UNIVERSITYOF
BIRMINGHAM

iversit}/]ofBirmin am
esearch at Birmingham

Use of positron emission particle tracking to assess
mixing of a graphite-based lithium-ion anode slurry

in an Eirich mixer

Hare, S.D.; Werner, D.; Windows-Yule, C.R.K.; Wheldon, T.Z. Kokalova; Kendrick, E.;
Simmons, M.J.H.

DOI:
10.1016/j.cherd.2023.08.007

License:
Creative Commons: Attribution (CC BY)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):

Hare, SD, Werner, D, Windows-Yule, CRK, Wheldon, TZK, Kendrick, E & Simmons, MJH 2023, 'Use of positron
emission particle tracking to assess mixing of a graphite-based lithium-ion anode slurry in an Eirich mixer’,
Chemical Engineering Research and Design, vol. 197, pp. 509-518. https://doi.org/10.1016/j.cherd.2023.08.007

Link to publication on Research at Birmingham portal

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

*Users may freely distribute the URL that is used to identify this publication.

*Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

*User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
*Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy o ) o o ) ) )
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 23. Mar. 2025


https://doi.org/10.1016/j.cherd.2023.08.007
https://doi.org/10.1016/j.cherd.2023.08.007
https://research.birmingham.ac.uk/en/publications/1f3241dc-5b81-4550-85a5-b59de8a1e25d

Chemical Engineering Research and Design 197 (2023) 509-518

Available online at www.sciencedirect.com

Chemical Engineering Research and Design |ChemE

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

Check for
updates

Use of positron emission particle tracking to
assess mixing of a graphite-based lithium-ion
anode slurry in an Eirich mixer

S.D. Hare®*, D. Werner”, C.R.K. Windows-Yule“,
T.Z. Kokalova Wheldon”, E. Kendrick®, M.J.H. Simmons*
@ School of Chemical Engineering, University of Birmingham, Edgbaston, Birmingham, B15 2TT, UK

®School of Physics and Astronomy, University of Birmingham, Edgbaston, Birmingham, B15 2TT, UK
€ School of Metallurgy and Materials, University of Birmingham, Edgbaston, Birmingham, B15 2TT, UK

article info abstract

Article history: The mixing of electrode slurries is a key processing step during the manufacturing of
Received 2 May 2023 lithium-ion batteries, and poor mixing can have a profound effect on final cell electro-
Received in revised form 3 August chemical performance. This is complicated by the evolving non-Newtonian rheology of
2023 these slurries. In this study, Positron Emission Particle Tracking (PEPT) is used to de-
Accepted 4 August 2023 termine the fluid dynamics and dispersion of a model graphite-based anode slurry in an
Available online 9 August 2023 Eirich EL1 mixer, equipped with a rotating pan, wall scraper and internal rotor. The main

processes studied are the wetting of graphite particles and breakup of large graphite ag-
glomerates. For experiments performed at different internal rotor tip speeds, with fixed
outer pan speed, the dispersion dynamics change with the lowest rotor speed (2 m/s)
leaving a large channel of poor mixing between the rotor region and the rotating pan,
whilst the mixing within the vessel is mainly driven by the rotating pan. At higher mixing
speeds (6 and 10 m/s) more of the vessel volume is active and there is no longer a poor
mixing region observed, with 10 m/s tip speed producing the highest intensity of dis-
persion. An increasing mixer effectiveness (average dispersion across the mixing vessel)
as well as an increasing dispersion co-efficient (rate of mixing) is also observed, which will
be use to inform scale-up criteria.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of Institution of Chemical
Engineers. This is an open access article under the CC BY license (http://creative-

commons.org/licenses/by/4.0/).

troubleshooting. There is significant scope and industry in-
terest to develop physical and chemical models from better
understanding of each processing step (Grant et al., 2022). In
particular the formulation and mixing of the electrode ma-
terials to form a slurry in the early part of the process is
critical, before they are coated onto a metal substrate to form
a battery component (Reynolds et al., 2021).

The mixing of anode slurries is complicated by the initial
wetting of the hydrophobic graphite powder, typically 95 wt
% of the solids within the slurry (Lee et al., 2005). This tends
to be more of an issue with non-contact planetary mixers
whereas the dual-asymmetric mixer has a wall-scraper to
assist in the breakup of the dry powder. The next step in-

* Corresponding author. volves homogeneous dispersion of carbon black conductive
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1. Introduction

Lithium-ion battery manufacturing is a complex, multistage
process, carried out across a wide variety of length and time
scales (Kwade et al., 2018). Traditionally, the impact of each
processing step is often only considered in terms of its suf-
ficiency for the subsequent step, with the final performance
of the cell only given scrutiny once manufactured (Bockholt
et al.,, 2016). Thus, issues with upstream processing are dif-
ficult to diagnose and require significant amounts of time for
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Fig. 1 - Flow curve and amplitude sweep of anode slurry mixed with the Eirich mixer at 10 m/s for 20 min.

additive throughout the slurry, which requires good levels of
both dispersive and distributive mixing (Paul and Atiemo-
Obeng, 2004) as the nanoparticulate carbon agglomerates
easily. One way of overcoming this issue is to ensure a suf-
ficient mixing time (Grief2] et al., 2021), as well as minimising
any dry powder premixing (Bauer et al., 2015). Otherwise, the
carbon black coats the graphite, leaving less free to form
conductive chains throughout the slurry once coated onto
the electrode substrate (Wang et al., 2020).

The rheology is a critical property for the final slurry as it
affects its coatability onto the electrode substrate. The slurry
needs to possess the correct consistency to be able to flow
through the coater and then maintain its shape once coated.
The rheology is a strong function of the slurry micro-
structure, (Reynolds et al., 2022; Sung et al., 2020; Hawley,
2019) which is governed by both the formulation and the
mixing protocol. Poorly mixed inks tend to have a higher
consistency and grainy appearance due to agglomerates not
being fully broken down, and particles being poorly covered
with polymer binder.

Characterisation of the slurry mixing is therefore a key
step. The complex non-Newtonian rheology of battery slur-
ries prohibits the establishment of transparent mimic fluids
suitable for measurements of mixing using optical methods.
This coupled with the complex, opaque mixer designs (see
Fig. 3) introduces another layer of challenge in directly
measuring mixing of industrially relevant formulations in
industrially relevant mixers.

However, Positron Emission Particle Tracking (PEPT) pro-
vides the ability to track a radioactive particle in opaque
systems and mixers using the actual slurries (Barigou, 2004),
and correlates accurately with other optical tracking tech-
niques such as Particle Image Velocimetry (PIV) (Pianko-
Oprych et al., 2009). PEPT is a non-invasive tracking tech-
nique used to track complex flows in opaque systems and
equipment, with some applications including coffee roasters
(Al-Shemmeri et al., 2021), fluidised beds (Windows-Yule
et al., 2020b), static mixers (Marjan Rafiee et al., 2013), and
stirred tanks (Katie Cole, 2022; Guida et al., 2010).

In this work, PEPT is used to determine the fluid dynamics
and dispersion for a model graphite-based anode slurry in a
nominal 1 L capacity Eirich EL1 mixer, as CMC and graphite
predominantly dictate the rheology of anode slurries
(Reynolds et al., 2022). Understanding the flow behaviour in a
mixing vessel is key to predicting the success (or lack thereof)

of the key processing steps of both wetting the graphite with
CMC, and also breaking down the graphite agglomerates.
Mixing speeds of 2, 6 and 10 m/s rotor tip speed were selected
due to their use in mixing different components in battery
electrode slurries. 2 m/s is a low speed for the Eirich mixer,
making it suitable for the incorporation of a common sec-
ondary binder, styrene butadiene rubber (SBR), as it can be
deformed or broken-up by high shear. SBR is added to water
based anodes in conjunction with carboxymethyl cellulose
(CMC) (Buga et al., 2006) to enhance coating flexibility which
minimises cracking/flaking of the electrode coating from the
current collector. 10 m/s is a speed more suitable for the
wetting of graphite with CMC/water, and 6 m/s was chosen
as intermediate speed.

2. Materials and methods
2.1. Slurry composition

A 1.5 wt% CMC (Ashland BVHS) solution in water was pre-
dispersed using a Turbula T 2 F mixer for 16 h. This solution
was then mixed together with graphite (Targray BFC-QC) in
the Eirich mixer to produce slurries of 50 % w/w graphite,
with a fully mixed slurry having a Reynolds number of be-
tween 0.8 and 3.8 depending on the Eirich’s rotor tip speed.

The final slurry rheology is highly dependent on the mi-
crostructure within the slurry, with properly mixed slurries
being shear-thinning visco-elastic fluids with a low-shear
plateau, and poorly-mixed slurries being shear-thinning
weak colloidal gels that do not always have an apparent low-
shear plateau. An in-depth study of the rheology and mi-
crostructure of slurries using the same composition can be
found here (Reynolds et al., 2022).

Fig. 1 shows the shear-thinning behaviour of a well mixed
anode slurry, with the viscosity at low shear-rates being
around 130 Pa s and at 10 s™* being around 10 Pa s. The visco-
elastic behaviour is predominantly fluid-like due to the vis-
cous modulus G" being greater than the elastic modulus G at
all strains.

2.2.  Mixer geometry
An Eirich EL1 mixer (nominal capacity 0.3-1L) equipped with

a pin-type rotor was used, at rotor tip speeds of 2, 6 and 10 m/
s (500-2400 rpm), which were set to co-rotate with the mixing
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Fig. 2 - Side on to-scale schematic of Eirich EL1 mixer, and top down estimated schematic of the Eirich mixer, showing offset
nature of the rotor. Gap between scraper and wall 3.5 mm, impeller clearance from base 15 mm. Blue horizontal line

indicates approximate slurry height.

Fig. 3 - Eirich mixer in the ADAC Forte camera and a picture
of the open Eirich mixer.

pan rotation set constant at 0.5m/s (58 rpm), a diagram and
picture of the mixer are shown in Figs. 2 and 3 respectively,
with Fig. 3 showing the rotor raised out of the mixing pan.
The pin-type rotor consists of a flat plate in the shape of a 6
pointed star with rounded tips, with 6 upwards facing pins
and 2 shorter downwards facing pins. The downwards facing
pins being on opposite sides of the rotor. The vessel was
filled with 350 g of fluid to a height of 15 mm, to which 350 g
of graphite was added, resulting in approximately 0.5L of
slurry. The approximate slurry height is indicated with the
blue line in Fig. 2. Whilst this is not full capacity of the mixer,
it is within the nominal volume for operation given by the
manufacturer. Furthermore, in feasibility and scale-up ex-
periments, not running at full volume is advantageous to
minimise material wastage. The fill height is low when
compared to a stirred tank due to the dimensions of the
mixing pan needing to accommodate the option to angle the
pan (more commonly done when used for granulation). Due
to the complexity of the enclosed mixer design, it was not
possible to measure the power input into the fluid using a
torque meter.

The pan rotation speed was kept constant which allowed
only the impact of the rotor speed to be studied, as well as
keep a constant Froude number of 0.39 for the system. This is
due to the low fill height of the vessel, and the centrifugal

force within the vessel arising from the pan rotation, making
the pan diameter the characteristic length-scale.

2.3. PEPT measurements

For the PEPT measurements, the Eirich mixer was placed
between the two detectors of a modified ADAC Forte camera,
so that the mixing pan was in the centre of the detectors,
with the detectors then moved as close as possible to give
maximum data rate and minimise scatter. More information
on the ADAC camera can be found here (Parker et al., 2002). A
neutrally buoyant ion-exchange resin bead of approximately
300 ym was used to measure the flow during mixing. The
resin was labelled with the p*-emitting radioisotope Fluorine-
18, through immersion in a solution containing free *®F ions.
Full details of this process, known as indirect activation, can be
found in references (Windows-Yule et al., 2022; Parker, 2008).

The tracer was located using the PEPT-ML algorithm
(Nicusan and Windows-Yule, 2020), where the tracer location
is computed from the gamma ray line of responses (LoRs)
and then clustered to improve precision, trajectories were
then calculated, as well as tracer velocity. PEPT-ML was de-
termined to be the best choice for the present experiment as
from a recent benchmarking study (Windows-Yule, 2022) it
has been shown to possess the best combined spatial and
temporal resolution of currently-available algorithms,
making it well suited for the system of interest.

The dispersive mixing rate was calculated as described by
(Windows-Yule et al., 2020a; Werner et al., 2023), in which
tracer locations with a similar “start point” are grouped to-
gether and their spread measured after a given time-step. An
example of low and high dispersion is shown in Fig. 4. The
mixer effectiveness (ME) as described by Martin et al. is then
quantified by averaging all the dispersion values across the
mixer for that time-step (Martin, 2007).

1 %

ME = — 3 ony
Now=t (1)

where N, is the number of passes through all N, cells, o is the
cell dispersion value, and n, the number of passes in each cell k.
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Fig. 4 - Diagrams of high and low dispersion.
3. Results and discussion
3.1 Tracer occupancy and velocity

Tracer trajectories are used to build up an occupancy profile
across the vessel, by subdividing the vessel into regions of
interest, and then counting the tracer trajectories within that
region of interest. This then builds a Eulerian grid of the
vessel showing which location of the vessel the tracer has
occupied, and to what degree. A deeper explanation can be
found here (Windows-Yule, 2020).

For all mixing speeds, the tracer occupies the vast ma-
jority of the vessel occupied by the fluid, albeit with a lower
occupancy in the immediate vicinity of the rotor head (as
seen in Fig. 5a). There is a region of increased occupancy
around the wall scraper as the flow is disrupted, with an
inner ring present at 2m/s tip speed, again seen in Fig. 5a.

The low occupancy region around the rotor head (Fig. 5a)
corresponds to the highest region of tracer velocity, as shown
in Fig. 5b. Fig. 5b also shows that the narrow region between
the rotor head and the wall (top right of image) is the second
highest region for velocity, as is to be expected due to the
shorter distance between the rotor and spinning pan wall.
After the flow is disrupted by the wall scraper, the tracer
velocity drops significantly, before gradually picking up
speed again as it circulates around the mixing vessel. There
is also no difference in tracer velocity between the inner
occupied area and the outer ring in which the tracer some-
times becomes trapped. Having a tracer be able to move
freely throughout the whole vessel is important for opera-
tion, as it shows no dead-zones within the mixer.

3.2 Mixer effectiveness

Considering a mixer holistically is important when choosing
mixer type and parameters for a manufacturing process;
mixer effectiveness (ME) gives an insight into the overall
dispersion and hence level of mixing achieved by a mixer for
a given material, and as such is an excellent starting point.
Values of ME were calculated as the average dispersion
across the vessel for each dispersion time-step from ap-
proximately 45 min of data at each value of rotor tip speed.
45 min of data was used to build up a sufficient body of tracer
locations to ensure ergodicity of the tracer particle and to
minimise the impact of any short periods when the tracer
became stuck to a surface in the mixer. Fig. 6 shows the
mixer effectiveness (ME) for 3 different tip speeds; the pla-
teau value for ME depends on the volume occupied by the
tracer during mixing and is limited by the physical dimen-
sions of the vessel. The variation in values between rotor

speeds is due to the material being centrifuged further up the
sides of the vessel as the rotor speed increases, as well as the
void around the rotor head increasing with rotor speed. At
very short time-steps all rotor speeds have a similar ME but
between 1s and 2s, the 10m/s speed has the highest ME
value. Both 2m/s and 6 /s speeds have a similar ME value
initially. It is clear in Fig. 6 that as rotor tip speed increases
more dispersion and mixing is happening.

Whilst more mixing is a key finding, it is also important to
assess how quickly the mixing is occurring within the vessel,
this is possible by calculating the gradient of the initial linear
regime of ME, the dispersion co-efficient.The linear region is
where dispersion (and thus ME) is not affected by vessel size/
walls and was estimated to be the first 12 points, which were
used to calculate the dispersion co-efficients in Table 1.
Dispersion co-efficient increases with rotor speed, meaning
that not only is more mixing occurring, but it is also hap-
pening faster.

3.3.  Active mixing volume

Whilst the overall value of ME is a useful metric, it is a
complex function of the fluid dynamics/mixing intensity and
the active mixing volume. The degree of dispersion and fluid
dynamics were thus assessed locally to help devise criteria
for optimal operation.

Fig. 7 shows heat-maps of dispersion values for the 2m/s
rotor speed at 1s and 5s time-steps. At the 1s time-step (7a),
there are two discrete regions of activity within the mixer.
The first, around the rotor head, is relatively uniform, but
with a region of slightly higher dispersion in the narrower
section where the rotor is closer to the pan wall, due to a
higher tracer velocity in this region (thus allowing it to travel
further in a fixed time-step). The second region of mixing is
at the pan wall, with a particular “hot-spot” around the fixed
wall scraper, this is due to the significant disruption of fluid
flow caused by the scraper. Whilst the 5s heat-map (7b) is
past the linear regime used to define the dispersion co-effi-
cient, and is when the movement of the tracer has begun to
be affected by vessel wall, it is still useful in visualising the
how the tracer can become trapped in the outer ring of the
vessel, and when the tracer eventually manages to escape
this region and move into the centre of the vessel (resulting
in the inner ring of high dispersion).

As the dispersion time-step is lengthened it is possible to
observe these two regions grow and eventually meet one
another, shown by the inner ring of apparent high dispersion
in Fig. 7b. For some periods during mixing, the tracer can
become trapped within the outer ring zone for a short period
of time, which is much more prevalent at lower mixing
speeds. The outer region in which the tracer can become
trapped varies in size depending on rotor speed. It is largest
at 2m/s tip speed as seen in Fig. 7b (and is also reflected in
the tracer occupancy shown in Fig. 5a), as the rotor speed
increases it decreases in size. This is due to the competing
phenomena of the fluid being pushed out by the rotor and
fluid being pushed inwards by the rotating pan wall.

The dispersion within the vessel is a function of both the
central rotor and the rotating pan (and wall scraper), possibly
leading to areas of lower dispersion within the mixer that are
not necessarily captured by the overall value of ME. However,
the distribution of dispersion values for each dispersion
time-step and mixer speed can be plotted to show how the
different regions of the mixer behave, which when combined
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Fig. 5 - Top down depth-averaged tracer occupancy (a) and depth-averaged tracer velocity (b) for the initial 15 mins of
mixing at 2m/s tip speed. Wall-scraper is at the bottom right of each image.

Fig. 6 — Mixer effectiveness values with a fit of dispersion
co-efficient for the Eirich mixer at different rotor speeds.

Table 1 - Dispersion co-efficient values for the Eirich

mixer at 2, 6 and 10 m/s tip speed.

Mixer Tip Speed (m/s) Dispersion Co-efficient (m?%/s)

2 6.61x107%*
6 8.30x107%*
10 1.00x107%

give the ME value. Fig. 8 shows how the distribution of dis-
persion values for a 2 s time-step vary between a rotor speed
of 2, 6 and 10m/s, the number of zones in the dispersion
calculation are kept the same for each mixing speed.

For the 2m/s rotor speed, there is a significantly more
very low dispersion regions in the vessel when compared to
the 6 and 10 m/s data. As seen in Fig. 7a, for a 2 s dispersion
time-step, the majority of mixing is occurring at the pan
edge. This could explain the large peak in Fig. 8 for the 2m/s
data at around 0.0018 m? dispersion. 6 and 10m/s have
broadly the same shape, with both having less very low
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Fig. 7 - Depth-averaged heatmaps of dispersion values for different dispersion time-steps, 1s (a) and 5s (b) for the Eirich
mixer at 2 m/s rotor tip speed. Dead zone in both images is the location of the rotor head. Wall-scraper is at the top left of
each image.
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Fig. 8 - Histograms of dispersion data at a 2 s time-step for 2, 6, and 10 m/s tip speed.

dispersion regions than 2m/s, and neither having a sharp
peak in dispersion. They both show a good general level of
mixing activity, with 10 m/s being slightly shifted to higher
dispersion values.

3.4. Low speed mixing

Showing the dispersion within the vessel in three dimen-
sions makes this difference between the 2 m/s mixing and
the high speed mixing more apparent. Fig. 9a shows that
the edge of the moving mixing pan is where most disper-
sion is occurring at 2m/s tip speed, and that there is far
lower mixing occurring around the rotor. This shows that
at this mixing speed, the mixing in the vessel is mainly due
to the rotating mixing pan, and not due to the rotor head.
There is also a channel region between these two mixing
areas where there is no apparent dispersion occurring, this
is most likely due to the low power input from the rotor

being dissipated by the extremely viscous slurry during
mixing (Reynolds et al., 2022). This is also exacerbated by
the fact that un-wetted graphite is hydrophobic, so forms
large agglomerates and localised network structures,
meaning it is highly likely that the viscosity of a partially
mixed slurry will be higher than one that has been fully
mixed, making 2 m/s an unsuitable speed for the mixing of
the graphite in CMC.

However, as stated in the introduction, SBR must be
mixed at low speed, but still needs to be distributed homo-
geneously throughout the slurry to enhance coating flex-
ibility and adhesion to the current collector. Whilst the ME
and dispersion co-efficient are lower for 2m/s it may be
possible to ensure homogeneous mixing of the SBR by en-
suring a longer mixing time. However, this may be compli-
cated by the limited amount of overall mixing at 2m/s, as
well as the extremely localised mixing at the pan edge and
wall scraper. This is performed as a separate mixing step to
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Fig. 9 - 3D and 2D depth-averaged plots of dispersion values (2 s time-step) for tip speeds of 2 (a), 6 (b) and 10 m/s (c). Wall-
scraper is at the top left of each 2D image.
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the graphite wetting so does avoid the issues with partially
mixed slurries mentioned above.

One way of assessing this in the future would be using
Positron Emission Projection Imaging (PEPI), where a small
volume of radioactive tracer fluid and measuring the con-
centration gradient as the fluid is incorporated into the slurry
(Simmons et al., 2009), and would give an excellent indica-
tion of the incorporation dynamics of adding SBR. Whilst this
experiment would give good insight into the distribution of
SBR throughout the slurry, it would be of little value in de-
termining the overall system dynamics, as done in this work.
This is because it would only provide a short snapshot of
data until the initially localised area of high response would
dissipate to a homogeneous background level as the fluid
was distributed throughout the slurry.

3.5. Intermediate and high speed mixing

At 6 m/s tip speed, there is a sharp reduction in the number
of lowest value areas of dispersion in Fig. 8 and no peak
dispersion value similar to that seen at 2m/s. There is a
general shift to higher dispersion values, suggesting more of
the vessel is active in terms of mixing. This is seen clearly in
Fig. 9b where there is no channel of little to no mixing oc-
curring in the 6m/s 3D plot. It shows much more mixing
occurring in the central area of the mixer, suggesting the
power input from the rotor is sufficient to generate mixing
from both the rotor tip and as well as that from the ro-
tating pan.

For 10m/s (Fig. 9c) the same general shape as 6m/s is
seen, but with again another shift to higher dispersion va-
lues. Figs. 8 and 9c show how the vast majority of the vessel
behaves similarly to the speed of 6 m/s, but now there is a
greater intensity of mixing happening in the central area.
This suggests that both 6 and 10m/s are suitable for the
mixing of graphite in CMC for anode slurries, and that effi-
ciencies may be found in process optimisation to achieve
sufficient mixing for the minimum power input.

4, Conclusions

PEPT has been used to characterise the mixing and disper-
sion rate of a model Li-ion anode slurry in an Eirich EL1
mixer. Two main regions of mixing were identified, one
surrounding the internal rotor head and one at the wall edge
and scraper. Mixer effectiveness was calculated for three
different mixing speeds, and the dispersion co-efficient was
then calculated from the ME values. Both ME and dispersion
co-efficient are found to increase with rotor tip speed.

At 2m/s tip speed, the mixing within the vessel is pre-
dominantly driven by the rotating pan, resulting in large
regions of the vessel having little to no dispersion occurring
within them, this is observed both in histograms of disper-
sion values as well as 3D plots of the vessel. At 6 and 10 m/s
more of the vessel is active and mixing is driven by both the
rotor movement as well as the rotating pan, resulting in a
greater degree of mixing at both of these speeds, with 10 m/s
being more intense.

When considering the aims of breaking down graphite
agglomerates and sufficiently wetting the graphite to in-
corporate it into the slurry, 2m/s does not appear suitable,
due to the regions of little to no dispersion. These regions are
likely to become larger as the mixer size is scaled up, so are a
key feature of the flow behaviour to be considered for scale-

up criteria. As these regions appear to be due to the differ-
ence in tip-speed and pan rotation speed, it is of interest to
better understand how they interact at different pan speeds
and scales.

Whilst low tip speeds clearly lead to sub-optimal mixing
throughout the vessel, SBR, a secondary polymer binder in
water-based anode slurries cannot be mixed at high shear, so
extended mixing is most likely required to fully disperse this
throughout a mixed slurry. Both 6 and 10 m/s appear suitable
for the mixing of graphite and CMC for anode slurries, with
there being clear mileage in process optimisation to find the
best balance in terms of power input and mixing outcome,
which becomes ever more important at the large-scale end of
the Eirich mixer design.
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