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1.1 Introduction

1.1.1 Aerogels

aerogel

Figure 1.



Figure 1

1.1.2 Evolution of aerogels

Figure 2

Figure 2.



1.1.3 Aerogel properties and applications

Figure
3

Figure 3



Figure 3.

1.1.4 Future perspectives



Figure 4 a

Figure 4 b

Figure 4.

section 1.3



1.2 Framework of this thesis

CellMat Laboratory

Figure 5.



1.3 Objectives



Figure 6

Figure 6.

a) Synthesis and characterization of monolithic polyurethane aerogels with enhanced
properties
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b) Production of composites using reticulated flexible polyurethane foams as scaffold

PUF–PUA

Figure 7



Figure 7.

Annex



1.4 Novelties

polyurethane based aerogels optical transparency
synthesized for the very first time

most insulating capacity for this
matrix reaching the lowest values of thermal conductivity for PU
aerogels

novel strategy polyurethane based
aerogels into the pores of reticulated flexible polyurethane foams

method for improving the insulation performance of flexible
reticulated PU foams

influence of the foam pore size
the cohesion between the

aerogel and the PU struts is effective final properties are similar to
monolithic aerogel

reinforcement for silica aerogels
maintaining their super insulating performance

innovative way for enhancing silica aerogels strength

strategy has been optimized by the study of the effect of different foam
pore sizes more efficient aerogel filling when the foam pores are smaller



effect of air trapping in rigid PU foams filled with nanoclays
the viscosity increase

contributing to a
nucleating effect, instead of being the effect of the particles themselves

Novel parameters semirigid PU foams
relationship between

acoustic absorption and structural parameters

inclusion of organomodified nanoclays on flexible hydrophilic PU
nitrates adsorption in

water solutions, support of these particles
reaching high nitrates adsorption capacities

1.5 Structure of this thesis

Chapter 1: Introduction.

Chapter 2: State of the art.

Chapter 3: Experimental section: Materials and Techniques.



Chapter 4: Synthesis and Characterization of Transparent Polyurethane
aerogel monoliths.

Chapter 5: Thermal Conductivity and Mechanical Properties of Transparent
Polyurethane aerogel monoliths.

Chapter 6: Improving the thermal insulation of Polyurethane foams by
aerogel inclusion in the porous structure.

Chapter 7: Mechanical reinforcement of Silica Aerogels with Polyurethane
foams as scaffold.

Chapter 8: Conclusions and Future Work.

Annex:



Figure 8 Figure 9

Figure 8.

Figure 9.



1.6 Publications, conferences, projects, and courses

Table 1

Table 2 Table 3 Table 4 Table
5 Table 6 Table 7

Table 8

Table 1.

Indexed Scientific publications
Number Reference Q/IF Chapter

1 Thermal Conductivity of Nanoporous Materials: Where
Is the Limit?

2 Transparent Polyisocyanurate Polyurethane Based
Aerogels: Key Aspects on the Synthesis and Their
Porous Structures.

3 Optical Properties of Polyisocyanurate – Polyurethane
Aerogels: Study of the Scattering Mechanisms

4
Super insulating transparent polyisocyanurate
polyurethane aerogels: analysis of the thermal
conductivity and mechanical properties

5 Effect of the addition of carbon nanotubes on the final
properties of polyurethane polyisocyanurate aerogels

6

Improving
the Insulating Capacity of Polyurethane Foams through
Polyurethane Aerogel Inclusion: From Insulation to
Superinsulation

7 Silica Based Aerogel Composites Reinforced with
Reticulated Polyurethane Foams: Thermal and
Mechanical Properties

8 Polyurethane foam scaffold for silica aerogels: effect of
the cell size on the mechanical properties and thermal
insulation

9 Nanoparticles addition in PU foams: The dramatic



effect of trapped air on nucleation

10
A New Methodology Based on Cell Wall Hole Analysis
for the Structure Acoustic Absorption Correlation on
Polyurethane Foams

11 Enhanced nitrates polluted water remediation by
polyurethane/sepiolite cellular nanocomposites

Non Indexed Scientific publications
Number Reference

1
Development of a postgraduate training program on surface functionalization
of polymers/polymer foams

2 Highly Transparent Polyurethane based Aerogels:
effect of catalyst on the porous structure and final properties

3

Water Pollutants Removal by Nanocomposite foamed Polymers

Table 2.

International conferences
Number Conference Contribution

1 Nitrates and other pollutants removal from water resources
using multifunctional polyurethane foams

2 Nitrate removal from aqueous solution by adsorption onto
polyurethane/sepiolite cellular nanocomposites.

3
Ex situ analysis of the synthesis of PU aerogels: time evolution
of particle size.



4
Synthesis of polyurethane aerogels and the effect of the
structure on thermal conductivity.

5
Highly transparent polyurethane based aerogels: effect of
catalyst on the porous structure and final properties

6 Water Pollutants Removal by Nanocomposite foamed
Polymers.

7

Transparent Polyurethane based aerogels with tunable
optical properties

8 Reinforced silica aerogels by using open cell polyurethane
foams as skeleton: thermal and mechanical properties

9
Polyurethane foam scaffold for silica and polyurethane
aerogels: effect of pore size on mechanical properties and
thermal insulation

10
Polyurethane aerogels: lightweight, transparency and super
insulation in one material

11

Nitrates and other pollutants removal from water resources
using multifunctional porous polymers



Table 3.

National conferences
Number Conference Contribution

1 Green synthesis of 3 (2 Pyridyl)Pyrazole and its group 6 and 7
metal carbonyl complexes

2 Synthesis and structural characterization of polyurethane
aerogels

Table 4.

Research projects
Public funding

1

Project
Espumas poliméricas funcionales para el
tratamiento de aguas.

2

Project

Polímeros nanocelulares transparentes y
aislantes térmicos, fabricación, caracterización y
relación proceso estructura propiedades

3

Project

Polímeros nanocelulares micronizados: una nueva
generación de materiales para el core de aislantes
térmicos avanzados basados en paneles de vacío
(VIP)

4

Project

Desarrollo de super aislantes térmicos basados en
polímeros nanocelulares y bloqueadores de la
radiación infrarroja.



5

Project
Hacia la producción industrial de polímeros
nanocelulares transparentes.

6

Project

Producción sostenible de super aislantes térmicos
basados en polímeros nanocelulares con
conductividad térmica reducida a través del
incremento de la dispersión de fonones.

Private funding

7

Project

Investigación sobre aplicaciones de
nanomateriales avanzados de carbono a la mejora
de las prestaciones de matrices de poliuretano
(PU) con interés en el sector de la automoción

8

Project Análisis comparativo de la estructura y cinética de
reacción de sistemas en base poliuretano

9

Project
Desarrollo y optimización de materiales celulares
de celda abierta para aplicaciones de confort y de
absorción de líquidos

10

Project Desarrollo y optimización de materiales celulares
de elevada resistencia al impacto

Chapter 7
Chapter 2



Table 5.

Internships

1

Computation and Materials (CeM)

2

Computation and Materials (CeM)

Table 6.

Awards

1 Second prize: IV Edition “Three Minute Thesis”

2
Second prize: Best Poster Presentation from Early Career Researchers in
International Conference on Aerogels for Biomedical and Environmental
Application

3
First prize: Young researchers‘– Best Oral Presentation Award in the Spanish
Portuguese Industry Academia Aerogel Meeting

4
Finalist in the I Edition of the Divulgation Contest #HiloTesis”

5 Finalist team of the IMFAHE´s Idea Competition Nodal Award/Shark Tank
Edition

Table 7.

Grants and contracts
1 General Foundation of the University of Valladolid
2 Predoctoral Contract of the University of Valladolid

3 Predoctoral Contract from the Spanish Ministry of Science, Innovation and
Universities FPU, 2017

4

Short Term Scientific Missions (STSM). AERoGELS COST Action (CA18125
Advanced Engineering and Research of aeroGels for Environment and Life
Sciences)

5 Mobility grants for short internships or temporary internships for FPU
beneficiaries. Spanish Ministry of Universities FPU 2020

6 Grants for the attendance at courses, congresses and conferences relevant to the
development of doctoral theses of the University of Valladolid

7 Grants for the attendance at courses, congresses and conferences relevant to the
development of doctoral theses of the University of Valladolid



Table 8.

Additional scientific publications
Number Reference

1 Whole microwave syntheses of pyridylpyrazole and of Re and Ru luminescent
pyridylpyrazole complexes

2 Luminescent Rhenium(I)tricarbonyl Complexes Containing Different
Pyrazoles and Their Successive Deprotonation Products: CO2 Reduction
Electrocatalysts

3 Textile waste reinforced cotton silica aerogel composites for moisture
regulation and thermal / acoustic barrier

4 Methodology for measuring the thermal conductivity of insulating samples
with small dimensions by heat flow meter technique

Additional conferences

1
Development of a postgraduate training program on surface functionalization of
polymers/polymer foams.

2 Tricarbonylrhenium(I) luminescent complexes with mono and bidentate
pyrazoles.

3 Deprotonation studies, luminescent properties and catalytic CO2 reduction
activity of Re(CO)3 complexes with pyrazole and (3 (2pyridyl)pyrazole).

Divulgation activities

1 “Rhenium(I) luminescent complexes with the ligand 3 (2
pyridyl)pyrazole”

2 Summer Scientific Campus

3
Three Minute Thesis Contest 2019

4 Oral presentation in the National “Pint of Science”. 2021



5
Divulgation Contest #HiloTesis”

6
Divulgation Activity #Cuéntame11FUVa

7 Scientist Photography Contest (DIL)

Training activities

1 Guía práctica para la publicación de trabajos

2 Infrared Thermography with image processing

3 Conference “Plastic, Containers, Fundamentals, Regulations and Trends”

4
5th International Summer School on Aerogels

German Aerospace Center (DLR)
5 Introduction to Project Management

6
6th International Online Summer School on Aerogels

German Aerospace Center (DLR)

7 AERoGELS COST Action WG1&5 Virtual Hands On Trainning School

8 Workshop: Advices and Regulatory Aspects on Health Risk, LCA and Production
Management of Aerogels

9
Webinar: Sustainable silica based nanomaterials for thermal protection
systems.

10 Quarter Course on “Professional Development”

11 Quarter Course on “Innovation, Entrepreneurship and
Leadership”

12 Quarter Course on “Careers in Science”

13 Mentee of the International Mentor Program (IMP).

14 IMFAHE´s Idea Competition Nodal Award/Shark Tank Edition

15
IMFAHE´s VIII International Conference Innovation Camp “Connecting Talent
Worldwide, Promoting Innovation and Excellence in Higher Education”
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2.1 Introduction

2.2 Aerogels
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Table 2.1
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The Chemistry and Physics of Aerogels:
Synthesis, Processing, and Properties



2.2.2 Types of aerogels depending on the matrix

Inorganic aerogels:

Organic aerogels:
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2.2.4 Drying methods
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Ambient drying

Figure 2.5.

Figure 2.5.

xeros’,

section
2.2.3

Freeze drying
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Supercritical Drying
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2.2.5 Porous structure
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2.2.6 Parameters defining an aerogel
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Figure 2.9.

Skeletal density ( s)

Relative density ( r)

Equation 2.3

Porosity ( )



Shrinkage (S)

Specific surface area (SBET)

Table 2.3



Table 2.3.

Chapter 3

Microscopic parameters

Figure 2.8.

Particle size ( particle)

Figure 2.10 a



Figure 2.10.

Pore size ( pore)

Figure 2.10 b

Figure 2.8

Chapter 3



2.3Properties

2.3.1 Optical properties
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Figure 2.11
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Scattering mechanism
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Rayleigh scattering Figure 2.12
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2.3.2 Mechanical properties
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2.3.3 Thermal Conductivity

2.3.3.1. Mechanisms of heat transfer for nanoporous materials and techniques
to measure the thermal conductivity of these materials.

Thermal Conductivity of Nanoporous Materials: Where Is the Limit?



Figure 2.19.
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2. Thermal Conductivity in Nanoporous Materials



2.1. Measurement Techniques

2.1.1. Transient Methods: Technique Description

Figure 1

Figure 1a
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2.1.2. Steady State Methods: Technique Description
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2.1.3. Empirical Comparison between Transient and Steady State Methods

Table 1

Table 1.

Transient Method Steady State Method



Table 2

Table 2.

Sample
Bulk Density/

kg/m3

TPS/

mW/(m K)
SD

Steady State/

mW/(m K)
SD

Silica aerogel composites
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Figure 3a

Figure 3b
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Figure 3.



2.2. Thermal Conductivity of Nanocellular Polymers

2.2.1. Nanocellular Polymers

Figure 4
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2.2.2. Thermal Conductivity in Nanocellular Polymers

Table 3
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Table 3

Table 3.

Material Bulk Density/
kg/m3

Cell Size/
nm

Thermal Conductivity/
mW/(m K) Ref.
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2.3. Thermal Conductivity of Aerogels

2.3.1. Silica Aerogels: Effect of Structural Properties on the Thermal Conductivity

k
Table 4

Table 4.

Material Drying a
Bulk

Density/
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Pore
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Pore
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Thermal
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2.3.2. PU Aerogels: Effect of Structural Properties on the Thermal Conductivity
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3.3. Solid Thermal Conductivity
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3.4. Future Perspectives
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SD/ particl
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Table S1.

Sample E1 (MPa) E2 (MPa) E3 (MPa) E4 (MPa) E5 (MPa)

Reference

0.5 wt.% CNT

1.0 wt.% CNT

3.0 wt.% CNT

Table S2.

Reference 0.5 wt.% CNT 1.0 wt.% CNT 3.0 wt.% CNT

10 (MPa)

25 (MPa)

50 (MPa)

75 (MPa)

Table S3.

Sample 10 °C
(mW/mK)

20 °C
(mW/mK)

30 °C
(mW/mK)

40 °C
(mW/mK)

Reference

0.5 wt.% CNT

1.0 wt.% CNT

3.0 wt.% CNT
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6.2 Polyurethane aerogel inclusion in the porous structure of Polyurethane
foams: improving their thermal insulation

B. Merillas, F. Villafañe, and M.
Á. Rodríguez Pérez. Improving the Insulating Capacity of Polyurethane Foams through
Polyurethane Aerogel Inclusion: From Insulation to Superinsulation. Nanomaterials,
vol. 12, p. 2232, 2022, doi: 10.3390/nano12132232.

enhance the polyurethane foams
elastic modulus (from 0.03 0.08 to 0.85 MPa) reducing their
thermal conductivities, until reaching values of ca. 16 mW/mK.

inclusion of more than an 80 wt.% of aerogel inside the
polyurethane foams

larger pores reduce the
final density by decreasing the final shrinkage during drying

composites show great flexibility and recovery ratios
composites do not break at high deformations

synergistic effect density of the
monolithic aerogel is reduced

barrier effect that the reticulated foams are producing on the polyurethane aerogel
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Figure 6.2. “Improving the Insulating Capacity of Polyurethane Foams
through Polyurethane Aerogel Inclusion: From Insulation to Superinsulation.”
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Figure A.1
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nanoparticles were added

The more air is included into the reactive blend, the higher the nucleation
effect.

trapped air included into the
mixture, higher when the polyol viscosity increases due to the addition of the
nanoclays.

Figure A.1.



Figure A.1. “Nanoparticles addition in PU foams: The dramatic effect of
trapped air on nucleation.”
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absorption capacity

Figure A 2
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than one with a higher number of smaller holes.

Figure A 2



Figure A.2. “A New Methodology Based on Cell Wall Hole Analysis for the
Structure Acoustic Absorption Correlation on Polyurethane Foams.”
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4. Polyurethane foams sepiolite nanocomposites for an effective nitrate
removal from water resources.
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Roman, M.A. Rodriguez Perez, and J. Pinto. Enhanced nitrates polluted water
remediation by polyurethane/sepiolite cellular nanocomposites. J. Clean. Prod. 254
(2020) 120038. doi:10.1016/j.jclepro.2020.120038.

flexible hydrophilic polyurethane foams with different amounts of
natural and organomodified sepiolites as fillers (SePU) nitrates
adsorption capacity

23 mg/g, with no need of controlling the temperature or pH of the medium

Langmuir model describes the interaction between the treated
sepiolite and nitrates

Figure 3



Figure 3. “Enhanced nitrates polluted water remediation by
polyurethane/sepiolite cellular nanocomposites.”
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