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ABSTRACT

We uncover the occurrence of shear banding in dense suspensions of compressible microgels. Velocimetry measurements evidence the
presence of permanent but unsteady shear-banding for sufficiently small Peclet numbers, with the formation of a central plug-like flow.
Small-angle neutron scattering experiments under shear link the observed banding phenomenon to structural variations along the velocity
gradient, providing a connection between the arrested band and the increase in structural correlations associated with changes in the local
packing fraction. This provides unique evidence of a shear-concentration coupling mechanism in jammed suspensions of compressible

particles.

© 2024 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution-NonCommercial 4.0
International (CC BY-NC) license (https://creativecommons.org/licenses/by-nc/4.0/). https://doi.org/10.1063/5.0237526

I. INTRODUCTION

Shear banding, i.e., the formation of bands with different local
values of the shear rate 7, is a phenomenon that has been reported for
a variety of complex fluids, including polymer solutions and melts,
emulsions, foams, colloidal, and granular suspensions."” Soft glassy
materials (SGMs)~ are amorphous solids formed by dense assemblies
of colloidal particles. SGMs flow under shear when a stress larger than
a threshold value, called yield stress,” is applied to them. Shear banding
in SGMs can be a transient phenomenon followed by homogeneous
flow” that could originate from structural differences between the
transient band and the rest of the sample.”

Band formation under flow is also observed in steady state, but a
clear understanding of the physical laws that govern this phenomenon
is still elusive. Mechanisms invoked to explain the band formation are

(i) competition between shear rejuvenation and aging induced by
aggregation or thermally activated processes,” ' (ii) the coexistence
between a static and dynamic yield stress,’”'” and (iii) a coupling
between fluctuations in the local concentration and 7, in which spatial
variations of the local shear rate induce a mass flux and thus a change
in the local concentration and local yield stress value, resulting in shear
localization through a feedback mechanism.'“"” Local variations of the
concentration have been also linked to vorticity banding observed in
surfactant solutions forming lamellar phases.'® Although the latter
mechanism has often been used to explain shear-banding in glasses of
incompressible colloids,'™'”'® its experimental observation remains
challenging due to the subtle variations in local packing fraction
involved for hard sphere-like suspensions. The compressibility of an
individual colloid, like a rnicrogel,w could enhance these fluctuations,
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allowing them to be observed experimentally. Dense microgel suspen-
sions constitute an important class of SGMs in which the rheological
properties are linked to the particle softness and its evolution as a func-
tion of packing.”” ** While the presence of transient shear banding in
microgel suspensions has been demonstrated for carbopol microgels,”
and interpreted in terms of fluidity models of simple yield stress flu-
ids,”’ steady-state banding remained elusive. Only partial, uncon-
firmed indications have been presented for transient shear banding in
poly-N-isopropylacrylamide (PNIPAM) microgel suspensions.”*

Here, we report experimental velocimetry measurements for
overcrowded suspensions of PNIPAM-based microgels that evidence
the presence of permanent but unsteady shear banding, observed at
sufficiently low shear rates and characterized by profile fluctuations.
The structural variations along the velocity gradient are directly mea-
sured by combining shear and small-angle neutron scattering (SANS)
in the flow direction using a custom-designed flow cell.”” Our data
show that band formation is associated with changes in the local pack-
ing fraction, i.e., to shear-concentration coupling. In this concentra-
tion regime interpenetration,” deswelling”’ and deformation”® lead to
microgel hardening,”””” indicating that the degree of particle softness
plays an important role in both the band formation and in the extent
of the structural variations. The sample consists of a microgel suspen-
sion with an effective volume fraction ¢4 ~ 1.3, deep in the jammed
state.”””” Additional details on the microgels and suspension prepara-
tion can be found in Sec. II. All measurements were performed at a
constant temperature T =20°C.

Il. METHODS
A. Sample preparation

Microgels composed of poly(N-isopropylacrylamide) (PNIPAM)
and poly(ethylene glycol) methyl ether methacrylate (PEGMA) in a
weight fraction equal to 30% PEGMA and 70% PNIPAM were synthe-
sized as in Refs. 29-31 using ethylene glycol dimethacrylate (EGDMA)
as crosslinker (1% mole fraction). The microgels were dispersed in
H,O (velocimetry experiments) or D,O (Rheo-SANS experiments) at
a concentration ¢ = 18.6 = 0.1% w/w. Particles have an average radius
equal to 140+10 nm and a size polydispersity of 25+2%, as deter-
mined from SANS measurements of a dilute suspension.’ Figure S1
in the supplementary material shows that between 20°C and 25°C,
within errors, the size of the particles is the same in H,O and D,0.

B. Rheology

The measurements were performed on a DHR3 stress-controlled
rheometer (TA Instruments) using a smooth cone-plate geometry
(cone diameter 40 mm, cone angle 2°) for the dynamic frequency
sweep, and a 20-mm diameter smooth plate-plate geometry (500 um
gap) for the flow curve and stress growth experiments at different
applied shear rates. A shear rate gradient such as that present in the
plate—plate geometry is a necessary condition for investigating the
shear-concentration coupling mechanism. At the same time, one
should take into account that it might have an interplay with the
intrinsic banding behavior of the sample. To avoid evaporation, a sol-
vent trap that isolates the sample from the surroundings was used. It
consists of an enclosure with a solvent seal at the top and a permanent
seal at the bottom, which creates a saturated atmosphere. A rejuvena-
tion protocol was implemented before each measurement to minimize
the effects of sample loading and aging. It consists of the following
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steps: first, oscillatory shear in the form of a dynamic time sweep with
a large strain amplitude (y, = 700%) was applied for 180s. The sample
showed a liquid-like behavior at the end of this test. Subsequently, the
sample was subjected again to oscillatory shear in the form of a
dynamic time sweep with a low strain amplitude (y, = 0.05%) until a
steady state in the viscoelastic moduli was reached. We found that
180 s were sufficient to reach the steady state. In both tests, the fre-
quency used was o = 10rad/s. No clear indications of wall slip were
observed, as tested from the dependence of the rheological response on
the gap used for the plate-plate geometry.

C. Heterodyne DLS measurements of velocity profiles

Heterodyne dynamic light scattering measurements of velocity pro-
files were performed with a custom made shear cell with a glass concen-
tric cylinder geometry, with the inner and outer cylinders having
diameters of 43 and 45mm, respectively, and the gap being equal to
1 mm. The internal cylinder is rotated to induce flow. The measurements
were performed at one central position along the axis of the cell.
Temperature of the cell was controlled through immersion in a thermo-
static bath containing an optical matching fluid, providing an accuracy of
0.1°C. Additional details on the heterodyne light scattering setup can be
found in Ref. 33. Velocity profiles made of 30 points spanning the 1 mm
gap from the rotor to the stator where obtained by performing for each
point, ie., at each position across the gap, a light scattering measurement
of duration equal to 10's to obtain a correlation function. A whole velocity
profile spanning the entire gap was obtained in ~5 min.

D. SANS measurements under shear using the 1,2-
shear cell

SANS experiments in the flow-gradient plane were performed
using the 1,2-shear cell on the D22 SANS beamline of ILL. Experiments
at different shear rates, and at T = 20 °C, were performed in a short gap
Couette cell with a 5-mm path length, with moving inner cylinder of
radius R1=250mm and stationary outer cylinder of radius
R2 = 26.0 mm as previously described.”” No stress measurement can be
performed with this shear-cell. Temperature was controlled through a
thermostated bath. The flow-SANS experiments were performed at a
detector and collimation distance of 17.6 m, with an 8.0-m rectangular
collimation (40 x 55 mmz), A = 6 A neutron wavelength, and a wave-
length spread of AA/A = 10%. To spatially resolve different positions
along the gap, a stepper motor was used to translate the cell perpendicu-
lar to the neutron beam path defined with a 0.1-mm wide curved slit x
3-mm height across the 1.0 mm gap (z,). Five gap positions (z/z,= 0.00,
0.25, 0.5, 0.75, 1.00) were measured. Measurements at each position
were run for a minimum of 45 min (60 min in some cases). All experi-
ments covered a Q-range of 0.0022-0.028 A~'. Sample transmission
measurements were taken at each gap position. The sample was allowed
to equilibrate after loading. Measurements at the slowest shear rate were
repeated to ensure reproducibility. Data were analyzed and reduced
using the ILL GRASP software.

E. Model of the scattering intensity in the quiescent
state

The scattering intensity I(q) was modeled using the following
expression:

Phys. Fluids 36, 113116 (2024); doi: 10.1063/5.0237526
© Author(s) 2024

36, 113116-2

L¥:10:L L G20z Aenuer ¢


https://doi.org/10.60893/figshare.pof.c.7503786
pubs.aip.org/aip/phf

Physics of Fluids

Q) = ¢V, Ap*P(Q)S(Q), 1)

where ¢ is the microgel packing fraction, V), is the microgel volume,
Ap? is the contrast, and P(Q) is the particle form factor that was mod-
eled using a fuzzy sphere term

P(Q) =

sin QR. — QR. cos QR, (6Q)*
et )] o

in which R, is the particle core radius and ¢ is the fuzziness parameter.
Polydispersity in the core radius was included using a Gaussian distri-
bution function with a width ¢, determined from the fit. $(Q) is the
interparticle structure factor that was modeled through a Percus-
Yevick hard sphere structure factor term. B is a background term.

lll. RESULTS AND DISCUSSION

Rheological measurements were used to characterize the bulk
response of the suspension. Frequency sweeps measured in the linear
viscoelastic regime indicate a solid-like behavior of the suspension
[Fig. 1(a), inset]. The flow curve is typical of a yield stress fluid and can
be described with the Herschel-Bulkley model,” ¢ = o, + k(3)”
[Fig. 1(a)]. The yield stress and exponent obtained from the fitting are
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FIG. 1. (a) Flow curve (circles) and fit of a Herschel-Bulkley function (red line).
Inset: G’ (squares) and G” (circles) as a function of the frequency w measured in a
dynamic frequency sweep. (b) Stress o as a function of time t measured in stress
growth experiments for different rates, as indicated. Inset: Zoom in the region of
long times for 7 = 0.1 s~", evidencing the presence of sudden small jumps in the
stress. All measurements performed at T=20°C.
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0, =2.6Pa,v=0.52, with the latter characteristic of dense microgel
suspensions.”* Figure 1(b) shows the results of stress growth experi-
ments at different applied shear rates. For § < 0.5 s, after the initial
regime corresponding to linear response and yielding, the stress and
viscosity slowly increase with time, indicating that uniform, steady-
state flow is not attained. Interestingly, some sudden small jumps in
the stress are observed at specific times (Fig. 1 inset, for y = 0.1 s~ ).
The growth becomes less and less pronounced with increasing y until
disappearing for y = 5 s, for which uniform flow at constant stress
is recovered.

Velocimetry measurements were performed using the heterodyne
dynamic light scattering setup described in Ref. 33, equipped with a
concentric cylinder geometry. Additional details on the cell setup and
measurements can be found in Sec. II. Before starting the measure-
ments, the sample was pre-sheared at a rate of 15" for 300s. The
sample was then left at rest for 600 s to reform a reproducible initial
state.””° Velocity profiles were measured at different waiting times £,
after application of the desired shear rate to the sample. The velocity
profiles for different shear rates, averaged over measurements per-
formed every 900 s between t,, = 0 and 2700 s (the acquisition time of
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FIG. 2. (a) Normalized velocity profle measured for ;}:0.1 s

(Peg = 1.1 x 107%), and averaged from t, = 0 s to t, = 2.7 x 10° s (diamonds).
Smaller empty symbols correspond to velocity profiles measured for intermediate
times (as indicated). (b) Integral of the excess scattering of the sheared sample, as
a function of position along the gap and (c) ratio between the transmissions of the
sheared (T) and quiescent (To) sample measured by SANS.
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the Rheo-SANS experiments), show the onset of shear banding when
7 < 0.2 s~ ' Figure 2(a) reports the representative profiles measured
for ) = 0.1 s~ ! data for additional shear rates can be found in Fig. 3.
Velocities (v) were normalized to the velocity of the moving rotor (vg)
and the position along the gap z to the gap size z,. For = 0.1s ', the
corresponding  Peclet number is Pey=7jtp = 6m)nR’ /ksT
=1.1 x 1073, with 7 the Brownian diffusion time in dilute condi-
tions, R ~ 140 nm the particle radius, and # the water viscosity at
T =20°C. Shear banding was observed and predicted for hard-sphere
glasses for similar values of Pey.'”'” Shear localization due to strong
shear rate gradients’” can be excluded since the variations of the shear
rate and stress due to the size of the gap in Couette geometry are mod-
erate for our shear cell (R;/R, =~ 0.955, with R; and R, being the inner
and outer radius, respectively).

The diamonds in Fig. 2(a) correspond to a profile that shows a
band presenting plug-like flow for 0.4 < z/z, =< 0.6 instead of close to
the static surface at z/z, = 0. The presence of a slight wall slip is also
evident from the values of the normalized velocity at the boundaries,
which are larger than 0 at the static rotor (z/z, ~ 0) and smaller than
1 at the moving rotor (z/ zg =~ 1). The simultaneous presence of wall
slip and banding has been often reported for SGMs." The presence of
shear-banding in the velocity profiles is observed almost immediately
after shear startup; however, the shape of the velocity profiles varies
significantly over time, showing either stronger localization in the cen-
tral region [Fig. 2(a), small squares] or approach to a linear profile
[Fig. 2(a), small circles]. The formation of the unsheared band in the
central region of the gap further supports the absence of shear localiza-
tion due to strong shear rate gradients. Figure S2 of the supplementary
material shows in addition that shear banding persists over times an
order of magnitude larger than the t,, = 2700 s. The observed shear-
banding phenomenon is, therefore, long-lived, but unsteady.
Furthermore, at sufficiently large rates (j =5 sfl) and stresses, a lin-
ear profile is recovered (Fig. 3) and, as already mentioned, the rheolog-
ical response evidences homogeneous flow at constant stress
[Fig. 1(b)]. Therefore, there is an upper threshold in the rate or stress

1.0_1 'Y/s-ll Peq T T T T
» 002 1.110" *
0.8Fe 005 5710 250
¢ o010 1110° >,
0.20 | < A
0.6 S

1

00 02 04
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0.6 .08 1.0
z/zg

0.0

FIG. 3. Velocity profiles measured for different 7 (Pey), as indicated, and averaged
fromt, = 0stot, = 2.7 x 10%s. For the largest rate = 5.0 s~ " alinear profile
is recovered, as indicated by the solid black line.
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for observing this shear-banding phenomenon. Similar profiles and
shape fluctuations have been previously reported for hard sphere col-
loidal glasses'” and interpreted in terms of flow-induced particle
migration, without providing, however, experimental evidence for this
mechanism.

To investigate the link between the observed shear-banding and
structural changes in the microgel suspension, Rheo-SANS experi-
ments were performed on D22 instrument at the Institute Laue-
Langevin using their concentric cylinder 1,2-shear cell.”” Additional
details on the shear cell and measurements can be found in the supple-
mentary material. The same rejuvenation protocol used for velocime-
try measurements was applied in this case. This setup allowed us to
measure scattered intensity profiles at five different points along the
velocity gradient, i.e., in the flow direction [Fig. 4(a), sketch]. This is
the required scattering plane to detect changes in the intensity I(Q)
related to shear-induced restructuring” or variations in the velocity
gradient associated with shear banding.““” The I(Q)s were measured
over 2700s to accumulate enough statistics for each position and .

(@ '
1’ _E\K}\!h _E
g g ]
Q
= 1| J
SRUN: ;
10’3
S

FIG. 4. (a) Scattering intensities I(Q) vs Q measured for a shear rate 7 = 0.01 s~

and for different positions along the velocity profile, as indicated in the sketch. (b)
Corresponding excess scattering intensities vs Q. Inset: Scattering intensity 1(Q) vs
Q in the quiescent state, measured in the shear cell (red circles) and in a normal
cuvette (blue squares). Black line: Fit used to extract the excess scattering intensi-
ties (see Sec. |l for details).
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Data averaged over shorter intervals of 900 s (Fig. S7 of the supplemen-
tary material) show similar behavior with larger noise (see supplemen-
tary material for more details). The Q-range accessible in this
configuration is 2.2 x 10°A~1 < Q < 2.8 x 1072A™", The I(Q) at
rest was measured in a standard cuvette on a broader Q-range. In the
common Q-range, these data and those measured with the shear-cell
in quiescent conditions nicely overlap [circles and squares in Fig. 4(b),
inset].

For the large packing fraction investigated, ¢4 ~ 1.3, the I(Q) of
the sample at rest shows the presence of a structure factor [S(Q)] peak
around Q =~ 8 x 107>A ", although the peak is not very pronounced.
Indeed, the combination of a soft, Hertzian-like inter-particle potential
and polydispersity leads to a decrease in the structural peak in the S(Q)
for oz > 1.°° This is further confirmed by small-angle x-ray scatter-
ing data measured for 1.2=<{=1.5 (Fig. S3 in the supplementary
material).

Changes in the intensity are observed under shear depending on
the position of the beam along the gap. While the overall intensity is
slightly shifted vertically, the shape of the curves only changes in the
region around the structure factor  peak, 4 x 1073
A1 < Q< 1.4x10°2 A" [Fig 4(a)]. For smaller and larger Q val-
ues, the curves present the same Q dependence, suggesting that shear
does not significantly affect the single particle shape, since the decay
for Q > 1.4 x 1072 A~" has comparable shape. On the contrary, shear
flow does affect the overall intensity and S(Q) and, therefore, the local
packing fraction and eventually the ordering of the suspension.

To better quantify shear-induced structural changes, the intensi-
ties measured under shear, I(Q)*™, were divided by a model fit of the
I(Q) for the sample at rest, I(Q)gL [line in Fig. 4(b), inset], obtaining an
excess scattering [(Q)exe = I(Q)™/I(Q)f.- A fit was used instead of the
experimental data to reduce noise. The model used includes a fuzzy-
sphere form factor’' and a Percus-Yevick hard-sphere structure fac-
tor'” and is reported in Sec. I1 E. The excess scattering is observed in
the Q-range where the effects of S(Q) are present. A separate fit was
used for each one of the five positions due to slight fluctuations in the
absolute intensity of the quiescent spectrum measured at different
positions along the gap.

The values of I(Q)ex. depend clearly on the position along the gap,
as illustrated in Fig. 4(b) for ) = 0.1 s ! (additional rates are reported in
Fig. S5 of the supplementary material). While close to the inner (circles)
and outer surfaces (left-side triangles) the excess scattering is close to 1, it
increases toward the center (squares and down-side triangles) and
reaches a maximum value at the central position (up-side triangles). This
behavior indicates that structural variations progressively increase when
approaching the center of the gap (up-side triangles), while no significant
restructuring is observed compared to the sample at rest in the vicinity of
the shearing surfaces (circles and left-side triangles).

The discussed trend can be visualized more clearly by calculating
the normalized integral of the excess scattering over the Q range of
Fig. 4, Apye = fgf 1(Q) . dQ/ fgf dQ, where Q, and Q, are the small-
est and largest Q values, respectively, in Fig. 4. Integration allows us to
reduce once more the effect of noise. As shown in Fig. 2(b), a pro-
nounced maximum of A, is observed at the central position of the
gap (z/z, ~ 0.5), where the velocity profile shows a plug-like response
[Fig. 2(a)].

The increase in sample structuring and the linked plug-like
response could be associated with particle migration and changes in
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the local packing fraction. The sample transmission at the different
points along the gap is computed to test this hypothesis. As shown in
Fig. 2(c), the transmission under shear (T) divided by that at rest (T,)
shows a trend that is inverted compared to A, with a minimum at
z/z, ~ 0.5, confirming an increase in the local packing fraction in the
central region of the gap. While the differences in transmission are
rather small, they are not within error bars; moreover, the close con-
nection with variations of A, supports their significance. The increase
in the packing fraction in the central band implies that a related
decrease should be observed in some of the other bands: this is indeed
confirmed by values of A determined at the remaining points, as
shown in Fig. S6 of the supplementary material. Additionally, the aver-
age value of A calculated over the five points along the gap is close
to 1 in all cases. These data establish a link between shear banding in
the velocity profile and local variations of ¢ in the bands. They are
also consistent with the increase in the stress observed in the rheologi-
cal data (Fig. 1).

To investigate how the observed banding depends on the shear
rate j (Pey), we focus on the central region of the velocity profile where
the strongest changes in shape and relative velocity are observed,
which we associate with structural variations. The diamonds in Fig. 5
show the velocity ratio (v, /v), i.e., the ratio between the velocity of a
linear velocity profile and the measured velocity in the center, as a
function of j. Thus, v, /v # 1 indicates the presence of shear banding,
with v, /v > 1 corresponding to the presence of slower bands. The
fractional part quantifies the amount of deviation from the linear
profile. Apart for 7 = 0.02 s, which might be affected by the sta-
bility of the setup in producing the desired displacements at small
rates, the remaining values show that the pronounced shear band-
ing observed at y = 0.05 s~ ' progressively decreases with increas-
ing shear rate, becoming very weak for 7 = 1.00 s~ . Furthermore,
the triangles in Fig. 5 represent the values of AL vs 7, i.e., the value

€xc
of Ay for the mid-position along the gap. Similar to vy, /v, A
monotonically decreases with increasing 7, reaching the smallest
value of approximately 1 for y = 0.5 s~'. Also the value of T/T, is

found to increase and approach 1 with increasing 7 (Fig. 5, inset).
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FIG. 5. Integrated excess scattering Aey (triangles, left y-axis) and velocity ratio
vin/v (diamonds, right y-axis) obtained for the central band of the flowing dispersion,
as a function of shear rate. Inset: Ratio between the transmissions of the sheared
(T) and unsheared (Ty) sample, as a function of shear rate (same x-axis as the
main plot).
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The consistency in the trends of vy, /v and ASL_ further strengthens

the proposed link between the laminar or plug-like flow of the cen-
tral band of the velocity profile, and local variations of ¢ and of
the structure of the suspension.

The presence of a moderate gradient in the shear rate that is pre-
sent in the Couette geometry is fundamental to interpret the observed
behavior: it has been previously shown that this gradient, although not
being strong enough to induce shear localization at the stator,””"” can
induce particle migration across the gap,'” leading to an amplification
of the shear rate gradient and of the mass flux until the shear-gradient
induced mass flux is balanced by the concentration gradient-induced
diffusion. This mechanism is called shear concentration coupling.'” At
shear startup, the higher rate close to the moving rotor is expected to
induce a faster migration of particles from the inner moving wall
toward the center, than from the center toward the outer wall. The
compressibility of the microgels might play an important role in facili-
tating particle rearrangements and migration, compared to hard-
sphere like colloids. Migration of particles from the inner wall is
expected to induce a faster increase in the packing fraction at the cen-
ter of the gap, as confirmed by our data. In the vicinity of ¢4 = 1.3,
the packing fraction of our sample, a transition in the rheological
response has been observed in previous measurements,”’ and associ-
ated with the limit of compression of the microgel corona and the
onset of core compression.””** Variations of the local packing fraction
due to particle migration might be responsible for inducing this transi-
tion in the central region of the gap and thus for the onset of plug-like
flow. Particle migration and associated complex velocity profiles have
been also observed in non-Brownian particulate suspensions’”*”*®
and interpreted in terms of the suspension balance model.”” However,
Brownian diffusion plays a key role in our suspensions.

While the origin of the temporal fluctuations in the velocity pro-
file is unclear at the moment, different mechanisms could contribute
to establish them: Fluctuations of the local packing fraction in the cen-
ter of the gap could result from particles amassing close to the wall,
and associated vorticity rolling,"* or by local deswelling due to sudden
compression induced by crowding,”” Additional insight into the
nature of the observed shear banding and fluctuations will be gathered
in the future by measurements of normal stresses and velocity profiles
at different heights on the shear cell.

Summarizing these observations, the combination of structural
information, velocimetry, and rheology data provides experimental
evidence of the shear-concentration coupling mechanism. Particle
migration might be favored in microgels by compressibility, that may
facilitate rearrangements through particle deswelling and deformation
compared to hard-sphere like particles. The observed structural
changes are more pronounced than what one could expect on the basis
of the measured values of the transmission and, therefore, the increase
in the local packing fraction. This suggests that together with the varia-
tion of the local packing fraction, also the local ordering of the suspen-
sion might increase. The key role of compressibility and of the
deformation of individual particles will be systematically investigated
in the future by variation of the ¢ of the dispersions and the degree
of cross-linking of the microgel network, which can be used to finely
tune the bulk modulus of the individual particles.22 However, to have a
definitive comparison between the behavior of hard spheres and
deformable soft colloids, one must know the real packing fraction
occupied by the particle.”"** This might be achieved in the future by

ARTICLE pubs.aip.org/aip/pof

combining super-resolved microscopy, " small-angle neutron scat-

. . C L. 51,53,54 . . .
tering with contrast variation, and computer simulations of in
silico microgels.”™

IV. CONCLUSIONS

In this work, we were able to establish a link between shear band
formation, structural changes, and particle migration for dense suspen-
sions of compressible colloids, providing experimental confirmation of
the mechanism of shear—concentration coupling.'™"” Fluctuations in
the banding behavior are observed, which could be associated with
physical mechanisms inducing variations of the local packing fraction
at the center of the gap, like vorticity rolling or local deswelling. These
mechanisms need to be investigated in more detail in the future.
Additionally, our study opens up the route to investigate the effects of
particle compressibility on this mechanism for a variety of dispersions
of soft colloids, with important consequences in applications related to
the flow and processing of dense suspensions.

SUPPLEMENTARY MATERIAL

See the supplementary material for measurements of hydro-
dynamic radius by dynamic light scattering; velocity profile for
7 =0.5s" " and long waiting time; SAXS data for different values
of the effective volume fraction; SANS measurements at different
points along the shear-cell gap and for different shear rates; excess
scattering for additional shear rates; excess area for different posi-
tions across the gap; and SANS intensities measured for different
waiting times after applying shear.
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