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A B S T R A C T

This study presents a method to determine surface relaxivity in soft sediments by combining one-dimensional 
Nuclear Magnetic Resonance (NMR) imaging with particle size and shape estimates. In order to determine the 
surface relaxivity up to now often methods like Mercury Intrusion Porosimetry or Brunauer–Emmett–Teller 
(BET) are used which where drying steps are involved which can alter material properties during analysis, 
particularly in highly deformable materials, making these techniques unreliable for soft soils. By combining NMR 
relaxometry and estimates of particle sizes and shapes of a soft soil, this new approach provides accurate, non- 
invasive surface relaxivity measurements. This method is demonstrated on kaolinite, glass beads, and natural 
soils, showing that this method supports detailed assessment of pore size distributions in soft sediments, 
benefiting geotechnical and environmental research where soil stability is critical.

1. Introduction

Understanding the specific sizes and distributions of pores in natural 
soils provides critical insights into their material properties. Particularly 
in materials such as quick clays and sediments found in aquatic envi
ronments like lakes, rivers, and oceans, the Pore Size Distribution (PSD) 
plays a key role in determining essential soil properties, including hy
draulic conductivity, permeability, soil sensitivity, and shear strength 
[7]. These properties are fundamental to geotechnical and environ
mental research, as they directly influence soil stability, fluid move
ment, and overall behavior under various loading and environmental 
conditions.

Determining the PSD of soft materials, particularly those in marine 
environments, presents challenges. These materials are formed by fine- 
grained clay particles that settle under gravity, creating water-saturated, 
soft, consolidated beds over time. Classical methods, such as Mercury 
Intrusion Porosimetry (MIP) and Brunauer–Emmett–Teller (BET), 
require the material to be dried beforehand, which can significantly 
alter the PSD due to the highly deformable nature of soft sediments. 
Additionally, techniques like Micro Computed Tomography (µCT) often 
fail to provide pore-level resolution or are prohibitively time-consuming 
[22].

Nuclear Magnetic Resonance (NMR) offers an alternative, non- 

destructive approach for determining PSDs in soft sediments. The 
NMR signal amplitude provides direct information on moisture content 
and, consequently, on the volume fractions of the sediments, while the 
rate of signal decay correlates with the material’s microstructure and 
PSD [9,16,21]. Low-field, portable NMR relaxometry systems with 
spatially small homogeneous magnetic field regions, make this tech
nique cost-effective and broadly applicable, particularly for analyzing 
PSDs of saturated sediments with fully wetted pores.

However, deriving an accurate PSD from NMR relaxometry requires 
accounting for surface relaxivity, a material-dependent constant influ
encing the relaxation signal. Since the NMR relaxation rate is affected by 
both pore size and surface relaxivity, an independent measurement is 
typically needed to calibrate the surface relaxivity constant. Various 
methods have been developed for this calibration, usually combining an 
independent measurement of the surface-to-volume ratio or Specific 
Surface Area (SSA) of the pores (e.g., via µCT or MIP) with NMR 
relaxation data [2]. However, as noted earlier, independent methods 
often struggle to accurately determine these parameters for soft sedi
ments. Recently, NMR-only methods, such as diffusion-based experi
ments, have been developed to overcome these challenges, however 
these methods are still time consuming [8,13].

This study introduces a novel method for determining surface 
relaxivity in soft sediments using the profile measurement as obtained 
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by one-dimensional imaging by NMR of the sedimentation proces, 
combined with independent measurements of particle size and shape, 
giving access directly to the surface relaxitviy. By using NMR one can 
capture the sedimentation and consolidation dynamics of marine sedi
ments, including volume fractions and relaxation rates over time and 
space [10]. By combining this with an an independent estimation of 
particle shape and size, the pore surface can be inferred and hence 
enabling the determination of surface relaxivity and thereby the 
pores-size distribution. Hence this new method offers an efficient and 
effective way to determine PSDs of soft sediments in situ, during the 
early phases of consolidation, providing detailed information on the 
structural properties of these sediments.

In the following section we will first discuss the idea behind the 
proposed method, followed by its application to a range of materials, 
including kaolinite clay suspensions, glass beads, and a natural soil, 
testing this new method.

2. Theory

2.1. Connecting NMR relaxation mechanisms to sedimentation phases of 
suspensions

Consider a sedimentation column filled with a water-based suspen
sion, as illustrated in Fig. 1. A homogeneous suspension forms a sedi
ment bed as the particles settle under gravity over time, leaving a 
suspension layer above and a clear water layer at the top. In the primary 
settling regime, before the so-called gelling point, the system consists of 
three distinct regions: (1) a suspension layer with homogeneously 
distributed particles, (2) a loosely packed particle bed, and (3) a particle- 
free water layer. After the gelling point, in the primary consolidation 
regime, the entire suspension phase will have sedimented on the particle 
bed, which consolidates i.e., it will compact in time, leaving a packed 
particle bed and a clear water layer as a result.

Nuclear Magnetic Resonance (NMR) imaging can be used to study 
this process. A small-scale 1D NMR scanner with low static fields 

(0.78T), static gradients (± 0.1 T/m) and test column of 23 mm diameter 
and 200 mm length can be used for this purpose. By moving the sedi
mentation column through the NMR scanner with the help of a stepper 
motor and by using a multi-slice stepper motor method, sedimentation 
profiles can be determined with a high spatial and temporal resolution 
[10]. In this multi-slice stepper motor method, the positions at which 
slices are measured is interleafed as to make optimal use of the repeti
tion time, which is dominated by the water phase, i.e., TR > 4T1~12 s, i. 
e., a mechanical equivalent of the frequency multi slice method. Hence 
in this case the CPMG signal decay [6,15] as measured at every slice is 
dominated by the structural changes in the sedimentation process.

Indeed, within this system the T2 relaxation depends on two distinct 
mechanisms depending on whether the measurement is taken in the 
suspension phase or the particle bed. In the suspension phase, both 1/ T2 
and 1/ T1 are dependent on the particle concentration. For small 
colloidal particles that are homogeneously distributed throughout the 
suspension, the particles act as relaxation centers, effectively increasing 
the viscosity of the suspension. This leads to a reduction in both T1 and 
T2 of the 1H nuclei in the suspension, see,e.g., [11,20].

In the consolidated particle bed, which is the primary focus of this 
study, the relaxation behavior gives rise to a different interpretation, i. 
e., a pore-size distribution. Here, the water molecules interact with the 
solid surfaces of the sediment particles, which form the pore structure of 
the bed. T₂ relaxation in this region is predominantly controlled by the 
surface relaxivity of the sediment particles and the size of the pores in 
between them. Surface relaxivity itself, in turn, is mainly influenced by 
the paramagnetic content of the particles and their magnetic suscepti
bility (see e.g., [18]). As the consolidation progresses and pore sizes 
decrease, faster relaxation times occur, providing insight into the 
evolving microstructure of the sediment, as shown in Fig. 1. Here we 
want to stress that in this case the particle bed forms a soft clayey ma
terial which compacts as time progresses, i.e., the pore-size distribution 
will change during the compaction phase. Hence the pore-size distri
bution cannot be determined by classical methods like MIP or BET, as 
these assume a rigid porous medium with a fixed pore size distribution.

In general, relaxation mechanisms contributing to T2 relaxation can 
be described as: 

1
T2

=
1

T2,V
+

1
T2,S

+
1

T2,D
=

1
T2,V

+ ρ2
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+
1
12
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where T2,V, T2,S and T2,D are the bulk, surface, and diffusion relaxation 
respectively. ρ2 is the transverse surface relaxivity due to the suscepti
bility mismatch of the water and the clay surface and TE the echo time. 
The diffusion-based relaxivity is dependent on the background suscep
tibility gradient G. As in this research short echo times are used (300 µs), 
this diffusion-based term is ignored. Furthermore, if one assumes a fast 
diffusion regime, which is typical for soft clayey sediments with pore 
sizes on the order of the diffusion length of water molecules, the rela
tionship between pore size and T2 can be reduced to the following 
equation [4]: 

1
T2

= ρ2
S
Vp

. (2) 

Here ρ2 is the surface relaxivity, S the pore surface and Vp the pore 
volume and hence the S/V represents a length scale characterizing the 
pores size.

2.2. Determining the surface relaxivity by combining NMR relaxation 
with particle size and shape

Since the pore sizes, and therefore T2, pore surface area (S), and pore 
volume (Vₚ), can vary over the height of the sediment bed, within this 
study median values are considered in order to estimate the surface 
relaxivity ρ₂ based on the Brownstein–Tarr model, resulting in: 

Fig. 1. A schematic representation of a typical sedimentation process from a 
natural homogenous suspension (left) to a consolidated bed of particles (right). 
Over time, particles sediment, forming a particle bed. At the gelling point, the 
suspension phase disappears as all particles have sedimented on the particle 
bed, forming a soft deformable porous material. The bed itself consolidates over 
time. The pore size of the bed can be related to the T2 time of the water in 
the pores.
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ρ2 =
1

〈T2〉

〈
Vp

〉

〈S〉
(3) 

where the values between brackets 〈…〉 are medians of the parameter 
within the bracket over height in the particle bed within a single sedi
ment profile.

In order to get an estimate of the pore volume Vp within the sediment 
bed we can first consider the volume fraction of water as measured by 
NMR in a slice, which is given by: 

ϕ =
Vp

V
=

Vp

Vs + Vp
(4) 

Here Vp is the pore volume within the excited slice, Vs the solid 
volume fraction and V the total volume of the selected slice.

The solid volume fraction can now be derived by estimating the total 
volume of individual particles contained within the slice. In order to do 
so we make use of the particle shape of the particles contained with the 
particular suspension. To do so SEM images are taken of the particles as 
given in Fig. 2. For example, in the case of clay, individual particles can 
be modeled as platelets, i.e., approximated by cylinders with a height 
0.1 times the cylinder’s radius r [3]. If we assume that there are n clay 
platelets in a volume V of a slice, then: 

V = Vp + Vs = ϕV + n
(
0.1 π 〈r〉3) (5) 

The pore surface, S,can also be estimated by using the same particle 
shape estimation, i.e., a cylindrical approximation for clay particles. The 
total surface of all kaolinite particles in a slice in this case is given by: 

S = n Sparticle = n
(
2π〈r〉2

+0.2π〈r〉2) (6) 

By combining Eq (3)-(6), the surface relaxivity in this case of clay 
particles is given by: 

ρ2 =
1

〈T2〉

〈r〉 〈ϕ〉
22 (1 − 〈ϕ〉)

(7) 

Hence we can relate the surface relaxivity to the median particle size 
of particles that make up the porous bed. A similar derivation can be 
made for the sedimentation of spherical glass beads as also given in 
Fig. 2. In this case the surface relaxivity is given by: 

ρ2 =
1

〈T2〉

〈r〉〈ϕ〉
3 (1 − 〈ϕ〉)

(8) 

The general form of eq. 7-8 is equivalent, which can be written in its 
general form as: 

ρ2 =
1

〈T2〉

〈r〉〈ϕ〉
α (1 − 〈ϕ〉)

(9) 

Here, α now is a geometry factor which is 3 for clay platelets and 22 
for spheres. Hence, this method links the median pore structure of a 
sediment bed to its surface relaxivity, using both NMR relaxation mea
surements and particle geometry approximations.

The volume fraction of water ϕ and T2 relaxation in the pores can be 
extracted from the amplitude of the NMR signal and its relaxation 
respectively, while for the soft sediments the median particle radius 〈r〉
(also refered to as D50) can be retrieved from an independent mea
surement, e.g., by using a diluted suspension and a Laser Diffraction 
Particle Analyzer. Hence in this proposed method we only have to make 
an assumption on the individual particle size and shape. No assumption 
is made of the specific pore geometry, like cylindrical pores in MIP, nor 
has the sample to be dried. A limitation is that his proposed method 
assumes one specific particle size, being the D50. Therefore, it is ex
pected that this method will only yields accurate results for particle 
distributions in suspensions which are narrow.

3. Results

In order to validate the proposed method measurements were per
formed on five samples using proposed particle shape approximation: 
three pure kaolinite samples in de-ionized water (KAO_ANG, KAO_IME, 
KAO_CLA); one natural clay-based sediment dredged from the port of 
Bremen (NAT_BRE) containing a high amount of (magnetic) impurities; 
and one sample consisting of glass beads with a well known median 
particle size (D50) of 120 microns in de-ionized water (GLS). The glass 
sample is used to provide an analysis of a particle bed which consists 
particles with a different geometry than clay platelets.

For the pure kaolinite samples, dry kaolinite powders are mixed with 
de-ionized water and stirred until a homogenous suspension is formed 
with a kaolinite concentration of 100 g/L. Glass beads are, prior to the 
measurement, cleaned in a sonic bath for one hour after which 250 g/L 

Fig. 2. SEM images of dry kaolinite clay (a) and glass beads (b); Schematic approximations of kaolinite particles as cylindrical platelets in a particle bed (c) and glass 
beads as spheres in a particle bed (d).
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of the glass bead suspension in de-ionized water is created. The Bremen 
sample (straight out of the harbor) is stirred until a homogenous sus
pension is created at 280 g/L. Finally, 80 ml of each suspensions is used 
in 200 mm high, 23 mm wide cylindrical glass tubes and mixed thor
oughly before the sedimentation experiment is started.

The samples with homogenous suspension are left to sediment for a 
minimum of 72 h. In this study a small-scale one-dimensional NMR 
scanner is used [10]. The NMR setup is schematically represented in 
Fig. 3. A GMW 3473-70 Electromagnet is used to generate a static 
magnetic field (B0) of 0.78 T. A Faraday shield is used to shield the 
high-frequency coils of the NMR system, making the NMR measure
ments quantitative [12,17]. Changes in the dielectric properties of the 
volume contained within the coil as the samples moves through the 
NMR will change the tuning of the LC circuit. Implementing a Faraday 
shield consisting of vertical wires only will allow the magnetic field lines 
to pass through the shield, while shielding the electric field lines, pre
venting detuning of the LC circuitry.

As indicated, in order to measure a profile a multi-slice stepper motor 
method is used as to decrease the measurement time of a profile as this 
dominated by the repetition time of the water phase, i.e., TR > 4T1~12 
sec. In this multi-slice stepper motor method care is taken that the 
maximum acceleration of the stepper motor does not exceed 1% of the 
gravitational acceleration. At every slice, a Carr–Purcell–Meiboom–Gill 
(CPMG) sequence with 2048 pulses and an echo time (TE) of 300 µs was 
used at a constant magnetic gradient of 0.11 T/m. With a pulse duration 
of 30 µs, a slice of approximately 3 mm thick is excited. The signal in
tensity in the slice can be directly related to pore volume Vp and water 
volume fraction ϕ, while signal decay is used to derive T2.

In Fig. 4. we have given both the volume fractions of water ϕ and T2 
time as a function of the height of all 5 samples at the end of consoli
dation, i.e., after 72 h. As can be seen from the figure, the natural 

Bremen sediment has the lowest T2 distribution, which can be attributed 
to the large amount of impurities in this natural sample. Glass has the 
highest T2 on average. Except for the glass samples, all T2 distributions 
show an upward curve over the height of the sample as expected, indi
cating that pores become larger as we move up the height of the sedi
ment column.

The median values of T2 time 〈T2〉 and volume fraction 〈ϕ〉 from 
Fig. 4 are given in Table 1. As can be seen the glass sample exhibits the 
lowest median volume fraction at 0.37, closely aligning with the ex
pected volume fraction of 0.365 for randomly packed homogeneous 
spheres [23]. The pure kaolinite samples exhibit similar median T2 times 
due the natural sediment having the lowest median T2 value due to the 
larger amount of impurities.

Next, the D50 of the kaolinite and natural sediments is estimated 
using a Malvern Mastersizer 3000+ Laser Diffraction Particle Analyzer. 
In order to do so the clay-based sediment suspensions are diluted to 
contain <1 g/L sediment. The diluted suspensions are fed through the 
analyzer, yielding particle size distribution as given in Fig. 5.

As can be seen from Fig. 5, the kaolinite-based suspensions have a 
narrow particle-size distribution with peaks around 10 micron. The 
natural Bremen sediment (NAT_BRE) has a broader particle distribution, 
skewed towards larger particle sizes, with a peak around 10 micron as 
well. Based on the measured particle size distributions (given in Fig. 5), 
the D50 is calculated for each clay sample and these are given in Table 2. 
As can be seen the D50 is dominated by the smallest particles from the 
sediment suspensions.

Based on the determined 〈T2〉, 〈ρ2〉, 〈ϕ〉 from Table 1 and D50 from 
Table 2 we can now determine the surface relaxivity at the end of the 
consolidation. These results are given in Table 2. For clay-based sam
ples, eq. (7) is used while eq. (8) applies for the glass beads. As can seen 
all pure kaolinite samples yield a surface relaxivity between 21.5–25.3 
µm/s, whereas the natural bremen sediment (NAT_BRE) and glass beads 
(GLS) have a surface relaxivity of 291.8 µm/s and 48.6 µm/s 
respectively.

In order to relate the determined surface relaxivity to their iron 
content we have performed X-Ray Fluorescence (XRF) measurements on 
dried samples. The results are also given Table 2. As can be seen for the 
clay-based sediments, the surface relaxivity correlates well with the iron 
content. Indeed, the surface relaxivities for the kaolinite samples are in 
good agreement with similar research by Elsayed et. Al, which showed 
that kaolinite samples with 1 wt% iron content should have a surface 
relaxivity of around 28.2 µm/s [9].The surface relaxivity of the natural 
Bremen sediment (NAT_BRE) of 291.8 µm/s again correlates with the 
high iron content caused by the natural impurities in the soil. Similar 
surface relaxivities of 360 ± 50 µm/s are reported for natural soils via 
NMR Diffusion experiments by [8]. The surface relaxivity of 48.6 µm/s 
for the glass beads sample (GLS) is slightly above the range of surface 
relaxivities found for similar silica-based glass samples ranging from 
22.6–45 µm/s determined via µCT [1,9].

It is to be noted that while most examined samples are well char
acterized by the fast-diffusion limit (with Brownstein-Tarr number 
ρ∗2D50

D ≪1), the NAT_BRE samples is in the intermediate diffusion regime 
(with Brownstein-Tarr number ρ∗2D50

D > 1). The intermediate regime is 
characterized by more complex relaxation dynamics, with higher 
relaxation modes becoming noticeable. As these are not taken into ac
count in this method, the retrieved surface relaxivity in the case of the 
NAT_BRE sample should be seen as a first-order estimate.

4. Discussion

We have also determined the surface relaxivity of the clay-based 
samples using standardized BET measurements [5]. In order to do so 
clay sediments are dried in an oven at 60 ◦C until constant mass. A 
coarse powder is made by scraping the dried sediment with a spoon, and 
weighted. The sample is additionally dried for a further 24 h under 

Fig. 3. Schematic representation of the NMR setup. The electromagnet pro
duces a static magnetic field (B0) of 0.78T. Gradient coils produce a constant 
magnetic gradient of 0.11 T/m along the height of the sample. The high fre
quency RF coil is shielded from the sample by a Faraday shield. The sedi
mentation columns (sample tube) can be moved through the NMR with a 
stepper motor connected with the sample.
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nitrogen flow in a micrometrics FlowPrep 060 at 160 ◦C. Finally the 
specific Surface Area (SSA) is determined using a micrometrics Gemini 
VII Surface Area and Porosity Analyzer (BET).

The SSA is used to derive the surface relaxivity combined with the 
NMR experiments (where the mass of the sample is calculated from the 
volume and density of the suspension, and T2 time from Table 1 is used). 
Both specific surface area (SSA) and surface relaxivity derived via BET 
are given in Table 2.

As can be seen the surface relaxivity values via BET consistently yield 
smaller values by a factor of 5–8 than via the proposed method of par
ticle size and shape approximation. A similar low ρ2 values of 1.8 on 
kaolinite was also reported by Matterson et. al. which also used BET 

Fig. 4. a) T2 times of water in porous particle bed of various clay and glass-based samples; b) volume fractions ϕ of water in the porous bed of clay and glass-based 
samples; The median values of T2 and ϕ are indicated within the graphs.

Table 1 
Calculated median T2 time 〈T2〉 and volume fraction 〈ϕ〉 in the consolidated 
particle bed for clay-based and glass beads samples, after 72 h.

Sample [-] 〈T2〉 (s) 〈ϕ〉 ( − )

GLS 0.20 0.37
KAO_ANG 0.04 0.87
KAO_CLA 0.04 0.83
KAO_IME 0.08 0.92
NAT_BRE 0.003 0.79
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[14]. This can be explained by looking more closely at the length scales 
and surface morphologies at which these two methods (BET and NMR) 
are sensitive. Within the NMR measurements, the surface is probed by 
water molecules which diffuse through the macropores created between 
the stacked clay particles. The dephasing length is on the order of mi
crons, i.e., on the order of the macropores one measures via NMR. 
Trapped water molecules in nanopores within the particles of the par
ticle bed do not contribute to the NMR signal due to fast relaxation [19]. 
This is of no interest in these experiments as our focus lies on the larger 
pores in between particles in the sedimentation column, where water 
diffusion is probing the pore space. BET, however, measures adsorption 
of gases using gas isotherms. The surface averaging therefore takes place 
on the length scale of the gas molecule (order of nanometers). Therefore, 
BET measures both the surface area of nanoporous and macro structure 
of the material, and hence overestimates the surface of the macro pores 
which is needed to get a correct estimate for the water molecules 
diffusion only within the macro pores. Indeed [8], found similar dif
ferences for the surface relaxivity in the order of 2–6 between BET and 
NMR (diffusion).

It is important to note that the proposed surface relaxivity determi
nation method may only be used if particle beds of sediments are 
consolidated. To see this effect, we investigate how the determined 
surface relaxivity evolves over time as the particle bed is formed and 
consolidates. To this end, a typical sedimentation process from a ho
mogenous suspension to a consolidation of two pure kaolinite samples 
(KAO_ANG and KAO_CLA) is investigated. The sedimentation process is 

studied for the first 36 h of consolidation. An entire sedimentation 
profile is measured every 15 min with the 1D NMR protocol [10].

The complete sedimentation process is given in Fig. 6, where both 
the volume fractions of water as the PSD over the height of the particle 
bed (via Eq. (2)) is given. As explained in Fig. 1, the initially homoge
nous suspension settles under the influence of gravity. For both samples, 
the particle bed increases at first until the gelling point is reached. As all 
particles have sedimented on the bed, the bed then consolidates until a 
quasi-steady system is created.

Consolidation and sedimentation show differences over time 
depending on the sample. This can be attributed to the difference in pH 
value of the suspensions, which is 4.9 for KAO_ANG and 8.3 for KAO_
CLA. More specifically, this difference in pH influences the surface 
charge of kaolonite particles in the suspension. For KAO_CLA, in basic 
conditions, face-to-face stacking of the kaolinite platelets occurs. For 
KAO_ANG on the other hand, where platelets are in an acidic environ
ment, platelet stacking prefers a more edge-to-face configuration upon 
sedimentation and consolidation. This edge-to-face configuration 
(KAO_ANG) provides a more rigid and less compact homogenous 
structure, similar to a house of cards, than the face-to-face stacking 
which provides a less rigid and more compact structure (KAO_CLA) [7].

Based on these measurements, we can now determine the surface 
relaxivity at each time step, with the results presented in Fig. 7. For both 
kaolinite samples, KAO_ANG and KAO_CLA, the surface relaxivity 
asymptotically levels off to a constant value as the particle bed consol
idates. This behavior can be explained by the relationship between the 
particle size distribution of the suspension and the formation of the 
particle bed. Specifically, the determination of surface relaxivity is only 
valid after the gelling point is reached and all particles have settled onto 
the consolidating particle bed. After the gelling point, the D50 value, 
derived from the suspension, accurately represents the D50 of the par
ticles within the bed. Moreover, as the consolidation progresses, the 
pores in the bed become more distinct, allowing the relaxation behavior 
to be better described by the Brownstein-Tarr theory, which links pore 
size, T2 relaxation times, and surface relaxivity.

In Fig. 7, it can be seen that the surface relaxivity of KAO_ANG levels 
off much more quickly (around 6–7 h) than for KAO_CLA (around 25 h). 
This difference can be attributed to the different pH environments of the 
samples. As highlighted before, the edge-to-face configuration of 

Fig. 5. Particle size distributions of clay-based sediments, both natural sediment (NAT_BRE) and pure kaolinite samples (KAO_CLA, KAO_IME and KAO_ANG) as 
determined by Laser Diffraction Particle Analysis with sediment suspensions diluted to < 1 g/L.

Table 2 
Calculated surface relaxivities for clay-based and glass beads samples via par
ticle size/shape and BET methods. Surface relaxivities are related to their iron 
content, median particle size (D50) and specific surface area (SSA).

Sample 
[-]

D50 
[µm]

ρ2 [µm/s] via 
particle shape 
and size

SSABET 

[cm2/g]
ρ2 [µm/ 
s] via 
BET

Iron content 
Fe2O3 [%]

NAT_BRE 10.1 291.8 19.1 43.0 12.5
KAO_CLA 7.8 25.3 16.3 3.2 1.59
KAO_ANG 6.4 24.2 12.6 5.0 1.45
KAO_IME 6.6 21.5 14.2 3.2 1.12
GLS 120 48.6 n.a. n.a. 0.36
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KAO_ANG platelets provide a rigid and less compact homogenous 
cardhouse structure, which becomes stable soon after the gelling point 
has been reached. For KAO_CLA on the other hand, the face-to-face 
stacking which provides a less rigid and more compact structure 
(KAO_CLA) which takes more time to consolidate and become stable.

5. Conclusion

The proposed new method for determining surface relaxivity using 

NMR imaging and particle size and shape approximations provides a 
means to assess surface relaxivity in soft sediments, where traditional 
techniques like MIP or BET analysis are limited in their application. 
Validation experiments and comparisons with established research 
demonstrate the method’s applicability to a variety of of clay-based 
samples and glass spheres. Results are in agreement with previous 
findings on similar samples and show a correlation between NMR- 
derived surface relaxivities and sediment characteristics, such as iron 
(Fe2O3) content.

Fig. 6. Pore Size distributions over the height of the sample in the particle bed and volume fraction of water in the sedimenting kaolinite clay profiles in deionized 
water over time. The columns start of as a homogenous suspension. Over time, a particle bed is formed and a clear water layer forms.

Fig. 7. The surface relaxivities of sedimenting kaolinite mixtures determined as a function of time for KAO_ANG and KAO_CLA via Eq. (6).
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It should be noted that the proposed method for determining surface 
relaxivity is accurate only when the particle bed has fully consolidated. 
Additionally, the method has been tested on samples with narrow par
ticle size distributions, typically in the range of tens of microns. A lim
itation of the approach is its reliance on the median particle size (D50), 
to approximate surface relaxivity, which may limit its applicability for 
samples with broader particle size distributions.

Future research could address this limitation by integrating over the 
full particle size distribution rather than relying solely on median par
ticle size. This adaptation would potentially increase the method’s 
robustness and applicability to samples with broader PSDs, allowing for 
a more comprehensive assessment of surface relaxivity across diverse 
sediment types.
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