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Seaweed

Seaweed clean water
and sequestrate CO?

Remediation

and Blue carbon
(Fu et al., 2023; Cotas et al., 2023)
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Fig. 1 - Algae Phylogeny scheme — genealogy diagram with Macroalgae and Microalgae,
(based on Singh & Saxena), by Carolina Delgado (2025)



Algnae

Sodium Alginate is the sodium salt form of alginic acid and gum mainly
extracted from the cell walls of brown algae. Alginate is a compound
know as a polysaccharide.

Alginate Bioplastic can be made by combining two separate mixtures:
one containing sodium alginate, water and glycerine (as a base) and a
curing agent, calcium chloride.

Calcium has the ability to form two bonds which will hold the alginate into
a long link forming this gel as a molecule called a polymer.

The result is Calcium Alginate.

These gels withstand up to 150°C without melting (Fabricademy, 2020).

Fig. 2 - Brown Seaweed, Adobe stock photo




Cross-link Polymerisation
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2NaGsH7Os + CaClz — 2NaCl + Ci2H1uCaOnz,

Fig.3 — Eggbox model — The formation mechanism reaction for calcium alginate (Shalapy et al., 2020)

ideal water temperature
between 13°C to 28°C

also known as Gelation
(covert liquid to a solid)

Polymerisation

Sodium alginate
(NaC6H706) reacts with
calcium chloride (CaCl2) to
generate calcium alginate
(C12H14Ca012)



Bioplastic & bioyarns

Fig. 4 — Alginate Bio-films and bio-yarns with different spirulina colours, Delgado et al. (2024), photo ©Luis Silva Campos,



Extruded and knitted

Fig. 5 — Knitted Alginate Bio-yarns, photo ©Luis Silva Campos, Carolina Delgado, 2020



With fillers
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Fig. 6 — Alginate Materials with Organic Waste, photo ©Luis Silva Campos, Delgado et al. (2022)



Variations

« Bio-chromes — replace the water with a (diluted) natural colorant such as a vegetable
dye or water-based ink (e.g. hibiscus, beetroot, madder), or condiment as turmeric
powder, paprika, cinnamon.

« Bio-plastic — add sunflower oil to stronger and translucid bio-plastic, more like silicone
- Stiffness and rigidity — add less glycerine for a less flexible foil

« Transparency — remove sunflower oil and use 30% less alginate to cast thinner
transparent foils

« Fillers — use different fibres and powders to extrude or cast in sheets, like bio-ceramic
or bio-leather (e.g. eggshells, seashells, coffee grains, orange peels); (Bolumburu, 2018;
Delgado et al. 2022).






Prepare the moulds

Fig. 7 - Cleaning, Sanitizing and Disinfecting, by Andrey Golubtsov, Dreamstime

70% Alcohol dry slower
96% Alcohol is stronger

Disinfecting

1.
2.

Clean the moulds

Use Alcohol and Air dry or use
Demineralised water; if necessary dry
with a lab paper towel

Some moulds can be autoclaved or
steamed in pressure cooker



Prepare the Bah

5% Calcium Chloride Sol.

o A 0D

20g Calcium Chloride
380ml Distilled Water
2 big bowls or beakers

Steps
1.

Measure 380ml Distilled Water and pour in a beaker
Measure 20g calcium chloride

Mix the calcium chloride using a wire whisk
Reserve in a big bowl

Fill another bowl with 500ml tap water



Prepare the Soray

10% Calcium Chloride Sol.

=

10g Calcium Chloride
90ml Distilled Water
1 spray bottle

Steps

1.

Measure 90ml Distilled Water and pour in a beaker

. Measure 10g calcium chloride

2
3.
4

Mix the calcium chloride using a wire whisk

. Using a funnel pour in a spray bottle
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Seashdls and Eggshdls waste prep

Seashells

1.

Collect the seashells from the kitchen waste,
restaurant or market.

Wash the shells and boil them for about 30 minutes
above 140°C to kill all bacteria (or autoclave them).

During this process, remove foams and dirt with
a skimmer or slotted spoon.

To dry the eggshell, in the oven at 140 degrees
for 15 minutes to dry out; brittle but not burnt (subtle

crackling sound means that the eggshells are ready.

Using a bag and a hammer, break it into smaller
pieces, grind it with a mortar or a high-power
multi-grinder.

Eggshells
1.

Collect the eggshells at your home, neighbours,
restaurants, etc.

Wash the eggshells and boil them for approximately
30 minutes at a temperature above 140 °C to Kill
all bacteria (or autoclave them).

During this process, remove foams and dirt
with a skimmer or slotted spoon.

Dry in the oven at 140 degrees for about 15 minutes
to dry out; brittle but not burnt. A subtle crackling
sound means that the eggshells are ready.

Grind with a coffee grinder or a mortar and pestle.



Nuts and fruits waste prep

Any Nuts shells

1.

Collect the dry fruit shells (such as cashews,
hazelnuts, and nuts).

Using a bag and a hammer to break it into smaller
pieces, grind it with a mortar and pestle, or a high-
power multi-grinder

Used coffee grains

1.

Collect the used coffee grains and store them in a
zipper bag in the freezer.

When needed, remove them from the bag and dry
them in the oven at 100 degrees for 15 minutes.

Fruit peels

1.

Collect the fruit peels from oranges, clementines,
bananas, or other fruits, removing any remaining
fruit pulp and store them in a zipper bag in the
fridge.

Remove the interior white parts from orange peels
and banana peels, as well as the stems.

Toast them in the oven at 150 degrees for 30
minutes, until they are dry and brittle but not burnt.

Grind it using a coffee grinder or a mortar
and pestle.



1.Seashells Bio-composite

50ml Distilled Water
5ml Glycerine

Alginate and seashells powder - 100gr Seashells

Fig.8 — Alginate and Seashells Bio-biocomposite,
photo ©Luis Silva Campos, Carolina Delgado, 2020

« 2gr Sodium alginate

* 10% Calcium Chloride sol.
(in spray)

Steps

1.

©® N o 0o bk~ 0D

Measure the seashells and grain it to powder

Measure the remain materials

Mix the sodium alginate in the seashells bowl

Mix the glycerine with the distilled water

Add the water sol. to the bowl slowly, mixing with a spatula
Spray the moulds with 10% calcium chloride sol.

Pour the material into the moulds and spray again on top

Leave to dry



2.Eggshells Bio-ceramic - sompistiics water

30gr Eggshells

Alginate and eggshells powder - 2gr Sodium Alginate

Fig.9 — Alginate and Egghells Bio-biocomposite,
photo ©Luis Silva Campos, Carolina Delgado, 2020

10% Calcium Chloride sol.
(in spray)

Steps

1.

N o o~ w D

Measure the eggshells and grain it to powder

Measure the remain materials

In a small bowl mix the seashell with the sodium alginate
Add the water to the bowl slowly, mixing with a spatula
Spray the moulds with 10% calcium chloride sol.

Pour the material into the moulds and spray again on top

Leave to dry
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3.Coffee Bio-leather © 7Smi Distiied Water

Alginate and coffee grains

Fig.10 — Alginate and Coffee Bio-plastic
photo ©Luis Silva Campos, Carolina Delgado, 2020

10ml Glycerine
20gr Coffee grains
5gr Sodium Alginate

10% Calcium Chloride sol.
(or 20gr + 180ml water)

Steps

1.

2
3
4.
5
6
7

Measure the coffee grains and the remain materials

Mix the coffee with alginate

Mix water and glycerine in the beaker

Add the coffee and alginate slowly, mixing with a spatula
Spray the moulds with the sodium chloride solution

Pour into the moulds and spray on top.

Leave to dry
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4.Banana Bio-yarn oo e

Alginate and banana peels

Fig.11 — Alginate Bio-yarn with filler
photo ©Luis Silva Campos, Carolina Delgado, 2020

10ml Glycerine
10ml Sunflower oil
5gr Sodium Alginate

5% Calcium Chloride sol.
(or 20gr + 380ml water)

Steps

1.

©® N o 0o bk~ 0D

Measure the banana peels and grain it to powder

Measure the remain materials

Mix the banana with alginate

Mix water, glycerine and sun lower oil with electric blender
Add the banana and alginate slowly, mixing with a spatula
Fill syringe and extrude above cure bath to prevent clogging
Let bio-yarn harden for 5 minutes

Remove & wash in a bowl with tap water. Leave to dry
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1. Bio-film1

thin film

Fig. 12 — Alginate Bio-film with food colour,
photo ©Luis Silva Campos, Carolina Delgado, 2020

« 400ml Distilled Water
« 30gr Glycerine

« 12gr Sodium Alginate
« pigment

* 10% Calcium Chloride sol.
(or 10gr + 90ml water)

Steps

1. Prepare a cure spray — mix approx. 10gr calcium chloride with
100ml demineralized water, reserve in a spray bottle

2. Mix water and glycerine - emulsify with a blender

3. Add alginate — emulsify until uniform and add colour (ideally
rest 8h to release bubbles)

4. Spray the moulds with the sodium chloride solution

5. Pour into the moulds and spray on top

6. Leave todry

Note: To totally warerproof, after dry bath the material in a 10% calcium chloride sol.,
wash in tap water and let dry.
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2.Bio-film2

sheet

Fig. 13 — Alginate Bio-films with food colour,
photo ©Luis Silva Campos, Carolina Delgado, 2020

« 400ml Distilled Water
« 20gr Glycerine

« 8gr Sodium Alginate
« pigment

* 10% Calcium Chloride sol.
(or 10gr + 90ml water)

Steps

1. Prepare a cure spray — mix approx. 10gr calcium chloride with
100ml demineralized water, reserve in a spray bottle

2. Mix water and glycerine - emulsify with a blender

3. Add alginate — emulsify until uniform and add colour (ideally
rest 8h to release bubbles)

4. Spray the moulds with the sodium chloride solution

5. Pour into the moulds and spray on top

6. Leave todry

Note: To totally warerproof, after dry bath the material in a 10% calcium chloride sol.,
wash in tap water and let dry.
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e 400ml Distilled Water

3.Bio-plastic yarn | 249 Sodiam Alginate

Alginate and sunflower oil * 20gr Sunflower oil

Fig.14 — Alginate Bio-yarns with food colour,
photo ©Luis Silva Campos, Carolina Delgado, 2020

* 5% Calcium Chloride sol.
(or 20gr + 380ml water)

Steps

1. Prepare a cure bath — mix approx. 20gr calcium chloride with
400ml demineralized water, reserve in a bowl

2. Mix water and glycerine - emulsify with an electric blender

3. Add alginate slowly — emulsify until uniform and add sunflower
oil (ideally rest 8h to release bubbles); divide and add colour

4. Fill syringe and extrude above cure bath to prevent clogging

5. Let bio-yarn harden for 2-5 minutes, remove

6. Remove & wash in bowl with tap water. Leave to dry

Note: Make biofilms casting into moulds spraying with a 10% calcium chloride sol.




4 Bio-sferification

Alginate and

Fig. 15 — Alginate Sferification,
©Tiny Urban Kitchen, 2012

liquid

0,5 % Sodium alginate sol.
400ml Distilled Water or juice, broth, or sauce
« 2gr Sodium Alginate

0,5% Calcium Chloride sol.
« 2gr Cal. Chilroride + 400ml water

Tools: Bowls, pipette, syringe, or spherification spoon

Steps

1. Mix 400ml of choosen liquid with 2gr Sodium alginate and,
emulsify with an electric blender

2. Prepare a cure bath — mix 2gr calcium chloride with 400ml tap
water, reserve in a bowl

3. Using a pipette or syringe, gently drop the alginate mixture into the
calcium chloride bath.

4. Allow the droplets to rest for 1-2 minutes, during which a thin gel
membrane will form around the liquid.

5. Carefully remove the spheres using a slotted spoon and rinse

them briefly in clean water to remove any excess cal. chloride.



Acknowledgements

i

' l Fundacgao

para a Ciéncia
s ¢ a Tecnologia

This work is financed by national funds through FCT -
Fundacao para a Ciéncia e a Tecnologia, |.P,, under the
Strategic Project with the references UIDB/04008/2020 and
UIDP/04008/2020, and by PhD Research Scholarship FCT
2021.04708.BD https://doi.orq/10.54499/2021.04708.BD

B

FABRICADEMY
waa [L\
techno?ogy & society w I A

Lisboa

25


https://doi.org/10.54499/2021.04708.BD

References

Bolumburu P. (2018) Coffee Composite Co02. https://materiom.org/recipe/171Coffee Based (n.d.). Ona535 2. MaterialDistrict.

Delgado, C., Forman, G. & Apolinario, A. Blue-Green Horizons: Redefining Alginate Bioplastics with Spirulina Dyes. Mater Circ
Econ 6, 7 (2024). https://doi.org/10.1007/s42824-023-00099-1

Vasco Costa Delgado, C., da Cunha Santos Forman, G. A., & Antoinette Breuer, R. L. (2022). Organic Waste Bio-Based Materials
for 3D Extrusion: Eggshells, Shells Sand and Coffee grains with Sodium Alginate. Convergences - Journal of Research and Arts
Education, 15(29), 77-87. hitps://doi.org/10.53681/c1514225187514391s.29.133

Ferlatte, A. (2019). Eggshell biocomposite. https://Fabacademy.Org/. hitps://fabacademy.org/2019/labs/echofab/students/annie-
ferlatte/19WildcardWeek.html|

Kochhar, M. (2018). Eggshell Composite Ceramic Eg02.Https://Materiom.Org/. https://materiom.org/recipe/122
Shalapy, A., Zhao, S., Zhang, C., Li, Y., Geng, H., Mayo, S., Wang, G., Huang, S., & Liu, Y. (2020). Adsorption of Deoxynivalenol (DON)

from Corn Steep Liquor (CSL) by the Microsphere Adsorbent SA/CMC Loaded with Calcium. Toxins, 12.
https://doi.org/10.3390/toxins12040208

26


https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://cdn.materialdistrict.com/wp-content/uploads/2016/01/coffee-based-coffee-based-material-ona535-2.jpg
https://doi.org/10.1007/s42824-023-00099-1
https://doi.org/10.1007/s42824-023-00099-1
https://doi.org/10.1007/s42824-023-00099-1
https://doi.org/10.1007/s42824-023-00099-1
https://doi.org/10.1007/s42824-023-00099-1
https://doi.org/10.1007/s42824-023-00099-1
https://doi.org/10.1007/s42824-023-00099-1
https://doi.org/10.53681/c1514225187514391s.29.133
https://fabacademy.org/2019/labs/echofab/students/annie-ferlatte/19WildcardWeek.html
https://fabacademy.org/2019/labs/echofab/students/annie-ferlatte/19WildcardWeek.html
https://fabacademy.org/2019/labs/echofab/students/annie-ferlatte/19WildcardWeek.html

Intellectual property

This document is the intellectual creation and property of the author.

It is intended solely for the recipient’s viewing and may not be shared, reproduced, or distributed,

in whole or in part, to any third party without explicit written permission from the author.

Any unauthorized use, duplication, or dissemination of its content is strictly prohibited.




FABRICADEMY

textile and technology academy

speculdive materids | carolinaveddgado@gmail.com

[ ]
CIAUD, Research Centre for Architecture, Urbanism and Design, Lisbon School of Architecture, Universidade de Lisboa
Rua Sa Nogueira, Polo Universitario do Alto da Ajuda, 1349-063 Lisboa, Portugal

' ‘ IFIMUP e
) RA UNIVERSIDADE : ; undagao .
_;1'\"_,-1 FACULDADE DE ARQUITETU LI S B []A Institute of Physics for Advanced para a Ciéncia
cC!AuL\j D« /l i i\ LISBON SCHOOL OF ARCHITECTURE OE LISBOA Materials, Nanotechnology and Photonics s ¢ a Tecnclogia
entro de Investigagio L Y e

em Arquitetura
Urbanismo e Design



	Default Section
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9: Variations 
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16: 1.Seashells Bio-composite  Alginate and seashells powder
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21: 1. Bio-film1 thin film
	Slide 22: 2.Bio-film2 sheet
	Slide 23: 3.Bio-plastic yarn Alginate and sunflower oil
	Slide 24: 4.Bio-sferification Alginate and liquid

	Aknowledgements
	Slide 25
	Slide 26
	Slide 27: Intellectual property 
	Slide 28


