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Water vapor sorption dynamics in different compressions of
eelgrass insulation

Kirstine Meyer Frandsen'", Yovko Ivanov Antonov', Per Meldrup! and Rasmus Lund Jensen'

'Department of the Built Environment, Aalborg University, 9220 Aalborg, Denmark

Abstract. Eelgrass shows potential in meeting the rising demands towards new, sustainable materials. It
hosts a range of characteristics that benefits its application as a building material, such as thermal and
acoustic insulating properties that can compete with conventional mineral wool insulation. However, as a
porous bio-based building material, the moisture performance of eelgrass must be assessed to ensure its
practical application. In this study, experimental investigations are conducted by a new automated vapor
sorption analyzer (VSA) to measure adsorption and desorption of water vapor on different compressions of
eelgrass insulation, ranging from loose strands to densely compacted insulation batts. Overall, higher
sorption dynamics are observed in eelgrass insulation compared to conventional mineral wool insulation.
Loose strands of eelgrass depict higher dynamics (including hysteresis) for the full range of relative
humidity in comparison to insulation batts, potentially due to additional binder. Increasing the compression
of eelgrass insulation batts results in lower sorption dynamics in the >70% relative humidity range. A
Guggenheim-Anderson-deBoer model is applied that shows good fit with the experimental data and may be
applied in moisture transfer calculations. This study furthers the potential of compressing eelgrass for

application in passive design strategies through its moisture buffering capabilities.

1 Introduction

Rising requirements towards sustainability are increasing
the demand for alternative building materials. Bio-based
materials show large potential as they address issues
relating to environmental impact and energy savings [1].
However, the hygrothermal characteristics of these
porous bio-based building materials exhibit larger
dynamics in comparison to conventional building
materials [1]. Hygroscopic building materials show
potential in reducing energy consumption and improving
the indoor environment through their moisture buffering
capacity [2—4]. An understanding of a material’s
hygrothermal performance is therefore essential to
ensuring optimal application in a building.

Eelgrass is a bio-based material that has traditionally
been used on Lase in Denmark for thatched roofing [5].
More modern methods of application have been
introduced over recent years, for example in the
development of the Modern Seaweed House on Lase
[5,6] and introduction in material catalogues on building
innovation projects. As a building material, eelgrass
carries many beneficial properties in being non-toxic and
recyclable with long durability, high fire-resistance and
low susceptibility to mold [7] due to its presence of
natural minerals. Importantly, it holds thermal and
acoustic insulating abilities that can compete with
conventional mineral wool insulation [§].

In its active state, eelgrass acts as natural coastline
protection [9]. It then washes up on coastlines, from
where it will rot or be removed from beaches at a large
expense for Danish municipalities [7]. However, if the
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eelgrass is gathered and processed into a building
material, it binds the CO; rather than releasing it to the
atmosphere during decomposition. After collection, the
eelgrass is cleaned, crushed and dried. From here, it is
used as thermal insulation in its loose form or produced
into insulation batts in a shredding, cafting and pressing
process that allows for different compressions,
depending on the intended application.

As a porous bio-based building material, the moisture
performance of eelgrass should be assessed. Current
hygrothermal characterization of eelgrass insulation is
mostly limited to requirements set by industry standards.
Existing investigations have included LCA-analysis [7],
test programs based on CE marking [8], and Cradle to
Cradle Gold certification [10], but very little information
is presented on the sorption phenomena in the material.
Sorption dynamics is an essential element to transient
calculations of moisture transfer [11] as it depicts the
ability of a material to store moisture.

In this paper, water vapor sorption isotherms of
different compressions of eelgrass insulation and mineral
wool insulation are studied. The sorption isotherms are
experimentally derived using a new fully-automated
Vapor Sorption Analyzer (VSA) that allows for accurate,
high-resolution adsorption-desorption isotherms to be
measured in a short time-span. This method has
previously been applied on bio-based building materials
[12] and in the soil research field [13,14]. Based on the
derived isotherms, the Guggenheim-Anderson-deBoer
(GAB) model is applied to examine the relation between
increased compressions of eelgrass insulation and
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(http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 172, 17005 (2020)
NSB 2020

http://doi.org/10.1051/e3sconf/202017217005

hygrothermal properties. Overall this study aims to aid in
performance predictions so that optimal and appropriate
design of eelgrass insulation may be ensured in future.

2 Materials and methods

2.1 Fibrous insulation materials

Three different compressions of eelgrass insulation were
investigated in this study. These include loose eelgrass
(EEG-L) and two compressions of insulation batts with
respective densities of 70 kg/m? and 125 kg/m? (EEG-70
and EEG-125). EEG-L was obtained from a thatched roof
on Lase, whereas EEG-70 and EEG-125 were produced
by Lase Zostera. This study also included mineral wool
insulation (Rockwool A-batts: RW) to provide a
comparison to a conventional building material. Table 1
depicts the properties, details and images of the
investigated materials. All eelgrass materials have been
cleaned and dried. However, the insulation batts are
produced using additional binder (polyethylene and
polypropylene fibers) that is not present in the loose
eelgrass, enabling a comparison from the original state
(loose eelgrass) to processed product (insulation batts).

All of the materials are applicable as thermal
insulators. Table 1 shows that EEG-70 performs as well
as RW in terms of thermal conductivity at 37 mW/m-K,
where-as EEG-L performs slightly less at 45 mW/m-K.
The thermal conductivity of EEG-125 is unknown but
may be presumed to be similar. The bulk density of
EEG-L is the required density when using loose eelgrass
as specified by the European Technical Approval [15].

2.2 SEM imaging

Scanning Electron Microscopy (SEM) was used as a

visualization technique for initial qualitative observation
of the material structure. The SEM images were acquired
at two respective levels of magnification: low (100x) and

Fig. 1. Aqualab Vapor Sorption Analyzer (VSA) used to
achieve high-resolution water vapor sorption isotherms [16].

high (5000x). A single sample of each material was
examined.

2.3 Water vapor adsorption-desorption
isotherms

Water vapor sorption isotherm were measured by the
Aqualab VSA seen in Figure 1. The Dynamic Dew-point
Isotherm (DDI) method was applied, which has
previously been validated in [12—14], where it has shown
agreeable isotherms when compared to the Dynamic
Vapor Sorption (DVS) method and the current standard
DS/EN ISO 12571 [17]. The DDI method employs the
chilled-mirror dewpoint technique to automatically dry
and wet the sample placed inside the VSA chamber. The
sample mass is measured simultaneously by a high-
precision magnetic balance.

Adsorption-desorption isotherms were measured on
samples of approximately 1-2 cm®. No pressure is applied
on the samples during the measurements.

Table 1. Origin and properties of the investigated fibrous insulation materials: three eelgrass and one mineral wool.

Material Eelgrass Mineral wool
Acronym EEG-L EEG-70 EEG-125 RW
Bulk density 70 — 80 kg/m?3 70 kg/m? 125 kg/m? 40 kg/m?
congl‘l‘:tri‘v‘;f; 45 mW/mK 37 mW/m-K i 37 mW/m-K
Origin  Thatched roof (Leesg)  Lacse Zostera ApS Lacso Zostera ApS Rockwool

Image
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Low magnification High magnification

EEG-70

EEG-125

Fig. 2. SEM images of the four fibrous insulation materials. Images were created at low (100x) and high (5000x) magnification. The
scale can be found at the bottom of each image.
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Fig. 3. Water vapor sorption isotherms for the four insulation materials (a) EEG-L (b) EEG-70 (c) EEG-125 (d) RW. Each figure
shows eight consecutively measured isotherms; the isotherms are shaded darker with each consecutive cycle.

The hygroscopic test range was set as the relative
humidity (RH) from 10% to 90% with a resolution of
2% RH at a temperature of 23°C. Only one sample of each
material was investigated. A single isotherm was
produced in approximately 24 hours. Due to the short
time-requirements of the VSA, eight consecutive
isotherms were measured for each sample.

The Guggenheim-Anderson-deBoer (GAB) model
was subsequently applied to the derived isotherms to
analyze the impact of compressions on GAB coefficients
and provide a mathematical model for future moisture
transport calculations.

3 Results and discussion

3.1 SEM images

Resultant SEM images for each of the investigated
materials can be seen in Figure 2. An initial comparison
of the eelgrass insulation samples shows a difference in
the sizes of the eelgrass fibers from the strands of loose
eelgrass to the denser insulation batts. The eelgrass

strands have clearly been shredded in the production of
insulation batts.

The insulation batts depict a more chaotic structure
consisting of fibers from both the eelgrass and binder.
This can be observed in the images of the materials shown
in Table 1, where it is also evident that EEG-125 has been
compressed to a more dense material. Bio-based building
materials with low density commonly exhibit low thermal
conductivity [1]. As mentioned, EEG-70 has a
comparable thermal conductivity to RW; with the
increased density, it may be presumed that EEG-125 has
a thermal conductivity that exceeds 37 mW/m-K.

Observation of the high magnification images show
the rough surface of all three eelgrass materials, including
hairs on the fiber of EEG-70 and cell structures in
EEG-125. The dents on the surface of EEG-L show the
impact from micro-organisms that have previously lived
on the material. The combination of all SEM images
indicate a broad pore-size distribution for eelgrass
insulation, which is commonly known to increase the
potential for hysteresis due to complex connectivity
between different pore scales [18].
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RW consists of smooth fibers in contrast to the
eelgrass insulation. Clusters of melted fibers are apparent
in the images, due to high heat during production. The
fibers of the mineral wool appear significantly thinner at
approximately 2-10 um in diameter as opposed to
~200 ym in EEG-70 and with less variation in its pore
structure.

3.2 Water vapor sorption isotherms

The derived adsorption-desorption isotherms for each
material are presented in Figure 3. Moisture content is
given in % (kg/kg dry weight of the material). From the
isotherms it is evident that the bio-based eelgrass
insulation presents significantly higher sorption dynamics
than those present in mineral wool insulation. In fact, RW
depicts little-to-no moisture dynamics, which is expected,
as it is commonly advertised as a hydrophobic material.

The shredding of the eelgrass materials and addition
of binder has a clear impact on sorption properties. EEG-L
shows an overall higher sorption isotherm in the full range
of 10% to 90% RH when compared with EEG-70 and
EEG-125. This could potentially be due to the addition of
binder used to form insulation batts. However, all three
eelgrass insulations depict a similar isotherm type
(shape).

Furthermore, there is an impact from the increased
compression of eelgrass insulation batts (EEG-70 to EEG-
125). In the hygroscopic range from 10% RH up to
70% RH the materials exhibit similar sorption dynamics.
However, in the high hygroscopic range (>70% RH) the
materials start to exhibit different behavior. Peak moisture
content levels are higher for the lower density eelgrass
insulation; this is evident in the peak moisture content at
90% RH of 28.5% and 24.0% for EEG-70 and EEG-125
respectively.

Hysteretic behaviour appears to decrease from EEG-L
to EEG-70 and EEG-125. This is validated in Table 2,
where the local hysteresis index H soo; is calculated as the
difference in moisture content between the adsorption and
desorption curve at 50% RH, as specified in [19]. As
previously mentioned, this may be due to a broad pore-
size distribution. EEG-70 and EEG-125 exhibit similar
sorption dynamics, including hysteresis, further
highlighting the similarities also visualized by the SEM
images.

Table 2. Local hysteresis index at 50% RH for each respective
eelgrass insulation material.

EEG-L EEG-70 EEG-125
H 500 4.7% 3.6% 3.8%

Previous literature studies have observed similar
shapes and magnitudes in isotherms in other bio-based
materials, such as hemp and flax shives and fibers [20],
hempcrete [21] and Jack pine and palm wood [22]. These
suggest that the high sorption dynamics present in bio-
based materials may be attributed to the open material
structures such as those also present in eelgrass.

35 ‘
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Fig. 4. Experimental sorption data with correlated GAB model.
VSA denotes the experimental data; GAB denotes the
mathematical model. The GAB model is not applied to the RW
isotherm.

Finally, it may be noted that the repetitions of 8 cyclic
sorption isotherms show no significant differences per
repetition.

3.2.1 Mathematical model

The Guggenheim-Anderson-de Boer (GAB) model is
commonly applied as an approach to correlating material
moisture content to RH as an extension of Langmuir’s
model. It is expressed as follows:

W,KCa,

™= 1 =Ka,)(1 - Ka, + KCa,)

(1

Where m is the moisture content of the material on a dry
basis [kg moisture/kg dry weight], a,, denotes the water
activity (% RH), and W,,, C and K are constants.

W, 1is a constant that expresses the monolayer
capacity. C and K are both adsorption constants that relate
the energies of interaction between the initial and later
sorbed molecules [23].

Table 3. GAB coefficients Wy, C and K for modeling the three
eelgrass insulation materials.

Isotherm Won K C R?
BEGL Do loe 054 689 090
EEGTO Do oz 073 a6s 0999
BEG-125 D s ose6 785 090

The mathematical model is applied to the final
respective adsorption and desorption isotherms (cycle
no. 8) for EEG-L, EEG-70 and EEG-125. It is not
applicable to the RW isotherm, as it is not sigmoidal. The
software Moisture Analysis Toolkit is used to derive the
GAB coefficients listed in Table 3. The fitted model is
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plotted in Figure 4, along with the experimental VSA data
points. The data points illustrate the high resolution
attainable by the VSA. As the figure indicates, there is a
good fit between the mathematical GAB model and the
experimental data, with the biggest discrepancy occurring
around the peak water activity (90% RH), which is also
the upper limit for application of the GAB model [23].

Observation of the GAB coefficients show that the
constant ¥, differs from loose eelgrass to insulation batts.
The coefficient is significantly larger for EEG-L than
EEG-70 and EEG-125, which corresponds to the
dynamics during monolayer adsorption, occurring in the
low hygroscopic range. This is in agreement with the
observed isotherms, where EEG-L showed higher overall
moisture dynamics.

Interestingly, the coefficient C is very similar between
EEG-L and EEG-70, whereas there is an increase for
EEG-125. This effect may be observed on peak moisture
content levels around 80% to 90% RH on the fitted model
in Figure 4. Both EEG-L and EEG-70 experience a sharp
increase in moisture content in contrast to the EEG-125,
suggesting that more dense insulation batts decreases
moisture dynamics in a high RH environment.

If additional densities of insulation batts are
investigated and show agreement with the existing data,
there is potential for the development of a model linking
the coefficients to eelgrass insulation density. This can be
applied as an estimation of water vapor sorption isotherms
for may be used for the design of eelgrass insulation batts.

4 Conclusion

Eelgrass insulation shows high sorption dynamics that are
commonly observed in bio-based building materials.
These dynamics are significantly larger for all three
insulation structures than for conventional mineral wool
insulation, that has almost non-existent sorption
dynamics, typical for a hydrophobic material. These
hygroscopic characteristics give eelgrass potential for
application in passive building design strategies through
its moisture buffering capacity.

When processed from loose eelgrass into insulation
batts, eelgrass changes in structure and consequentially
sorption dynamics. This was observed by both SEM
imagery and water vapor sorption isotherms. Loose
eelgrass presented higher moisture dynamics in the whole
hygroscopic range (10% to 90% RH) prior to the
shredding and addition of binder. This was also observed
in the decrease of hysteresis from EEG-L to EEG-70 and
EEG-125. Minor variations were present between the two
insulation batts.

The increased compression of insulation batts largely
impacted the sorption dynamics in the range of 70% RH
and above, which approaches the upper threshold for
relative humidity levels common in the indoor
environment. In this range, the low-density insulation
(EEG-70) showed higher sorption properties than the
high-density insulation (EEG-125). However, both the
SEM imagery and sorption isotherms showed little other
variation.

The GAB model was applied and showed good
agreement with the experimental data, proving it a valid
model to be applied in calculations of moisture transfer.
This proves an effective tool to determine the appropriate
design of building elements for optimal indoor comfort,
material durability and energy consumption. The
correlations that were observed linking the density of
eelgrass insulation batts to the GAB coefficients could be
investigated further on additional eelgrass insulation
densities.

Further investigations are recommended to include
pore-size distribution, surface tension and surface
diffusion to fully link the pore structure effect to sorption
dynamics and deepen the understanding of hygrothermal
performance and moisture buffering capacity of eelgrass
insulation.

This project is funded by the Independent Research Fund
Denmark grant no. 8022-00032B “Non-Equilibrium Water
Vapor Sorption in Building Materials [NOWA]”. We express
our gratitude to Leonid Gurevich for his help in performing
SEM imaging and to Lase Zostera for providing us with
eelgrass insulation samples.
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