Water Research 245 (2023) 120660

Contents lists available at ScienceDirect

Water Research

journal homepage: www.elsevier.com/locate/watres

ELSEVIER

Check for

Monitoring settling of anaerobic digestates using low-field MRI profiling | e
and NMR relaxometry measurements

Emanuel G. Bertizzolo ®”, Charlie G. Gomes ¢, Nicholas Ling *, Fabiana Tessele ",
Michael L. Johns®, Einar O. Fridjonsson ™
& Department of Chemical Engineering, The University of Western Australia, 6009, Australia

b Tessele Consultants, 6156, Australia
¢ Chemical Metrology Laboratory, Federal University of Pelotas, 96010-900, Brazil

ARTICLE INFO ABSTRACT

Keywords: Dewatering of anaerobic digestate from red meat processing was assessed using low field MRI profiling and NMR
Anaerobic digestate relaxometry. Samples were flocculated using a cationic flocculant (EM640CT) at dosing range (0 to 1.6% v/v)
Flocculation

and monitored during the initial 30 min of settling via MRI profiling to assess changes in water fraction, settling
time and initial settling velocity. The profiles showed decreasing settling time and increasing initial settling
velocity with increased dosing, while sample porosity was observed to increase up to the optimal dosing point
(0.8% v/v). Significant increases in sample variability were observed past this point due to flocculant overdosing.
The samples were then analysed in terms of turbidity and NMR relaxometry. Increasing flocculant concentration
caused turbidity to decrease from 210 to 13 NTU. The relaxation rate of free water showed a strong positive
correlation with turbidity. T, peaks observed before overdosing could be assigned to different water structures
(free, interstitial, vicinal and hydration). An additional Ty population emerged in the Ty distributions at the
optimal dosing point. Multivariate exploratory data analysis (MEDA) showed that this Ty population from the
solids layer was strongly correlated with the total solids layer height and turbidity of the watery layer. This Ty
peak formation may therefore be used to study opaque flocculated solids to monitor for water structures asso-
ciated with flocculant overdosing. Further studies using this technique will aim to assess the potential of low field
T, relaxometry monitoring inline before mechanical dewatering, to monitor optimal flocculant dosing during
continuous operations on systems with high solids concentration.

Settling process
Water removal
NMR & MRI

1. Introduction 2018; Vaneeckhaute et al., 2017).
Dewatering of anaerobic digestate is an important step in fertilizer
production due to both the reduction in material volume for trans-

portation and the lowering of water content to reduce heating-power

With global awareness increasing of the risks associated with non-
sustainable strategies, an increasing focus has been placed on circular

economy solutions for both long-term environmental and economic
sustainability. However, overcoming current linear economy drivers is
challenging (Ellen-MacArthur-Foundation, 2015; Schroder and Raes,
2021; Tessele-Consultants, 2022; Ware and Power, 2016). A strategy to
reach this circularity is by using bio-wastes (e.g. municipal and agri-
cultural) as a source for anaerobic digestion (Antille et al., 2018; Choj-
nacka et al., 2020; Lukehurst et al., 2010; Ramirez et al., 2021). The
biogas produced by anaerobic digestion can be used in Combined Heat
and Power (CHP) engines (Lantz, 2012; Nazari et al., 2021) while the
anaerobic digestate which is rich in nitrogen and phosphorous may be
further processed into biofertilisers (Drosg et al., 2015; Monfet et al.,
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requirements of further biochar conversion (Gopinath et al., 2021; Li
et al., 2020) and torrefaction (Doddapaneni et al., 2018; Isemin et al.,
2019; Lin et al., 2022) of the solid phase. To achieve sufficient dew-
atering, flocculation is commonly used prior to mechanical separation
(Hyrycz et al., 2022). In practice, wastewater treatment plant operators
typically use visual analysis and turbidity measurements to assess the
flocculation process. Joannis et al. in 2008, systematically studied the
reproducibility and uncertainty of wastewater turbidity measurements,
and demonstrated aspects ranging from operator variability, wavelength
and measurement principle as sources of significant uncertainties.
Because of this, more robust and reliable techniques such as
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zeta-potential analysis, are commonly used to complement turbidity
analysis (Morfesis et al., 2009). These techniques however can be
compromised in samples which contain high particle concentrations and
density differences, requiring sample dilution. In cases where the focus
is on solid waste handling and to quantify the efficiency of such pro-
cesses, it is important to also assess the solids settling and solids layer
properties (Asensi et al., 2019; Babak et al., 2021). Parameters such as
turbidity, porosity, settling time and initial settling velocity, are
important when optimizing flocculation and mechanical separation
steps since they provide information about homogeneity, watery layer
clarification, relative amount of solids as feed for selected dewatering
equipment and how fast flocs are separating from the watery layer.

To study the settling behavior of solids in suspensions a range of
techniques are commonly used such as physical separation (Skinner
et al., 2015; Subramanian et al., 2010), optical (Long and Dabros, 2005;
Orwin and Smart, 2005), acoustic (Dong et al., 2022; Thorne et al.,
2014) and electrical techniques (Lopez-Maldonado et al., 2014; Romero
et al., 2018), X-ray tomography (Hu et al., 2020) and nuclear magnetic
resonance (NMR) (Beyea et al., 2003; Duval et al., 2010). In this work we
study settling using low magnetic field (LF) NMR relying on bulk fluid
measurements, therefore circumventing optical issues such as sampling
window fouling. An advantage of NMR is that it allows the simultaneous
tracking of water fraction in both the settling layer and the bulk solids
layer (Mao et al., 2016; Rao et al., 2019; Zhang et al., 2023). LF NMR
relaxometry has previously been used to monitor the pore structure of
municipal sludge cakes after ultra high-pressure mechanical compaction
(Rao et al.,, 2019), and to assess the applicability and accuracy of LF
NMR for the measurement of wastewater water content (Zhang et al.,
2023). Here we monitor the flocculant aided settling of anaerobic
digestate samples at different flocculant concentrations using T9 relax-
ation and 1D magnetic resonance imaging (MRI) and compare the re-
sults with traditional turbidity monitoring (Acosta-Cabronero and Hall,
2009; Cabrera et al., 2009). The aim here is to demonstrate the capa-
bilities of the low-field MRI and NMR relaxometry monitoring to
quantitatively track the change in solids layer composition during
settling to evaluate the effectiveness of dewatering using a commercial
flocculant. To highlight the complementary benefits of turbidity and
NMR measurements, multivariate exploratory data analysis (MEDA)
was applied to quantify the correlation between measured parameters in
the study.

2. Materials and methods
2.1. Flocculant treatment and turbidity analysis

To investigate the dewatering process, anaerobic digestate was
collected from an anaerobic pond of a red meat processing plant in WA,
Australia. The samples were flocculated using an adapted version of the
ASTM D2035-19 procedure to find the optimal dosing by conducting jar
tests and measuring the top layer turbidity using a Thermo Scientific
Eutech TN-100 turbidimeter. 1 L of sample was added to a 1 L glass
beaker and mixed using a paddle mechanical stirrer at 300 rpm. A range
of 0 to 1.6% v/v (in increments of 0.2% v/v) of flocculant EM640CT by
SNF Australia, containing 0.41% wt of active component, was added and
mixed for one minute. At each flocculant concentration the mixing speed
was then reduced to 60 rpm for one minute to promote flocculation. 10
mL of the watery layer at each increment was sampled and inserted into
the Thermo Scientific Eutech TN-100 turbidimeter for turbidity mea-
surements. Subsequently, three samples at each of the nine flocculant
concentrations were prepared in 50 mL glass bottles to produce twenty-
seven samples to be analyzed using NMR.

2.2. Nuclear magnetic resonance experiments

2.2.1. 1D MRI
Samples in triplicate were measured using a standard 1D MRI pulse
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sequence (‘Profile Scanner’) from Oxford GeoSpec 12.7 MHz (Oxford
Instruments), one scan was performed every 10 s for 30 min to produce
180 1D signal profiles, using echo time (tg) of 8 ms, read gradient (Gyead)
of 0.13T/m with 512 acquisition points. Deionized water samples in
triplicate were used at the start and end of each set of measurements, as
a reference for water content calculations and to detect sample holder
location shifts. An in-house MATLAB (R2021a) code was used to
perform data analysis and to combine the 180 1D signal profiles to
produce signal maps (see Fig. 1). These signal maps were then used to
quantify settling time (tseriing) by tracking the solids/liquid interface
(Water content = 0.85 £ 0.01, indicated on Fig. 1 by the blue line)
across each map and quantifying the time (t) taken for this interface to
reach within 1 mm of the height at t = 30 min, with the subsequent
gradual sample height change due to solids compaction. The 1 mm
dimension is empirical, and allows better comparison with traditional
optically deduced settling time, as the roughness of the surface interface
made visual assessment of settling time difficult at finer length-scales.
The initial settling velocity (ISV) was calculated using the time (t)
taken to reach half the total height change.

2.2.2. T, relaxometry

T, CPMG experiments were performed at the conclusion of acquiring
the 30 min duration 1D MRI signal map for each sample. Four scans of
25,000 echoes were acquired with an echo time of 300 us. The acquired
signal was regularized to obtain T, relaxation time distributions as per
previously published work (Bristow et al., 2021; Nasharuddin et al.,
2021). To assess the signal contribution from different T signal peaks,
the resultant Ty distributions were then fit using a multi-peak Gaussian
curve fitting procedure as per S1 in supplementary material. This pro-
cedure allows for the mean T; and signal contribution from each peak to
be quantified. Fig. 2 shows an example of the fitting of a T distribution
and the resultant mean T5 and signal fraction for each peak (calculated
by area - see supplementary material). Peak numbering convention is
based on its location, starting at P1 for the longest Ty peak, with peak
number increasing with decreasing T, value as represented in Fig. 2.

2.3. Multivariate exploratory data analysis (MEDA)

All statistical analyses were performed using Statistica 7.0 software
(Statsoft., 2004) and Microsoft Excel software (Microsoft, 2021). Prin-
cipal component analysis was performed, considering correlations be-
tween the quantification of each variable obtained (Vicini et al., 2020).
The measurement parameters assessed using the MEDA were the (i)
solids height (visual and MRI), (ii) turbidity, (iii) settling time, (iv)
initial settling velocity, (v) mean Ty and (vi) signal fraction for each
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Fig. 1. NMR signal map with depth (cm) from the water-air interface plotted
against time (min) for a sample containing no flocculant. The signal map is the
combination of 180 1D image profiles acquired every 10 s. The scale bar shows
the measured water fraction.
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Fig. 2. (a) A T, distribution (open circles) and the multi-Gaussian fit to the data
(solid line). (b) The results of this fitting tabulated. The signal is normalised
such that > S(T3) = 1.

distribution peak.
3. Results and discussion
3.1. Turbidity

Fig. 3a shows the average turbidity (NTU) of the sampled watery
layer as function of flocculant dosing. A decrease in turbidity is observed
for flocculant dosing from 0 to 0.6% v/v, with the average turbidity
decreasing from 210 to 117 NTU. At 0.8% v/v there is a sharp drop in
turbidity to 56 NTU, with a significant reduction in standard deviation
from 47.4 NTU to 3.5 NTU. From this dosing onwards, there is a more
gradual decrease in turbidity reaching an average value of 13 NTU at
1.6% v/v. For reference the inset picture (see Fig. 3a) which shows
photographs of samples containing 0, 0.8 and 1.6% v/v of EM640CT,
indicating that the watery layer is clarifying with increasing flocculant
concentration, while simultaneously, there is an increase in flocculated
layer thickness (see Fig. 3b).

Polymeric flocculation can separate water from solids in a suspen-
sion by neutralization of particle surficial charges, adsorption via
attraction of opposite charges and polymer bridging (Hjorth and
Jorgensen, 2012). The flocculated solids then arrive homogeneous at the
subsequent mechanical separation step, reducing uncertainty in

Flocculant (% v/v)
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separation performance. The optimal flocculant dosing in the current
study is assessed as 0.8% v/v due to the ~73% reduction in turbidity
(NTU) and sharp reduction in standard deviation. After measuring
turbidity, the total and solids layer heights were measured and the
normalised solids height was obtained (see Fig. 3b), this shows that as
the turbidity decreases there is a corresponding increase in the solid
height level of 16% as floc formation causes a reduction in the watery
layer due to the formation of thicker layer of flocculated solids. In
addition to that, it is noticeable that the solids height profile does not
increase as much after the addition of 0.8% v/v of flocculant as before
this concentration. This is indicative of the smaller and lighter particles
in suspension settling, occupying less volume and filling vacant space,
keeping the solids height fairly constant with increasing flocculant
dosing. Although the turbidity measurement approach used on the
samples is both rapid and low cost, it is intrinsically dependent on light
scattering, as such it can provide very limited information about the
solids layer. By contrast NMR is capable of monitoring and quantifying
this opaque layer. This allows the water fraction across the depth of the
sample to be monitored during the settling process allowing the effect of
flocculant on each sample’s solids structure to be probed. To this end, 1D
MRI profiling and T; relaxometry measurements were performed
respectively during the flocculation/settling and at the conclusion of
settling process.

3.2. 1D MRI profiles

Fig. 4a shows a selected set of data for 0%, 0.8% and 1.6% v/v (the
full sets of 27 signal maps obtained can be found in S2 of the supple-
mentary material section). Fig. 4a (a-c) shows the settling profiles over
30 min for samples with no flocculant added. These show that there is
good clarification of solids from the top layer of the samples with sample
variability observed. Even after 30 min of settling there is still slow
compression settling occurring (Tchobanoglous et al., 2003). This
behavior is expected for non-flocculated samples due to its surface
charges preventing further solid aggregation, delaying these particles
reaching an equilibrium distribution. Fig. 4b shows representative
profiles at t = 0 (tp) and t = 30 min (tg) obtained from three signal maps
at respectively 0, 0.8 and 1.6% v/v flocculant dosing. These emphasize
the water fraction profile transitions (seen in Fig. 4a) along the depth of
the sample with increasing flocculant dosing, with the maximum dosing
(1.6% v/v) producing a higher water content (higher porosity) solids
layer with a near constant porosity across the depth of the solids layer.
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Fig. 3. (a) Measured turbidity (NTU) after 30 min of settling using a turbidity meter versus flocculant concentration (% v/v). Error bars show the standard deviation
of measurements performed in triplicate. Inset photograph shows the visual flocculation of 0, 0.8 and 1.6% v/v after 30 min of flocculation. (b) Normalised solid
layer height based on visual measurements using a digital caliper after 30 min of settling.

*dimensionless unit.
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Fig. 4. (a) Shows 1D MRI profiles using low-field NMR system plotted with time for three selected samples (0%, 0.8% and 1.6%wt flocculant). The color bar shows
equivalent water fraction (from 0.4 to 1) and the blue line tracks water fraction = 0.85+0.01. (b) shows water fraction vs. depth profiles at t = 0 min (ty) and t = 30
min (tg), these are shown here to show common profile trends with increasing flocculant addition from 0% to 1.6%. As well as to more clearly show the fluctuations in

water fraction observed along the depth of the sample.

By contrast the final profiles (tf) for the 0% and 0.8% v/v show a porosity
gradient with lowest water content at the bottom of the container.
Another interesting feature of the 1D MRI profiles is the gradient
observed in the water layer (0.8% v/v) at to where there is more clari-
fication towards the top of the watery layer than towards the bottom.
This is in contrast to the 0% v/v sample where the watery layer has a
near constant water content. For the same samples the watery layer at t¢
are observed to have similar average water content but very different
depths and profile shapes. The richness of the individual water fraction

profiles is highlighted in Fig. 4b, with features such as the water content
striations seen in Fig. 4a indicating solids stratification during settling.

Fig. 5 shows tseuling and initial settling velocity (ISV) where in
comparison to the non-flocculated sample, the 0.8% v/v and 1.6% v/v
samples show a significant reduction in tseing and increase in ISV,
however these samples have on average a much thinner watery layer. In
the case of 0.8% v/v of flocculant, the formation of dense flocs promotes
quicker separation quantified by a 65% reduction in tseing and an 81%
increase in initial settling velocity. When the dosing rises to 1.6% v/v,
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Fig. 5. Shows average settling time (min) and average initial settling velocity (mm/min) versus flocculant concentration (% v/v).
*(Initial Settling Velocity could not be accurately assessed due to rapid settling (<10 s) at the highest flocculant doses (1.4 and 1.6% v/v)).

the 1D MRI profiles show increasing variability across the triplicate
samples which has been previously observed due to flocculant over-
dosing (Hjorth and Jgrgensen, 2012). This is contrasted by turbidity
which shows the smallest standard deviation and lowest value of
turbidity (see Fig. 5). When assessed visually, the overdosed systems
with 1.4% and 1.6% v/v occur with initial flocculant settling faster than
10 s (see Fig. 4a(g) and 4a(i)). Due to this, the corresponding calculated
tsettling and initial settling velocity are labelled with an asterisk in Fig. 5.
A trend of decreasing settling time and increasing initial settling velocity
up to the last two flocculant concentrations is consistent with expecta-
tion that the flocculant induces more rapid settling.

Fig. 6 shows a comparison between the normalized solids height,
which was visually assessed, and the water/solids interface height from
the 1D MRI profile data. As expected, the results are similar, with the
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Fig. 6. Shows comparison between normalised solids height measured visually
and using 1D MRI profiles. A trend of the solid’s height increasing with the
addition of flocculant is captured by the MRI but is not as clear visually, which
can be explained by the intrinsic error of visually measuring a cloudy solid-
liquid interface. Inset figure shows the normalised solids height (NSH) for vi-
sual and MRI technique, confirming the deviation at the higher NSH, which
corresponds to the higher flocculant dosed samples.

largest deviation in results observed at the greatest solids layer heights
where the uncertainty in the measured water layer is the largest for the
visual technique due to the loosely flocculated solids layer and due to
the visual inspection occurring after the conclusion of the triplicate
sample measurements, and therefore affected by slow sample compac-
tion at t > 30 min. The error bars show the standard deviation for the
triplicate measurements.

3.3. T, relaxation measurements

The T, distribution of each sample is shown in Fig. 7a. As suspended
solids in the watery layer cause enhanced relaxation rates (Ry = T3 b,
the average of the smallest Ry (which corresponds to the greatest Ty,
peak P1 in Fig. 7a) was plotted against turbidity (see Fig. 7b). Both the
Ry and turbidity decrease with increasing flocculant concentration from
0 to 1.6% v/v with a Pearson correlation coefficient (PCC) of 0.93
(Edwards, 1976). As Tq relaxation of pure water is ~ 2 s the relaxation
rate (Rp) plateaus at ~ 0.5 s~ This plateauing is observed to occur for
the two highest flocculant concentrations. Fig. 7c¢ shows the total signal
fraction contribution of the two longest T, peaks (closed circles) and the
remaining shorter Ty peaks (open circles). This shows water swapping
local Ty relaxation environments with increasing flocculant addition
until 0.8% v/v after which there is minimal change. The signal per-
centage from the longest Ty peaks start at 89% for no flocculant and
decrease to 70% for the highest flocculant concentration (1.6%wt). This
effect is consistent with observed increase in solids layer height and
therefore porosity of, on average, 22% (see Fig. 6), with more and more
water occupying the shorter Ty peak populations (increasing from 11%
to 30%). This is indicative of more of the NMR signal originating from
water molecules interacting with solids, with the free water in the sys-
tem tending to be trapped within flocs caused by increasing polymer
concentration.

For flocculated sludge systems it is known that there are four
different water structures: Free, Interstitial, Vicinal and Hydration water
(Vesilind, 1994), see Fig. 8 for a schematic representation. Given that
lower T relaxation water populations should correspond with proximity
to solids, the order of the peaks from longest to shortest T3, on sample
containing 0% to 0.6% v/v for example, in Fig. 7a corresponds well with
these four water structures (Free, Interstitial, Vicinal and Hydration
water, from longer to shorter Ty peaks respectively). To validate this
interpretation for the current system sample drying (Salamat et al.,
2022) was performed which demonstrated that the first water popula-
tion removed was P1 corresponding with the free water, then the
interstitial water was removed, and the remaining shortest Ty NMR
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Fig. 8. Diagram shows four postulated water environments. Free water are water molecules away from other materials, Interstitial water are water molecules
trapped amongst the different flocs (inside or not), Vicinal water are multiple layers of water molecules at particle surface attracted by intermolecular forces (mainly
hydrogen bonding) and the additional water population is water molecules trapped around the extra dosed polymer in the sample. The hydration water, which has
the shortest T is not represented in the diagram. Source: Adapted from (Vesilind, 1994).
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signal was retained with water molecules associated with the solids (i.e.
vicinal and hydration water). An important observation from Fig. 7a is
that at flocculant concentrations > 0.6% v/v, an additional Ty peak with
mean Ty ~ 15 ms is observed to emerge and grow as more flocculant is
added (refer to S1). To represent the effect of polymer addition to the
system, the Fig. 8 diagram shows the potential effect of polymer creating
a ‘fifth’ NMR detectable water structure. It is postulated here that this
water structure in Fig. 7a emerges after the optimal dosing due to
flocculant/polymer trapping free water in the flocs and the rearrange-
ment of these flocs. This observation is broadly consistent with results in
Fig. 7c whereby this new signal peak emerges after the observed
reduction in NMR signal contribution from the two longest relaxation
populations by 19%. This interpretation is consistent with the flocculant
causing the formation of an additional looser/lighter (commonly called
“fluffy cake” by operators) structure (Bratby, 2016). The quantitative
measurement of this formation by monitoring for an additional T, peak
is a potentially useful measurement of flocculant overdosing whereby T,
relaxation measurements can be used to systematically monitor this
local structure formation. However, for samples containing high-loading
of para- or ferromagnetic species, signal correction techniques may need
to be adopted (Carroll et al., 2018), this requires further systematic
study beyond the scope of the current research.

To further explore the emergence of the new NMR detected water
structure a Multivariate Exploratory Data Analysis (MEDA) was per-
formed. The postulated water populations in Fig. 8 (Free, Interstitial,
Vicinal and “New Water Population”) are labelled Peak 1, 2, 3 and 4,
respectively in the MEDA analysis. The analysis resulted in fourteen
principal components, with the two with highest explanation (Factor 1
+ Factor 2 = 82%) used to generate the corresponding Cartesian plane
plots (see Fig. 9) (Bondu et al., 2020; Filho et al., 2007; Louzada et al.,
2022; Vicini et al., 2020). Fig. 9a highlights two main opposite groups:
tsettlings R2 of peak 1 and turbidity on the right-hand side and the two
measured solids height on the left-hand side, demonstrating a strong
inverse correlation between the groups (e.g. low turbidity in the system
corresponds to higher solids height). In Fig. 9b T, peak values for all four
peaks and peak 4 signal fraction (S.F.) are located on the left-hand side
implying the longer the T, values for all populations, the more relative
signal there is from peak 4 (new signal peak measured at flocculant
concentration > 0.6% v/v). There is also an inverse relationship with
Peak 1 and 2 signal fraction and no significant change of Peak 3 signal
fraction. The fact that peak 3 signal fraction does not vary significantly is
consistent with expectation if peak 3 corresponds to vicinal water (see
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Fig. 8) as there is no addition of solids to the system. The MEDA shows
that peak 4 is closely related to the solids layer height and T, values for
all peaks in the sample set, this corresponds with previous observations
concerning flocculant overdosing confirming a strong relationship be-
tween peak 4 and overdosing, and the effect this has on the T, relaxation
of the other signal populations in the sample. The MEDA analysis
therefore supports the potential usefulness of using the emergence of
peak 4 as an indicator for flocculant overdosing.

4. Conclusions

In this work turbidity, 1D MRI profiles and NMR T, relaxation
measurements were used to monitor the flocculation and settling pro-
cess of anaerobic digestate from a red meat processing plant. The
turbidity analysis showed clarification of the watery layer with the
addition of flocculant resulting in a final turbidity value of 13 NTU and
solids height up to 70% of total height. Gradual increases in solids height
were observed with increasing flocculant concentration both using 1D
MRI and visual assessment, whilst faster settling times and initial
settling velocity were observed. 1D MRI showed highest sample homo-
geneity (smallest standard deviation) at the optimal dosing of 0.8% v/v,
corresponding to an observed inflexion in turbidity readings when the
NTU value was ~27% of the initial NTU value. T, measurements
showed four initial peaks corresponding to four different water struc-
tures (free, interstitial, vicinal and hydration) consistent with floccu-
lated sludge systems (Vesilind, 1994), with a fifth NMR detected water
structure emerging after the system experiences flocculant overdosing
(>0.6% v/v). Multivariate Exploratory Data Analysis (MEDA) shows
that the growth of this new signal peak is strongly positively correlated
with Ty for all peaks and solids height, while strongly negatively
correlated with settling time and turbidity. Signal contributions of the
longest T peaks (Peak 1 & 2) were shown to negatively correlate with
peak 4, while peak 3 showed no correlation. This supports the assess-
ment that peak 3 is vicinal water which doesn’t change as the amount of
solids doesn’t change, rather the addition of flocculant causes water
initially occupying peak 1 and 2 (respectively the free and interstitial
water structures) to become part of a loose and growing flocculant water
structure. These results demonstrate that low field NMR relaxometry is
an efficient complementary analysis technique to turbidity measure-
ments by allowing the solids region to be probed, whilst also showing
that Ty relaxation may be used to monitor for signal peak emergence
associated with flocculant overdosing. Further studies aim to implement
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Fig. 9. Shows the Cartesian plane plots resulting from the MEDA analysis. The Euclidean distance between variables in the Cartesian plane allows for the assessment
of how strong, positively (near each other) or negatively (radial opposite position) variables are correlated.
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this low field T, relaxometry inline before mechanical dewatering sys-
tems, and to monitor the ability of the monitoring technique to optimize
flocculant dosing during continuous operations of high solids concen-
tration systems where optical techniques may provide insufficient in-
formation for accurate quantitative assessment of the flocculated state of
the system.
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