspired work as well as rime frost inspired work in chapters 

3.2.2 and 3.2.3. 

 

It was important to test the limits and possibilities of frost hemming 

elements in order to use them to their full extent. The following set of three 

samples contains study pieces used to experiment different forms and angles 

when applying frost hemming elements. The set was also made to explore 

whether textures would be necessary to effectively express the 

decorativeness of a decorative element. [Figure 29] shows small trays 
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inspired by leaves. Inspired by botanical and natural shapes, the trays started 

from a freeform shape. The frost hemming in these two trays is viewed from 

the flat side of the metal, from which only the top layer of the elements is 

viewed. [Figure 30] shows a set of two sample bowls with different types of 

surface textures. The bowl on the right with green patina on the textured 

surface was made to view the frost hemming from an upright position. This 

way the decorations are viewed exposing both layers. The effect of this is 

more prominent in [Figure 31]. Instead of a round and even border, as 

shown in [Figure 30], the zigzag border in [Figure 31] is exaggerated with 

curves and points. The green patination in [Figure 30] affected the frost 

hemming, making the border dull. Compared to the green bowl, [Figure 31] 

is applied with a potassium sulfur patina solution and partially removed to 

emphasize both layers of decorations. Also, because of the shape of the vase, 

the frost hemming is viewed from all sides.  

The patterns and textures which cover the surface later became an 

inspiration and continued through to represent the fluid movement of 

window frost later in chapter 3.2.2. The left bowl of [Figure 30] is 

experimented for surface texturing. See 3.2.2 Window Frost: Sample II. 



 

 35 

 

 

 

[Figure 29] Sample Work: Frost Hemming Tray, Brass, Copper, 9x12, 9.5x13, 
2014 

[Figure 30] Sample Work: Frost Hemming & Texture Bowls, Copper, 10x10x8, 
2014 
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[Figure 31] Sample Work: Frost Hemming & Texture Vase, Brass, 10x10x13, 2014 
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[Work 1] Hoar Frost Leaf Bowls 

 

The form in [Work 1] was developed after the three process and sample 

experiments; the organic shape as shown in [Figure 29] to express botanical 

characteristics, while [Figure 30] reveals both layers of frost hemmings in 

an upright position, and [Figure 31] demonstrates the use of curves. 

  

Because of the season in which frost occurs, every so often leaves 

remain green. The image of green leaves with ice crystals outlining the 

border left a great impression. To convey the aspect of sudden frozen leaves, 

the hand-raised copper bowls have been colored with chemical patination 

producing a dark green color29. To distinguish the bowl with the frost 

hemming elements and to emphasize it, the decorative elements are sanded 

and polished with sandpaper. Two different forms have been experimented 

with this intention and applied with the same surface finishes. To express 

more of the ‘frozen’ and the ‘icy’ feel, a silver sheet containing 97% silver 

is used in the next piece. This piece is elevated with a base, which is made 

to look more static and still as frozen objects do. Tiny synthetic aquamarines 

are set on to a couple of granules of frost hemming for a cooler and more 

sparkly appearance. 

 

                                            
29 Two part cupric nitrate and one part ferric nitrate, and pinch of liver of sulfur solution is 
applied with a heat gun using a brush. 
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[Work 1-1] Frost Hemming Green Leaf Bowls, Copper, 12x10x7, 12.5x10x7, 2014 

[Work 1-2] Frost Hemming Silver Leaf Bowl, 97% Silver, Synthetic Aquamarines, 

12x10x10, 2014 
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[Work 2] Jewelry: [Work 2-1] Frost Brooches 

 
While working on objects such as bowls, vases, and tray forms, it was 

hard to ignore the decorativeness of frost hemming in various forms of 

jewelry. As shown in [Figure 29] and [Work 1], brooches in [Work 2-1] are 

consistent with the form of frost on leaves as well. All three brooches are 

textured by hammering with a small cross peen hammer, meaning that the 

metal sheet has been naturally shaped by the forging process. The cross 

peen hammer creates a bark like texture that has a rustic and natural feel. 

Each of the brooches was then experimented using different surface 

decorations and finishes. All three brooches are applied with hoar frost 

hemming technique on the outer edge. They are also pierced and sawed out 

in the middle of the metal, altering the placement and shape.  

Frost brooch #1 is finished with chemical patination using the heat gun 

technique.30 Certain areas are sanded down to uncover the natural nugold 

color31. Frost brooch #2 is plated with a black nickel solution and tiny ball 

up rivets are soldered onto the surface to resemble dewdrops on leaves. 

Some of the rivets are sanded to contrast against the black surface. 0.6mm 

cubic zirconia stones are set in a tube setting32 for a light glistening effect. 

Compared to the first two brooches, a lot of hammering was done on Frost 

brooch #3. An area of the middle part of the brooch is pierced and extruded 

out by raising and texturing. The edge of the extrusion was decorated with 

frost hemming as well. Larger melted granules are made to technically work 

as pinbacks and resemble frozen dewdrops on leaves. 
                                            
30

 Hughs, Richard, The Colouring, Bronzing and Patination of Metals, Watson-Guptill, 
1991. 
31 Runfola, Matthew, Patina: 300+ Coloration Effects for Jewelers & Metalsmiths, 
Interweave, 2014, p.179. 
32 Cogswell, John, Creative Stonesetting. Portland, Maine: Brynmorgen Press, 2008, p.76. 
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[Work 2-1] Jewelry: Frost Brooches, Nugold Brass, Stainless Steel, CZs, 8x11x2, 7x7.5x2, 

10x9x2, 2014 

 

[Work 2-1-1] Jewelry: Back View of Frost Brooches 
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Bangles were made to experiment the change in thickness when using a 

frost hemming technique. One of the biggest advantages of frost hemming is 

that it creates an illusion of thicker metal. This gives the piece a solid and 

heavy look with less material, which also allows the work to be lighter in 

weight. The hammered textures were made to complement the frost 

hemming and to smooth the transition to the decorative elements. The 

design of the bangle was kept as simple as possible, because frost hemmings 

are elaborate and repetitive decorations, and a simple form is desired.  

 

It may seem contradictory, since it was mentioned in the previous 

section that curvy and wavy forms were preferred over the even round 

border to fully show the decorations, but [Work 2-2] and [Work 2-3] are 

jewelry with which movement is involved when worn around the wrist so 

that the decorative elements can be viewed from all sides. 

 

Decorative elements are only applied on one side of [Work 2-2] with 

textures gradually fading to the other side of the bangle. The edge of this 

side of the bangle is also hammered and rolled outward to give the illusion 

of a thicker border. The second set of bangles, shown in [Work 2-3], are 

bangles that consist of frost hemmings on both sides and textured all around 

the surface. Compared to [Work 2-2], [Work 2-3] appears much more 

organic. 
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[Work 2-2] Jewelry: Bangle I, NuGold Brass, 14k Yellow Gold Plated, 7x7x2, 

7x7x0.8, 2014 

[Work 2-3] Jewelry: Bangles II, Nugold Brass, 14k Yellow Gold Plated, 7x7x2, 

7x7x0.8, 2014 
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[Work 2-4] Frost Lining Brooches 

 
Frost Lining Brooches are made only with the frost hemming elements. 

The decorativeness of frost hemming seemed to be embellishing enough to 

have an identity of its own, rather than being applied as an additional 

element. Instead of creating geometrically perfect shapes, organic and 

natural shapes were preferred. Pinbacks are made in the same way as in 

[Work 2-1] to resemble frozen dewdrops. Because of the way it is made the 

frost hemming decorations are viewed from the top, exposing both layers of 

granules. 
 

 

[Work 2-4] Jewelry: Frost Lining Brooches, Nugold Brass, 14k Yellow Gold Plated, 

3x2x0.5, 2.5x1.5x0.5, 3.5x2.5x0.5, 2014 
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[Work 3] Set of Frost Hemming Vases 

 
The set of these vases are inspired by frost formations on lettuce. It is 

also an attempt to apply frost hemming to more dramatically wavy forms. 

To resemble the form of lettuce, ruffles are made in the edges of the vases. 

The flared forms of the vases are also inspired by the overall shape of 

romaine lettuce. 

 

Ruffles are naturally formed by the raising process. Sometimes it is 

intentionally made to speed up the process of raising. This is called 

crimping33. In the set of these two vases, instead of planishing the ruffles 

smooth or sawing it off for a clean edge, ruffles remained unchanged and 

untouched to experiment applying frost hemmings onto rough and curvy 

wavelike forms.  

 

The ruffles on the [Work 3-1] are formed naturally during the raising 

process. To create even more exaggerated hyperbolic forms of lettuce, the 

crimp raising technique has been used in [Work 3-2] to intentionally create 

ripples. The decorative elements are applied in sections because it was 

difficult to cut the edge. Working in section made the frost hemming 

elements fuller, which was caused by bending the metal in different 

directions. Because of this process, the effect of the frost hemming is greater 

in the hyperbolic form in [Work 3-2]. The tiny melted ball ups are more 

tightly formed together and appear more granulated and more lavish 

compared to [Work 3-1]. 

                                            
33 Finegold, Rupert, Seitz, William, Silversmithing, Krause Publications, 1983. p.335. 
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[Work 3-1] Frost Hemming Vase I, Brass, 24x24x30, 2016 
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[Work 3-2] Frost Hemming Vase II, Nugold Brass, 15x15x19, 2016 
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The previous work focuses on the appearance of frost outlining plant 

forms. Other than the effect of hoar frost forming on the outer edge of 

leaves, it also forms on surfaces as well. The following work attempts to 

convey frost on surfaces with the use of granules on surfaces. 

 

[Figure 32] is raised and the edge is thickened during the raising 

process leaving a rough geological edge. Tiny holes are drilled near the edge 

and a wire that has been melted and hammered flat is inserted. The other 

end of the wire is melted making a tiny ball to secure it. The holes are 

drilled slightly larger than the wire resulting in the wires spinning around. 

As it moves around, the flat side of the wire reflects light and sparkles as 

sequin does. Because of the drilled holes, this cup is not functional as a 

drinking cup. This is an example of a work where decorations affect the 

function of the object.  

 

[Figure 32] Sample Work: Surface Frost Cup, Copper, Nugold Brass, 5.5x5.5x6.5, 2015 
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 [Work 4] Set of Surface Frost Bowls 
 

[Work 4] is an exaggerated version of [Figure 32]. Both bowls are 

raised and the edges are intentionally sawed off to emphasize the geological 

feel as seen in [Figure 32] and even more so by adding another layer of a 

similar pattern. The extra layer is secured by flush-style riveting. To remain 

consistent to the previous decorative elements, forms of grains are used. 

 

The ball up wires are inserted forming groups and also layered on top 

of each other. These layered granules are also inside of the bowls. This is 

achieved using the same method as explained in [Figure 32]. The granules 

are grouped and gently spread out across the layered border. To emphasize 

the frost decorations, the outer surface has been darkened with potassium 

sulfide and the granules have been sanded and polished. 

 

[Work 4] Set of Surface Frost Bowls, Brass, Nugold Brass, 20x20x11, 13x13x11, 2016 
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3.2.2 Surface Frosting 
 

Window frost-inspired work will include decorative elements focusing 

on the textures of surfaces. Even though the same hammers are used, they 

are used in various ways to create different densities of patterns and textures. 

Different ways to achieve the appearance of window frost are experimented 

throughout the section. These experiments include; texturing a polished 

surface with a textured hammer, patterning the surface using a cross peen 

hammer, and using the TIG welder to achieve a partial disintegrated 

appearance. Etching the metal with sawdust has been eliminated as it is 

mentioned in Chapter 3.1. Although the textures of the final work give the 

appearance that they were achieved by melting metal, this was not the case. 

The textures were in fact achieved by using a texturing hammer. 

 

According to the NOAA, the type of window frost is classified 

according to the appearance of the patterns. Instead of using the etching 

with sawdust method, a texturing hammer was made specifically to 

resemble Type WSE. Type WSE is referred to as stelliform crystals which 

are a somewhat closed structure. It is also explained that in many cases a 

simple hexagonal star forms the nucleus, the rays of which terminate in tiny 

solid hexagonal plates.34 [Figure 30: Left Bowl], [Figure 31] and [Work 5] 

are inspired by Type WSE. [Figure 33] and [Work 6] are inspired and made 

by a cross between by the Type WBB and Type WMD. 

 

[Figure 30: Left Bowl] and [Figure 31] are samples which show how to 

use same texturing hammer in different ways. The bowl is textured heavily 

                                            
34 Monthly Weather Review, September, 1907, www.noaa.gov, p.403. 
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without leaving any space between each hammer marks. Most of the 

hammer marks are overlapped. The surface lost its polished shine and 

became abrasive but smooth enough to handle the bowl. When the textures 

were applied heavily with some force, stelliform patterns were created by 

the overlapping textures from the hammer. On the other hand, [Figure 30] is 

textured very lightly. The hammer marks are spaced and applied evenly 

throughout the surface, making sure not to overlap any hammer marks. 

Comparisons are shown below. 

 

 

     [Figure 30-1] Detail        [Figure 31-1] Detail 
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[Work 5] Window Frost Plates 
 

[Work 5] focuses on textures on the inside of the plates. Each plate is 

textured slightly differently, giving variations to where the textures are 

concentrated and how much texture has been made in a certain area. After 

texturing, the plates were raised from the outside with a urethane hammer to 

avoid losing textures on the inside.  

 

All three plates started from a flat sheet of metal. Starting from a flat 

round 12 inch (approx. 30.5cm) disk, the texturing hammer that was made 

to resemble Type WSE is used. The textures are concentrated in different 

areas on each plate. The way the surfaces are textured is inspired by how 

Type WSE forms on windowpanes. It is noted a couple of times in the 

Monthly Weather Review that stelliform crystals grow outward in 

intermittent order35. After texturing the disks, the disk is raised with a 

urethane hammer and planished with a steel hammer. Other decorative 

elements other than surface texturing are also incorporated and concentrated 

on the outer edge of the plates. These are added to continue the textures to 

the outside of the surface, providing enclosure and implying the growth of 

frost formations. 

 

[Work 5-1-1] is textured evenly throughout the whole disk without 

overlapping hammer marks. These textures are made with force to 

compensate losing some of the textures during raising and planishing. The 

textures are similar to [Figure 30-1] after planishing. In addition to the 

surface textures, frost hemming is applied surrounding the border.  

                                            
35 Monthly Weather Review, September, 1907, www.noaa.gov, p.403. 
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[Work 5-1-2] is also a textured plate but textures are gradually more 

concentrated on the outer edge. Textures are applied more aggressively near 

the edge of the plate overlapping a lot more and creating stelliform patterns. 

The TIG welder is used in this plate while it is still flat. The drilled and 

pierced areas are melted, resulting in a disintegrated and decorative 

appearance while still resembling the variable quality of window frost. 

Drilling and piercing was considered because it was intended to somehow 

reflect the transparent quality of window frost on a surface that is not see-

through. The disk is textured once again, flattening the melted area. The 

outer edge is cut out roughly in an irregular pattern. Then cumulative 

frosting elements are added to trace the uneven edge and garnish as well as 

implying the growth of frost.  

The third plate, [Work 5-2] is textured and cut in the same manner as 

[Work 5-1-2] but without the use of the TIG welder. The cumulative 

frosting elements are added as well but compared to the previous plate, 

smaller grain cumulative frosting are added. 
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[Work 5-1] Window Frost Plates I & II 

 

 

 

[Work 5-1-1] Plate I, Nugold Brass, 27x27x7, 2016 
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[Work 5-1-2] Plate II, Nugold Brass, Brass, 28.5x28.5x7, 2016 

 

 

 

[Work 5-2] Plate III, Brass, 28.5x28.5x7, 2016 
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[Work 5-2-1] Plate III: different view 
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The following work are inspired by the description of window frost 

Type WBB and Type MWD. Type WBB is described as ‘branching window 

frost’. These types of frost “possess open, branching tree, fern or star-like 

forms.”36 Type MWD is also called ‘meandering window frost’ which 

consists of, “in some cases, a single straight or curving spike or a quill, and 

in others a central quill adorned with a few or with many secondary tuft-like 

branches”37. It will become clear that [Figure 33] and [Work 6] are inspired 

by these descriptions of window frost.  

The design in [Figure 33] is hammered with a cross peen hammer and 

by annealing between sessions, which allowed the metal to be textured and 

have depth at the same time. In addition to the patterns, this sample bowl is 

also experimented with cumulative frosting and frost hemming techniques 

in concentric circles surrounding the patterned surface area.  

                                            
36 See footnote 6. 
37 See footnote 6. 

[Figure 33] Sample Work: Window Frost Bowl, Nugold Brass, Brass, 14k Yellow Gold 
Plated, 15x15x4, 2015 
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[Work 6] Set of Window Frost Trays 

 

From the descriptions of Type MWD and Type WBB, words and 

phrases such as, ‘branching’, ‘fern and starlike forms’ and ‘central quill 

adorned with secondary branches’ stood out as being the main focus and 

inspiration of [Work 6]. 

 

Both forms of [Work 6] are flat tray forms, which did not require any 

raising. Flat forms were appropriate to represent window frost because most 

windows and glass panes are flat. [Work 6-1] focuses on the word 

‘branching’ and ‘fern-like’. Starting from the center, a coiled fern is made 

with several feathery textures surrounding the area. The designs are more 

defined in the center and gradually fading out near the edge. More coiled 

fern-like forms are hammered but less defined compared to the center 

designs.  

 

The key phrases for [Work 6-2] are ‘star-like forms’ and ‘adorned with 

secondary branches.’ Instead of having one focal point as it did in [Work 6-

1], this tray is an asymmetrical oval shape, having many more sections of 

designs. The star-like forms have feathery branches whirling away from the 

center and joining the surrounding designs. The whole surface of both trays 

in [Work 6] is consistent with the feathery texture. Tiny granules are 

soldered and made into bezels to set cubic zirconia spreading from the outer 

area. To finalize the edge of the form, frost hemmings are applied in both 

trays. Also, both trays are white gold plated. 
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[Work 6-1] Tray I, Nugold Brass, White Gold Plated, 19x19x1, 2015 
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[Work 6-2] Tray II, Nugold Brass, White Gold Plated, CZs, 24x18x1, 2015 
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3.2.3. Cumulative Frosting 
 

This section includes rime frost inspired work, but is also inspired by 

advection frost because of the way it is formed. This section will focus on 

the process in which these types of frost occur, rather than the appearance. 

One of the most unique characteristics of rime and advection frost is that ice 

crystals build up and accumulate over a period of time in the right 

conditions providing an appealing aesthetic effect. 

 

By controlling how much cumulative frosting can be added, it would 

be easy to get carried away and dominate the work with decorative elements, 

since frost typically does that in natural conditions. Usually in nature, rime 

and advection frost forms in needle or spike shapes. To be consistent with 

the previous elements, rime and advection frost is represented with grains 

and granules. Melting is mostly done during the process of making each 

cumulative frosting element. Therefore melting is not included in the 

assembly part of the work, but in the process of making each granule to put 

together a cumulative frosting element. 
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While previous sections of this paper have discussed how rime and 

advection frost can accumulate over time, this section, concentrates on the 

decorative elements continuing the form and becoming a part of the 

structure. As was experimented in [Figure 33], cumulative frosting can hold 

and support the structure when soldered correctly.  

 

[Figure 34] is made to test cumulative frosting and its effects. This 

small rounded vessel is hand-raised from nugold, nearly closing the opening 

of the vessel. Cumulative frosting elements are soldered in a branch-like 

manner, closing the opening even more. The way cumulative frosting 

continued the structure was appealing to further the series in different forms. 

By the raising process, the edge have been thickened and naturally shaped to 

an uneven rustic edge. Other work inspired by rime and advection frost are 

intentionally sawed out to achieve this appearance. 

 

[Figure 34] Sample Work: Cumulative Frosting Vessel, Nugold Brass, Brass, 9x9x6, 2015 
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[Work 7] Leaning Vase with Cumulative Frost 
 

Advection frost not only grows and accumulates but also is affected by 

the direction of the wind. This vase was an attempt to apply the cumulative 

elements flowing with the form. The shape of this vase is organic and 

asymmetrical. The cumulative frosting is added specifically to the neck part 

of the vase accordingly to the direction of the leaning vase supporting the 

upper structure. For a stronger structure and greater sturdiness, the 

cumulative frostings are added more densely packed, leaving less space 

between the granules. To concentrate on the effect of cumulative frosting, 

the whole vase is darkened with a mix of potassium sulfide and ammonia 

chloride. The adorned neck area is polished revealing the gold brass color. 

Frost hemming is applied between the sections of the vase to improve the 

transition. 
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[Work 7] Leaning Vase with Cumulative Frosting, Copper, Brass, 10x10x18, 2015 
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[Work 8] Growing Rime Frost Cups 

 
These cups represent the stages of accumulation of rime and advection 

frost over time. These cups, of varying sizes, are presented as a set in order 

to show the growth of rime and advection frost. Starting with a lower and 

wider brass base, and leading to a higher and narrower base, cumulative 

frosting elements are added each time. The transition is apparent when the 

cups are placed next to each other. Rime frost cups are made to be stacked 

together and when they are stacked together, once this happens, the 

decorative elements are layered so that the patterns become denser. The 

brass base are planished and the edges are cut to give a rustic geological feel 

and to transition better to the cumulative frosting. 

 

[Work 8] Growing Rime Frost Cups, Brass, 10x10x7, 7x7x10, 5x5x13, 2016 
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[Work 8-1] Growing Rime Frost Cups – stacked view 
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[Work 9] Asymmetrical Cumulative Frosting Bowl 

 
Natural occurrences do not happen in perfect geometric form, nor do 

they occur at the same speed. To achieve the natural feel of the frost, [Work 

9] attempts to convey just that. The edge is irregular and cumulative frosting 

is added asymmetrically and more fluidly compared to the other work in this 

series. In other words, if other work were more controlled and even, this 

work is given less control and freedom to give a more natural feeling. 

Potassium sulfide is used on the outer surface to give contrast to the inner 

surface. 

 

 

 

[Work 9] Asymmetrical Cumulative Frosting Bowl, Nugold Brass, Brass, 14x14x10, 2016
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[Work 10] Cumulative Frosting Centerpiece 
 

[Work 10] is made with the same concept as the previous work, which 

is to represent the growth of rime and advection frost in line with the 

direction of the base. It is also an exaggerated and enlarged version of 

previous rime frost-inspired work. 

 

The base of this piece is hand-raised out of brass. The form is kept 

simple and planished, leaving light hammering marks. Instead of a clean 

even border, the edge has been sawed irregularly to give a geological feel 

with the intention of adding cumulative frostings. The decorative elements 

also serve a functional purpose by providing a larger area to hold. The 

granules in this vessel are larger compared to other rime frost inspired work. 

The cumulative frosting elements are made with alternating sizes of grains. 

Five to six different structures of casting elements are made and soldered 

together to create the web-like effect all around the outer edge. Using 

cumulative frosting castings, the pieces are arranged systematically for it to 

look effortless. A satin finish has been applied to the base vessel by rubbing 

scotch-brite and stainless steel wool over the surface. The embellishments 

are finished off with the same method but polished in certain areas to 

achieve slight shimmering effect. 
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[Work 10] Cumulative Frosting Centerpiece, Brass, 40x40x15, 2016 

 

 

 

[Work 10-1] Cumulative Frosting Centerpiece – side view 
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Chapter 4 Summary and Conclusion 

 
4.1 Summary  

 

Throughout this research on frost, its characteristics have been 

examined and studied in order to examine its application to decorative 

elements. This research began with the inspiration from the appearance of 

frost on leaves. The decorativeness of frost surrounding the leaves 

motivated further research on frost formations. It also became an inspiration 

to make frost-like decorative elements, which can be applied to metal 

objects using metalsmithing techniques. This paper follows on from 

previous research on frost-inspired decorative elements in other fields, such 

as culinary arts, interior design and wood making. Research in these fields, 

as discussed in chapter 2.1.2, suggests that frost and frosting have been an 

integral part of decorating.  

 

As someone in metalsmithing, it was natural to use metalsmithing 

techniques to represent characteristics of frost. Frost is formed by moisture 

in the air freezing onto surfaces which are lower in temperature. Inspired by 

the process of frost formation, melting metal became the main process and 

focus when creating a frost-like appearance. Melting techniques such as 

balling up wires, etching, making granules and using the TIG welder have 

been experimented to achieve the impression of frost. Etching has been 

replaced by hammering with a textured hammer to represent window frost. 

Two different hammers are used and each of the hammers is incorporated in 

different ways to create various textures. The other types of frost, such as, 
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hoar frost, rime frost and advection frost are represented as in the form of 

grains and granules by melting bits and pieces of metal.  

 

Through various samples and practices, each type of decorative 

element has been developed in shape and style. Samples provided a means 

of experimenting and testing how decorations can be used to maximum 

effect. Different forms and processes have been experimented to achieve 

different effects. Once a successful sample has been made, it has been 

applied to the final forms. The final work consists of jewelry, bowls, trays, 

plates and vessel forms. These forms are kept simple to accent the 

decorative elements. Complicated forms were distractive to the frost 

decorative elements. Also, to emphasize the frost-inspired decorative 

elements, each work, and especially the later work, was limited to one or 

two decorative elements. 

 

4.2 Conclusion 
 

Overall, this paper focuses on representing the appearance of frost 

using metalsmithing techniques incorporating the melting of metal. To 

concentrate on the specific aspect of each frost type, necessary limitations 

have been applied such as frost types, the form of the object, and the 

number of elements on each piece. By restricting some of these components, 

the aim of this thesis was to fully experiment the possibilities of each 

decoration in depth. But with these restrictions came new ideas to further 

this project. 

First, this research is limited to four types of frost, which are hoar frost, 

rime frost, advection frost and window frost, which have been represented 
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as decorative elements using metalsmithing techniques. Other than the four 

types of frost there are many more fascinating frost types to explore further, 

such as frost flowers, frost needles and hair ice. Many possibilities and ideas 

are waiting to be explored, and this project could be continued by 

researching other types of frost and how they too might be incorporated as 

decorative elements. Secondly, the final forms that have been made to apply 

frost-inspired decorative elements are similar to each other in the same 

category. While this paper has focused on simple forms, this work may be 

continued by studying a greater variety of forms. Last but not least, the 

process of making frost-like decorative elements came from the process of 

frost formation, which was then reversed to the melting of metal. Even 

though most of the decorations consist of some sort of melting, it has been 

done very discreetly. It is hoped that this project has demonstrated the 

various ways in which metal can be melted to produce frost-inspired works, 

and that it can inspire further research in this area in the future.   
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Abstract in Korean 
 

서리의  형성과  형태를  주제로  한   
금속  장식요소  연구와  이를  

적용한  기물  제작  
 

조민희(Angela Mini Jo) 

Metalwork and Jewelry Major 

Craft and Design 

Graduate School of Art 

Seoul National University  
  

자연에서의 서리는 습한 공기에서 만들어진 얼음 결정체를 말한다. 

이 논문의 주제는 서리의 얼음 결정체의 모습을 보고 영감을 얻어 만든 

장식 요소와 그 장식 요소를 적용한 기물을 제작하는 일이다.  

서리는 습한 공기에서 만들어진 얼음 결정체인데, 특히 식물의 

이파리에 생긴 서리의 모습을 보고 영감을 얻었으며 그것을 모티브로 

작업을 시작하였다. 나뭇잎 하나하나의 테두리를 감싸면서 생긴 서리의 

특이한 패턴이 매혹적이었기 때문이다. 나뭇잎에 생긴 서리는 나뭇잎을 

장식한다는 느낌을 주었다. 

연구를 위해 우선 서리에 대해서 공부하였다. 서리의 생성과정과 

종류와 다른 분야에서의 서리의 활용에 대해서 알아보았다. 

서리frost/frosting은 장식한다는 의미로도 사용되며, 다른 분야에서도 

frost/frosting이라는 행위가 존재한다. Frost/frosting이라는 말에 장식한다는 
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의미가 포함되어 있음에 착안하여 금속공예에서도 서리를 이용한 장식 

요소를 만들어 볼  수 있다 생각했다. 

금속으로 만든 서리 장식은 서리가 생기는 원리와는 반대로 

제작되었다. 즉, 서리는 습기가 얼었을 때 만들어지지만, 서리 장식은 

금속이 녹는 성질을 이용하여 만들었다. 이 두 물질의 자연스러운 

특징들을 인식하며, 서리의 생성 과정과 서리에서 영감을 얻은 장식적 

요소를 만드는 과정에는 상관관계가 있다고 생각했다.  

서리 장식을 만들기 위해서 먼저 서리의 종류를 정하였다. 자연에서 

서리의 종류는 다양하지만 형태적 특징에 따라서 4가지로 분류하였다. 

Hoar frost, rime frost 상고대, window frost 성에, advection frost가 그것이다. 

장식요소는 서리 종류별로 모습과 특징을 살려 만들었다. 

논문 작업은 서리 종류별 샘플 작업을 한 후, 형태와 장식 요소를 

적용하며 작업하였다. 작업을 시작하기 전 서리 장식을 크기가 작은 

기물에 적용해보았고 이 후 기물의 크기를 키우고 장식의 적용 방법도 

형태에 맞게 바꿔 작업을 이어갔다.  

이 연구를 통해서 장식적인 의미를 가진 서리를 금속공예 기법을 

통하여 표현해 보았다. 작업을 하면서 작업을 하기 위해서 부족한 

기법을 배우고 더 발전시킬 수 있도록 노력하였다. 장식적 요소들을 

만들 때에도 평소에 편하게 하지 않던 기법들을 해 볼 수 있는 기회가 

되었다. 이 연구에는 네가지의 서리로 장식요소를 만들었지만, 이 네가지 

외에 더 많은 종류의 서리가 있다. 앞으로의 작업에서 이 연구에서 한 

작업과 장식요소들을 더 발전시키고, 다른 유형의 서리를 연구하고 

금속공예 기법으로 통합 할 수 있는 장식적인 작업을 계속 할 계획이다.  
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