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EDITORIAL 
I hope that you enjoy this ‘midwinter’ issue of our bulletin.  I am delighted to have 
some really excellent contributions from recent PhD graduates, which can only be 
good news for the long-term health of rheology.  We have thesis summaries from 
two outstanding nominees for the Vernon Harrison Prize, and I’m very grateful to 
Begüm Özen for her fascinating overview based on her PhD work on rheo-NMR.   
 
It’s been a busy year for the BSR; one in which we thank Andrew Howe for his 
excellent stewardship as BSR president and welcome Simon Cox into this role.  
Activities have thrived despite difficult circumstances with Mónica Oliveira and 
colleagues recently hosting a very successful online NNC, (See report in this issue).  
Over the last year, BSR has completed its first Equality, Diversity and Inclusion 
survey, and now offers additional support for members with caring commitments to 
help with participation in conferences and meetings.  Please see the awards section 
for details of this and other support, and note that the Early Career Award eligibility 
criteria include members who may have taken a non-standard career path. 
 
Members will be glad to hear that there is now an extensive collection of back issues 
of Bulletins is now available to BSR members via our website.  The cover illustration 
is a small tribute to many contributions to our bulletin from the late Ralph Oliver, 
who is much missed and fondly remembered. 
   

Richard Thompson, December 2021.  
 

SUBMISSIONS TO THE BULLETIN 
Submissions to the Bulletin are welcome at any time.  Electronic submissions by 
email to the Editor (r.l.thompson@durham.ac.uk) are preferred in word format (e.g. 
.doc or .docx). Please always provide a contact name, address, e-mail, or telephone 
number in case of problems. The deadline for submission is Feb. 15th, July 15th and 
Oct. 15th, respectively, for three issues annually.  
 

COVER ILLUSTRATION 
A selection of hand-drawn figures and diagrams created by D. Ralph Oliver, a 
regular contributor to BSR bulletins over many years.  Back issues including these 
are now available to members via the BSR website.  
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AIMS OF THE SOCIETY 
 
The way liquids flow and solids deform affects all aspects of life.  
 
Extraction and processing of crude oil, moulding of plastics, use of toothpaste, 
spreading of margarine, painting and the lubrication of joints in the human body are 
all examples of processes depending upon rheological behaviour. Rheology is 
defined as the science of the deformation and flow of matter.  
 
If your work is concerned with rheology in any way, then you have much to gain by 
joining the British Society of Rheology, including 

• advance your knowledge by attending our conferences 
• receive publications including Rheology Abstracts, Bulletin and Rheology 

Reviews 
• learn of current instrumentation and accessories plus new developments.  
• access to non-Newtonian Club linking industry and academia  
• travel Grants, Poster Prizes, Career Opportunities 
• network with fellow members who, while working in a different 

discipline or industry, may be facing similar problems to yours  
The Society is non-profit making and is registered as a charity. For the details, you 
are warmly welcome to visit our web site http://www.bsr.org.uk/, and to apply for 
membership on-line. 
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Simultaneous Quantification of Crystallinity and Rheological 
Properties of Coconut Fat via a Unique and Novel in-situ Combination 

of Rheology and 1H NMR  

M. Begüm Özena,b*(L), Karl-F. 
Ratzschc,d, Manfred Wilhelmc(R) 
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b) Nevşehir Hacı Bektaş Veli University, Science Technology Application and 
Research Center, 50300, Nevşehir, Turkey. 
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d) Bruker Biospin GmbH, Rheinstetten, Germany. 
 
 
Crystallization of fat has received much interest in research over the last decades due 
to the effect of microstructure on physical, specifically mechanical properties [1]–
[4]. Manufacturing of the fat-based product consists of a controlled interference to 
preserve, alter or destroy a microstructure during processing [3]. During processing, 
various parameters change at the same time e.g. cooling rate and applied shear and 
elongation deformation. These have a large impact on the fat crystallization behavior 
such as polymorphic transitions, oil migration, fat bloom development, aggregation 
of crystals, differing crystal size, and solid fat content [5], [6]. Correlating the 
influences of processing parameters on fat crystallization is advantageous for 
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scientists to understand and predict the principles for the fat and food industry, to 
control final product characteristics: the stability of the processed food, and thus, 
safe, diversified, convenient, and good quality fat products are produced [5].  
 
Advanced characterization techniques provide a major contribution to the 
engineering sciences in fat research, with an investigation in micron length scales, 
such as those found in self-assembly colloidal structures, crystal networks, crystals 
of many types, and interfaces. These micron-sized (1 -10 µm) identities together 
with the solid fat content (SFC) are critically involved in the final mechanical 
properties, rheological and processing behavior, textural and sensory properties of 
food [3]. These properties can be altered by varying shear flow and/or temperature 
profiles during crystallization to attain customer needs. Commonly used 
characterization techniques to investigate fat crystal structure formation and their 
fractal properties are microscopy techniques e.g. polarized light microscope, 
environmental scanning electron microscopy (ESEM), and other physical methods 
e.g., X-ray diffraction (XRD), differential scanning calorimetry (DSC), nuclear 
magnetic resonance (NMR), light diffraction, and rheology.[3], [5] All of the 
mentioned methods provide quantitative analysis. Nevertheless, a direct correlation 
of the investigated properties for different methods is not possible due to the non-
identical calibration (shear rate, cooling rates, etc.). Therefore, multidisciplinary 
approaches have been used for better understanding the impact of processing 
conditions on the fat microstructure. Mazzanti et al. [7], [8] used a Couette shear cell 
with the combination of XRD to study shear-induced crystallization of cocoa butter, 
milk fat, stripped milk fat, and palm oil. They observed accelerated crystallization 
and oriented crystals along the shear direction by applied shear. For their later study 
[9] they used Rheo-NMR, comprising a 10 mm NMR tube with a Teflon shaft, 
creating a mini Couette cell, to investigate the SFC and its impact on crystallized fat 
properties. They used the free induction decay (FID) signal to determine the SFC of 
the blends of canola stearin (CS) in canola oil (CO) under different shear rates (58 - 
460 s-1), however, did not see a significant difference between sheared and non-
sheared samples.  
 
In previous studies, shear was applied within the NMR spectrometer, while 
rheological parameters were not determined. The studies in the past twenty years 
conducted by Rheo-NMR setups rely dominantly on the NMR part to determine SFC 
and simplified rheology part with the application of steady shear flow via Couette 
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geometries for studying limited to low viscosity complex fluids [10, 11] without 
quantification of the steady-state viscosity or the complex viscosity under oscillatory 
deformation. Therefore, a reliable, robust, fast method to determine the SFC 
correlation with rheological quantities (e.g. 𝐺𝐺′, 𝐺𝐺′′) under applied large deformation 
would be desirable. Only very recently the newly developed low-field RheoNMR 
setup simultaneously measures the full rheological shear characterization (𝐺𝐺′, 𝐺𝐺′′ (𝜔𝜔, 
𝛾𝛾0, 𝑡𝑡), allowing for the application of 
“LAOS” and the related data analysis via I3/1 [12], FT-Rheology [13], [14]) etc. via 
a high end rheometer and the quantitative molecular mobility by 1H NMR [15]–[18] 
and T2 relaxation time determination. Thus, a precise investigation of sample 
crystallization under identical and identified conditions has become possible with 
this unique Rheo-NMR setup (see Figure 1). Additionally, this technique provides a 
correlation between the time evolution of the sample’s macroscopic material 
properties and microscopic molecular dynamics under applied nonlinear 
deformation. 
 

  
 
Figure 1: (a) Illustration of the developed set-up and (b) a photograph of the 
RheoNMR setup adapted from the ref. [17] with permission. 
 
To demonstrate the capabilities of this new low-field RheoNMR technique, coconut 
fat was chosen as a model substance for a fat isothermal crystallization kinetic study. 
Although coconut fat is extensively used in several applications from food to 
industrial purposes, the kinetic study of coconut oil crystallization has rarely been 
published. The easy accessibility of coconut fat also makes it favorable for this study.  
 

(a) 
 

(b) 
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1. Isothermal coconut fat crystallization 
The isothermal crystallization experiments of coconut fat samples were conducted 
via Rheo-NMR using ceramic, proton-free, and non-conducting rheological 13 mm 
cone-plate geometry (see Figure 2b). The low-field Rheo-NMR, introduced by 
Ratzsch et al. in 2017 [17], consists of a combination of a Halbach designed low-
field permanent magnet (𝜈𝜈𝐿𝐿 = 30 MHz, B0 = 0.7 T) in a commercial strain-
controlled TA ARES (TA Instruments, New Castle, DE, USA) shear rheometer. The 
Bruker minispec (ND series) is used as the console/amplifier for the NMR probe. A 
combination pulse sequence with magic-sandwich echo (MSE) and the Carr-Purcell-
Meiboom-Gill pulse sequence (CPMG) was used in the NMR method. The purpose 
of the CPMG sequences is to refocus only on the magnetization of the more mobile 
phase of the sample, and the MSE sequence provides refocusing on the initial 
transverse magnetization. By analyzing the magnetization decays using a bi-
exponential model with pre-factors (𝐼𝐼𝐴𝐴 and 𝐼𝐼𝐵𝐵) and transverse relaxation times as 𝑇𝑇2𝐴𝐴 
and 𝑇𝑇2𝐵𝐵, the back-extrapolated initial intensities 𝐼𝐼CPMG at the time of NMR equals to 
zero “𝑡𝑡NMR = 0 ms” were determined [15]–[19]. 

𝐼𝐼CPMG(𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒) = 𝐼𝐼𝐴𝐴 exp(−𝑡𝑡 𝑇𝑇2𝐴𝐴⁄ ) + 𝐼𝐼𝐵𝐵 exp(−𝑡𝑡 𝑇𝑇2𝐵𝐵⁄ )   (1) 

Calculated 𝐼𝐼CPMG (𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒) values along the time of experiment “𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒” were compared 
with the 𝐼𝐼CPMG of a supercooled melt, which shows the maximum value of the 𝐼𝐼CPMG  

( 𝐼𝐼CPMG,max ), for achieving the mass-fraction crystallinity 𝑋𝑋C  

with the following equation;  

𝑋𝑋𝐶𝐶(𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒) = (1 − (𝐼𝐼CPMG(𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒)/𝐼𝐼CPMG,max))                  (2) 

The resulting 𝑋𝑋C  evolution by time shows the developing crystallization or SFC 
during the isothermal crystallization process. All experiments in this study were 
conducted with the following settings values in the NMR method: the 90° pulse 
length= 2.4 μs, and the 180° pulse length= 4.8 μs, the recycle delay 𝜏𝜏rd= 2.5 s with 
16 scans and 𝜏𝜏= 20 μs (𝜏𝜏- waiting time) between subsequent 180° pulses for the 
applied CPMG sequence. 
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Figure 2: (a) Schematic overview of the used Halbach magnet with the NMR probe 
of the Rheo-NMR setup and the rheometry counterparts. (b) Drawing and the photo 
of the machinable ceramic cone geometry for the rheometer which has 13 mm 
diameter and 86.50 mm length. It has holes for fast thermal stabilization. Figures 
adapted with permission from the ref. [17]. 
 
1.1 Temperature dependence  
All isothermal crystallization experiments were conducted by melting the sample at 
50 °C for 15 min to obtain an isotropic melt sample and then, cooling it to the 
crystallization temperature (𝑇𝑇C) as fast as possible. The sample was kept at 𝑇𝑇C until 
it was fully crystalline. Sample curves are presented in Figure 3. For the temperature 
dependence experiments a low deformation amplitude (𝛾𝛾0 = 0.005%,  = 10 rad/s) 
was applied to not disturb the crystal network formation. A gelation (as defined via 
𝐺𝐺′ = 𝐺𝐺′′) occurred at the SFC of less than 𝑋𝑋C = 0.01. Then, the increasing 𝑋𝑋C(t) and 
the moduli (𝐺𝐺′> 𝐺𝐺′′) reflects the crystallization kinetics. While the moduli reached 
the final maximum stable value (𝐺𝐺∞

′ ), the 𝑋𝑋C continued to rise for another 100 s to 
achieve the final SFC (𝑋𝑋C

∞) due to developing secondary crystallization (see Figure 
3b). The strong effect of the increased 𝑇𝑇C from 9 to 19 °C is observed with the 𝑋𝑋C

∞ 
reduction from 80% to almost its half. Presumably, the increasing 𝑇𝑇C led to larger 
spherulites, which had a more amorphous phase. 
 
 

(a) 
 

(b) 
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Figure 3: (a) The time evolution of 𝐺𝐺′(𝑡𝑡) and 𝐺𝐺′′(𝑡𝑡) from the Rheo part. (b) The 
𝐺𝐺′(𝑡𝑡) and simultaneously acquired the 𝑋𝑋C via the NMR part of the RheoNMR. With 
a 10 °C increase in the crystallization temperature, 𝑇𝑇C, a slower crystallization was 
observed with a strongly influenced final SFC (𝑋𝑋C

∞), seen as a reduction in 𝑋𝑋C
∞ from 

80% to almost 40%. 
 
1.2 Deformation dependence  
Various strain amplitudes (𝛾𝛾0) were imposed during the isothermal crystallization of 
the coconut fat as depicted in Figure 4.  

    
Figure 4: Simultaneously monitoring of 𝐺𝐺′(𝑡𝑡) and  𝑋𝑋C(𝑡𝑡) under imposed various  𝛾𝛾0 
(a) at 𝑇𝑇C  =  9 °C, and (b) at 𝑇𝑇C  = 14 °C. A change in the microstructure is indicated 
by a delay in the 𝑋𝑋C and the reduction in 𝐺𝐺∞

′  with increasing 𝛾𝛾0 at 𝑇𝑇C  = 14 °C.  
 

(a) 
 

(b) 
 

(a) 
 

(b) 
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The increase of 𝛾𝛾0 from 0.005% to  5% at both 𝑇𝑇C caused a significant decrease in 
𝐺𝐺′ by a factor of ~100 and led to slippage or fracture when the sample was fully 
crystalline. No significant effect was observed on the 𝑋𝑋C development for applied 
deformation range at 𝑇𝑇C  = 9 °C. Although the 𝑋𝑋C

∞ was not influenced, a delayed 
crystallization can be seen with increased deformation at 𝑇𝑇C  = 14 °C.  

1.3 Kinetic analysis  
It has been known that the bulk fat nucleation is predominantly heterogeneous [20], 
and this results in a noninteger value of n [5], [21]. Additionally, the interaction of 
fat crystals with each other in the network has a very complex nature [22]. Within 
this framework, the kinetic analysis of the coconut fat crystallization system in this 
study was done by applying an Avrami model to the plotted relative crystallinity 
(𝑋𝑋C  𝑋𝑋C

∞⁄ ) data. The general expression of the Avrami model is 

                                         ( 𝑋𝑋C
𝑋𝑋C

∞) = 1 − exp (−(𝐾𝐾(𝑡𝑡 − 𝑡𝑡𝑖𝑖))𝑛𝑛)                            (3) 

where the rate constant K (time)-1 and exponent n (-) being the Avrami parameters 
[23]–[25]. The exponent n reflects both the dimensionality of the growth and the 
nucleation mode [26]. The Avrami approach describes the primary crystallization 
periods, and thus, provides a good fit up to 50% of the final crystallinity of the whole 
crystallization curve [27]. Therefore, the relative crystallinity ( 𝑋𝑋C  𝑋𝑋C

∞⁄ ) as a 
function of time for a variety of temperatures and shear deformation were fitted by 
the Avrami model (see equation 3) up to 𝑋𝑋C  𝑋𝑋C

∞⁄ = 0.5 as depicted in Figure 5. The 
extracted kinetic parameters from the Avrami fit are shown in Figure 6. The 
dimensionality n increased by about 1 within Δ 𝑇𝑇C = 10 °C rise for quiescent 
crystallization. However, the n value increased by almost 3 via the application of a 
large deformation 𝛾𝛾0 = 5%. This resulted in n > 4, which presumably indicates the 
complexity of the crystallization mechanism with a multi-dimensional growth and 
different morphology of the coconut fat. Another intriguing point is: if the 
experiment was conducted at 𝛾𝛾0 = 5%, first this slowed down the crystallization, 
and after some time, accelerated it. In total the duration of crystallization did not 
show any difference. The explanation could be that the crystals at the early stage of 
crystallization were destroyed due to the applied large deformation which led to a 
slower crystallization. Then, applied large deformation increased the contact surface, 
increased convection, and led to more compact and/or stretched aged crystals, and  
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Figure 5: Visual comparison of fitted the Avrami model (see equation 3) to the 
isothermal crystallization 𝑋𝑋C  𝑋𝑋C

∞⁄  time evolution curves for (a) the temperature-
dependent experiments at the  𝛾𝛾0 = 0.005%, and (b) the deformation-dependent 
experiments at 𝑇𝑇C  = 14 °C. The Avrami model was fitted up to 𝑋𝑋C  𝑋𝑋C

∞⁄ =  0.50 
and shown as a red line. An intriguing point here is that the conducted 𝛾𝛾0 = 5% 
during isothermal crystallization, decelerated the crystallization at an early stage, 
and later on, accelerated it. Thus, applied large deformation shows no impact on the 
duration of total crystallization. 
 
hence, speeded up the crystallization. Therefore, the applied large deformation (𝛾𝛾0 =
 5%) increased the n value over 4, but it has no significant effect on the calculated K 
value. This finding is in agreement with the report of Kloed in 1998 [20] that shear-
induced crystallization caused compaction of the fat crystals. 

1.4 Fractal dimension analysis 

The fat crystal network is composed of packed fractal flocs throughout the sample. 
The analysis of fractal geometry is important for understanding the link between the 
microstructure of the fat crystal network and the macroscopic rheological properties 
of the network. The fractal dimension is a measure of the relationship between the 
mass and size of a cluster [28], [29]. According to the study of Narine and Marangoni 
[29], the fractal dimension is strongly influenced by mass and heat transfer which 
are governed by processing conditions, i. e., temperature history. With the here  

(a) 
 

(b) 
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Figure 6: Kinetic parameters (a) for the temperature-dependent experiments; and 
(b) for the deformation-dependent experiments at 𝑇𝑇C  = 14 °C with varying 𝛾𝛾0 . 
Parameters- n: Avrami exponent, K: Avrami rate constant (see equation 3). 
Application of large deformation (𝛾𝛾0 ≥ 0.05%) increased the n value over 4, but it 
has almost no influence on the K value. 

presented Rheo-NMR method, the crystallization processing conditions are identical 
with simultaneous measurement by 1H NMR and a high-end rheometer. Thus, the 
direct correlation of 𝐺𝐺′ as a function of the 𝑋𝑋C can be evaluated based on the weak-
link regime for colloidal dispersion. Above the gelation threshold, the gel network 
consists of closely packed fractal flocs [30]. The flocs are divided into two, as a 
strong and weak-link regime [29], [30]. In the strong-link regime, the particle 
concentration is low, and the individual floc is large. Each floc behaves as a weak 
spring [30]. However, in the weak–link regime, particle concentration is high with 
very small and stiff fractal flocs [30], [31]. Thus, the 𝐺𝐺′  exhibit a power-law 
increasing behavior with increasing SFC [30]–[33] as described by; 

                    𝐺𝐺′ = 𝜓𝜓𝑋𝑋C(𝑡𝑡)p                    (4) 

ln(𝐺𝐺′) = ln(𝜓𝜓) + 𝑝𝑝ln(𝑋𝑋C(t))       (5) 

where 𝜓𝜓 is a constant, independent of 𝑋𝑋C, but it depends on the polymorphic nature 
such as particular lipid or triglyceride composition of the fat crystal network, and 𝑝𝑝 
is a chemical length exponent, which depends on the fractal dimension 𝐷𝐷 of the 
network in the following manner: 𝑝𝑝 = 1/(3 − 𝐷𝐷) in the weak-link regime for a 

(a) 
 

(b) 
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three-dimensional system. The linear slope (𝑝𝑝) of ln(𝐺𝐺′) and ln (𝑋𝑋C(𝑡𝑡)
𝑋𝑋C

∞  ) correlations 

are used to calculate 𝐷𝐷  values, as depicted in Figure 7. Different slopes were 
observed from three different stages in coconut fat crystallization experiments. A 
low SFC was presented at an early stage of the crystallization. Consequently, this 
stage is called the initial stage. Another stage consists of the higher SFC, and hence, 
it is called the growth stage. Then, an observed plateau indicated no further change 
in the fractal dimension. Determined D values from the plots in Figure 7 are 
displayed in Figure 8. The resulting D value was stable at the growth stage by 
changing 𝑇𝑇C. However, it was a factor of 1.2 higher with a decrease in Δ𝑇𝑇C = 10 °C. 
According to Narine and Marangoni (1999) [29] a sample has instantaneous 
nucleation at a lower temperature, and thus, nucleation sites dissipate the heat 
effectively throughout the network. Therefore, in the systems at low 𝑇𝑇C  with a rapid 
nucleation stage have a higher fractal dimension.  
 
 

           
Figure 7: Correlation between 𝑙𝑙𝑙𝑙(𝐺𝐺 ′)  and 𝑙𝑙𝑙𝑙 ( 𝑋𝑋C(t)

𝑋𝑋C
∞  ) (a) for the temperature-

dependent Rheo-NMR experiments; and (b) for the deformation-dependent 
experiments at the 𝑇𝑇C  = 14 °C for various 𝛾𝛾0. Linear fit as represented with a dashed 
line and the observed two different slopes are called the initial and the growth stage 
of the crystallization. The slope of the linear fits provides the chemical length 
exponent 𝑝𝑝, and hence, the fractal dimension 𝐷𝐷 of the network can be calculated via 
𝑝𝑝 = 1/(3 − 𝐷𝐷).  

(a) 
 

(b) 
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In the case of the application of LAOS, the D value gradually decreased up to a 
factor of 1.1 as compared to the initial stage. This may originate from the constrained 
heat and mass transfer due to the deformed crystalline nuclei in the sample if a higher 
𝛾𝛾0  was applied. Lower D values were indicative of a disordered packing of the 
microstructural elements within the network [29] compared to experiments with 
higher D values. Nevertheless, the D value did not change significantly by increasing 
𝛾𝛾0 at the growth stage in the crystallization process.  
 
 

           
Figure 8: Fractal dimension (D) of the isothermally crystallized coconut fat (a) 
under the quiescent condition with varying 𝑇𝑇C; and (b) under varying deformation at 
𝑇𝑇C  = 9 °C and 14 °C.  
 
While at low 𝑇𝑇C  with a rapid nucleation, higher D values were extracted; the D value 
remained similar at the growth stage for different 𝑇𝑇C. Additionally, the existence of 
oscillatory deformation influenced the early stage of the crystallization and 
decreased the D value up to a factor of 1.1. However, D had the same value at the 
growth stage regardless of applied deformation. 
 
2. Further potential for the Rheo-NMR combination 
The importance of the unique Rheo-NMR method is that it offers the possibility of 
a deeper understanding of the relation between microscopic molecular dynamics and 
macroscopic material properties under identical thermal and oscillatory shear 
conditions. The study of the deformation impact on crystallization is interesting 

(a) 
 

(b) 
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since a lot of processing techniques apply shear and elongation forces in the linear 
and non-linear regime within fat processing e.g., the dry fractionation process. The 
Rheo-NMR could close a knowledge gap in the development of kinetic models for 
crystallization under applied shear to determine the required deformation or shear 
stress in fat or polymer processing, and hence, optimize the manufacturing 
processes. Understanding the effect of varying processing conditions (i.e. 
deformation, cooling rate) and the impact of additives on the fat crystal network and 
the resulting mechanical properties allows further tailoring of the properties such as 
spreading to obtain innovative products for specific applications. Thus, the Rheo-
NMR method opens up the possibility to relate macroscopic structural, mechanical, 
and even sensory properties of the fatty product with the molecular origin as 
determined via 1H NMR relaxometry. 
 
The RheoNMR method is very general and can be applied to a variety of soft matter 
e.g. polymers, fats, resins, rubbers, etc., and can provide a new and unique possibility 
for studying crystallization, gelation, curing with the application of flow [17], [18], 
[34]–[37] in the linear and non-linear regime both under steady and non-steady e.g. 
oscillatory conditions. 
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Conference Report 

Non-Newtonian Club, 17th September 2021 
Rheology of Multiphase Systems: Bubbles, Drops and 
Particles 
Organised by Mónica Oliveira, Konstantinos Zografos, Paul 
Grassia and Mark Haw at the University of Strathclyde and 
hosted virtually on Zoom platform on Friday 17th September. 

 

 

 

The BSR Non-Newtonian Club meeting on the theme of “Rheology of Multiphase 
Systems: Bubbles, Drops and Particles” was hosted on Sept 17th 2021 on-line at the 
University of Strathclyde. It was an excellent day, with a great mix of industrial and 
academic talks. Over 230 people registered, with more than 130 participants 
attending on the day. There were attendees from five continents and many time zones 
(including countries such as New Zealand, Japan and Brazil in addition to UK and 
other European countries), which emphasises the broad international interest of 
rheology and the new found reach of the online NNC meetings. 

The technical programme was launched with a direct industrial insight into the 
challenges related to papermaking and specifically how foams can be used to 
enhance the strength of paper. Ari Jäsberg and Tuomo Hjelt (VTT Technical 
Research Centre of Finland Ltd) explained how strength aids need to be added during 
the papermaking process, but there can be advantages of adding them in the form of 
a foam after a paper fibre network has already formed. Sometimes the foam 
application leads to a uniform foam layer covering the fibre network, whereas 
sometimes it does not. Understanding the rheology of the foam is then a step towards 
controlling how foam will behave when applied to a paper fibre network. Work at 
VTT has demonstrated that the foams that they use tend to shear thin which is 
unsurprising, but slip velocities turned out to be surprisingly large. Another 
challenge is that large pressure changes can occur, meaning that foam bubbles 
expand and foam density changes during the process. 
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We continued on the theme of foams with a beautiful and very insightful talk by 
Isabelle Cantat (University of Rennes). The focus now switched to the local scale 
of the foam films and specifically how surfactant moves around on these films. 
Towards this end, the group at Rennes has built a device consisting of just five foam 
films. Motors are used to stretch certain films and compress others. How foam films 
displace within the device allows determination of surface tension in different films, 
and looking at how film thicknesses evolve gives insight into how surfactant is 
transported around Plateau border menisci. Key to understanding the surfactant 
transport process is recognising that a geometric frustration occurs at the menisci at 
which three films meet. It is not possible to have uniform motion both along and 
across each and every film. Instead some films must have different velocity on 
different sides, meaning they are sheared. These ideas then lead to a constitutive 
relation between surface tension between films and surfactant flux around the 
menisci. 

In the last talk of the morning session, Nathanael Inkson (Siemens Digital 
Industries Software) gave us an update of the evolving Siemens computational fluid 
dynamics software, Simcenter STAR-CCM+. The talk focused on the modified 
Eulerian finite-volume code and Nat discussed the recent changes to allow modelling 
of particle suspensions and stabilised emulsions, and covered a number of test cases, 
including rheological behaviour of suspensions in flows between parallel plates and 
shear induced particle migration, and stabilised water/oil emulsions laminar and 
turbulent flow in pipes. 

In the first session of the afternoon, Anke Linder (ESPCI, Paris) discussed the 
fascinating world of complex microscopic particle behaviour under flow at low 
Reynolds numbers, looking at number of examples of particles with complex shapes 
and/or deformability. The first case shown looked at hydrogel particles with a variety 
of shapes fabricated in situ in such way that their shape and material properties are 
well-controlled. By tracking these particles in confined flow, Anke discussed how 
shape governs particle trajectories (e.g. lateral drift, oscillatory movement and 
rotation), highlighting the role of asymmetry. This was followed by two cases 
involving bioparticles: actin filaments and bacteria. Anke’s group used a range of 
tracking techniques to follow the particles in well-controlled flows, producing 
beautiful videos. Using a combination of experiments and simulation we were shown 
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how filaments buckle into helicoidal shapes in strong compressional flows, and how 
motile bacteria accumulating at surfaces are reoriented by flows, leading to upstream 
swimming and changes in bacterial motility. 

Elizabeth Jamie (Schlumberger Cambridge Research) introduced us to the 
complexity of industrial non-Newtonian fluid formulation in oil and gas engineering, 
with a talk focussed on understanding the behaviour of multiphase non-aqueous 
drilling fluids. These fluids, a mix of brine droplets, clay, additional solid 
particulates, and other components suspended in oil at a moderate disperse phase 
volume fraction, demonstrate both complex rheology and sensitive time-dependent 
structural and mechanical behaviour. Through macroscopic and microscopic 
visualisation, Liz demonstrated that a ‘model’ fluid, representative the commercial 
drilling fluid, behaves like a weak colloidal gel, in particular showing a delayed 
collapse behaviour familiar from research literature on simpler colloid-polymer 
depletion systems. Innovative multi-channel confocal microscopy, in collaboration 
with the Petekidis group at FORTH in Crete, revealed the gel’s internal 
microstructure, a highly inhomogeneous network with large empty voids. Liz’s talk 
reminded everyone of the important and sometimes surprising connections that can 
be made between basic research on highly simplified ‘model’ systems and 
applications under ‘extreme’ industrial conditions, such as the temperatures, 
pressures and performance requirements found in heavy-duty drilling operations. 

In the last talk of the day, Adam Townsend (University of Durham) spoke about 
microorganisms swimming through structured networks following a microscale 
approach in which the anisotropic structure of the background fluid was specifically 
modelled. Inspired by an electron microscope image of a sperm cell making its way 
through cervical mucus, he discussed the importance of the mucus structure on 
helping or obstructing the sperm cell. Adam argued that the system can be 
considered as a swimmer moving through a viscoelastic medium, but wondered 
whether this approach ignores the physics at the small scale. To understand how the 
swimmer moves, he modelled the mucin fibres, approximating them as individual, 
flexible, inextensible, rods, which were allowed to interact with a swimming 
filament representing the swimmer. He investigated the effect of different 
concentrations described by two different types of networks: rigid and flexible. He 
observed that at low concentrations the swimmer swam with similar speeds 
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independent of the network. For high concentrations, a speed boost was found for 
the flexible networks, while for rigid networks the swimmer was seen to slow down. 
Adam’s talk concluded with a very entertaining table, with references to Greta 
Thunberg, in an attempt to explain that the speed of these swimmers is drastically 
affected by the flow environment. 

The meeting closed with an address by the president of British Society of Rheology, 
Simon Cox, highlighting the work of the BSR and the range of benefits for members. 

This latest meeting of the BSR Non-Newtonian club demonstrated the enormously 
varied challenges presented by non-Newtonian complex fluids in both research and 
applications, as well as the continuing innovation being brought to bear on those 
challenges by scientists and engineers worldwide. Techniques ranging from cutting-
edge microscopy to high-power computation highlight that BSR researchers and 
engineers are not only pushing the boundaries of non-Newtonian fluids science but 
also developing and using the very latest methodologies, tools which will 
undoubtedly go on to have wider application in many other areas. That the online 
conference drew such a large and varied audience, at a time of continuing challenge 
for all of us globally, is a further testament to the resilience and commitment of the 
BSR community. 

Finally, we cannot finish without thanking Alan McCleave for technical assistance 
with setting up the online webinar sessions, Andrew Clarke for help with the online 
registration, and all our speakers and audience for a very inspiring set of talks and 
discussions. 

Mónica, Kostis, Paul and Mark 
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British Society of Rheology  363rd Council Meeting 
The meeting was held virtually via Zoom on 20th September, 2021, Chaired by 
Professor Simon Cox with Claire McIlroy as secretary. 
 
BSR is well represented on the European Society of Rheology Council, with Simon 
Cox now the BSR representative to the Executive Council, joining and Mónica 
Oliveira who was elected as Member at Large (congratulations, Mónica). Manlio 
Tassieri was elected as a Representative of Individual Members (congratulations to 
Manlio, too).  Simon is also the BSR representative to the International Congress of 
Rheology (ICR). 
 
Council encourages members who have ideas about promoting rheology more 
widely and who seek financial support to contact Simon Cox to discuss whether the 
idea may be eligible to access the Rheology Engagement Fund. 
 
Council encourages members who would like to organise a Non-Newtonian Club 
Meeting to contact Simon Cox.  These events are typically 1-day meetings and will 
be supported by BSR to ensure that there is no registration fee (important when in-
person everts return). Increasing the range of people organising meetings can help 
us cover a wider range of rheological topics and give opportunities to a wider range 
of speakers. 
 
Discussions were held on whether the membership renewal date should be “rolling” 
or remain fixed at 1st October.  Rolling renewal has many advantages in spreading 
loads throughout the year and may be enabled should there be a change in web 
services provider. 
 
Simon attended the ESR council meeting and reported the Weissenberg award will 
now be awarded every year (although not clear what happens on ICR years) and 
rheologists from anywhere in the world are eligible. It has not yet been confirmed if 
AERC, Seville will be online of face to face.   
 
Phil Threlfall-Holmes (Treasurer) reported that the BSR finances remain healthy and 
in surplus.   
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Claire proposed a new “BSR Carers Grant” to cover care costs that may be incurred 
as a necessary consequence of a member attending a rheology meeting.  Andrew 
Clarke (Web Editor) is keen to have the back issues of the BSR Bulletin uploaded to 
the Website and has included an article search function for digital bulletin copies by 
extracting a title and authors list.   
 
The September NNC (organised by Mónica Oliveira) on 17th September 2021 - 
“Rheology of Multiphase Systems: Bubbles, Drops and Particles” - was very 
successful with 230 registrations and nearly 140 attendees at each session (and even 
attendees from New Zealand).  Delightfully, there as a perfect academic-industry 
and male-female balance amongst the 6 speakers. 
 
The BSR Mid-Winter Meeting will be held online (Zoom most likely because of its 
broad familiarity) w/c 10th January 2022.  Organisers are Andrew Clarke and 
Andrew Howe and, in addition to Award Lectures, the likely theme will be around 
rheology of concentrated suspensions. 
 
Manlio Tassieri (Membership Secretary) reported that BSR counts 13 Council 
Members, 81 Honorary, and 154 Members; for a total of 248 Members. 
 
Richard Thompson (Bulletin Editor) encourages and welcome submission of 
articles! 

Andrew Howe, September 2021 
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Towards a continuous manufacturing 
strategy for complex oral health 

formulations 
 

Simona Migliozzi 
Department of Chemical Engineering 

University College London 
 
 
The conversion of traditional batch operations into continuous processes represents 
an important goal towards process intensification. The rigorous design of continuous 
manufacturing operations poses several challenges, especially for processes 
involving complex fluids, whose rheological properties change during processing. 
The scope of this thesis was to provide a new approach for the development of a 
continuous process aimed at the production of a non-aqueous Carbopol gel used in 
oral health formulations, based on the understanding and detailed exploration of the 
rheological properties of the materials and of the physical interactions among its 
components.The dissertation addressed two main challenges related to the process: 
(i) in-line mixing of complex liquids and (ii) control over the Carbopol gelation. 
First, the impact of complex rheological properties on the mixing stage was 
investigated experimentally and numerically. Concentrations maps, obtained at 
different mixer lengths via Planar Laser Induced Fluorescence (PLIF) experiments 
and Computational Fluid Dynamics (CFD) simulations, revealed that mixing of 
viscoelastic fluids reduces when the elastic rheological response becomes 
significant. Independently of the mixer geometry, clear deviations from the 
Newtonian benchmark were observed as soon as the Deborah number exceeded 
unity (Fig.1), revealing the onset of viscoelastic instabilities induced by an increased 
solid-like response of the material to changes of the shear rate field. Different 
transitions were observed as the mean flow rate increased, the nature of which 
appeared to be influenced by both the rheological properties of the fluid and the flow 
field induced by the complex geometries considered. 
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Figure 1. Experimental (from PLIF) and numerical concentration maps of two 
liquid streams (black and white) after Ne = 1, 4 and 8 elements of the SMB-R 
mixer; Newtonian case (first two rows from the top) and Viscoelastic case (bottom 
row). 
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To prevent these effects and control the evolution of the rheological properties over 
the entire process, the kinetics of the gelation process were investigated via time-
resolved rheometry and UV-Vis spectroscopy. This study yielded insights into the 
mechanism of gelation (Fig.2), leading to a kinetic relation to describe the time-
evolution of the linear elastic properties of the Carbopol matrix in non-aqueous 
solvents. 

To link the kinetic findings with the evolution of the flow properties, the rheological 
properties of Carbopol dispersions and the impact of different solvents on the 
swollen configuration of the microgels were further investigated. In the presence of 
co-solvents, the kinetic aspect of the swelling process is critical in determining the 
final swollen state. Overall, the results highlighted the possibility of treating, from a 
rheological perspective, Carbopol gels as fully packed suspensions of soft elastic 
particles, independently of the solvent used, and a generalized scaling behaviour of 
the flow properties could be retrieved as function of the particle volume fraction. 

Figure 2. Evolution of the normalised storage modulus (left-hand axis) and of the absorbance 
(right-hand axis) during the gelation process. The trends suggest a diffusion-controlled process, 
where the particles are progressively swollen through the diffusion of solvent in the crosslinked 
structure of Carbopol. 
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Finally, the scaling laws and the kinetic model were implemented in a CFD model 
to enable the simulations of the gelating flow in different operating conditions 
(Fig.3). By exploiting fundamentals of reaction engineering, the approach allows 
incorporating the kinetics of gelation with the inherent changes of the rheological 
properties induced by the gelation itself, thus providing a simple and cost-effective 
solution to achieve a more detailed design of the new process. 
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Figure 3. Scaled flow curves of the Carbopol dispersions (left). For all solvents used the curves collapse 
onto two branches, one above and one below the jamming point. The scaling law can be used, together 
with the kinetics of gelation, to model the gelating flow. The approach was tested in the case of a steady-
state laminar flow in a circular channel. An example of the results obtained is shown on the right, where 
the radial profiles of volume fraction of the swelling Carbopol particles (𝜁𝜁) and the corresponding 
velocity profiles are reported at different residence times, for two different inlet velocities.  
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Exploiting Rheology to Understand the 
Mechanical Properties of Multi-layered 
3D Printed Hydrogel Systems 
 
Ana M. Fuentes Caparrós 
University of Glasgow 
 
Hydrogels are present in our everyday life: electronic devices, hygiene products, 
water purification systems, biomedical sciences, and so on. The characterisation of 
the mechanical properties of such class of soft material is key in determining whether 
these materials are potentially suitable for specific applications.  Hydrogels used for 
tissue engineering, for example, are committed to 3D scaffolds that mimic the 
natural extracellular matrix, which supports cell adhesion, migration, differentiation 
and proliferation. As such, there is special interest in the study of the mechanical 
properties of hydrogels. Over the last few decades, 3D (bio)printing has emerged as 
a promising technology to construct biomaterials over layer-by-layer deposition with 
precise shape, structure and architecture of target tissues and organs. Thus, a wide 
range of hydrogels have been reported to be suitable for 3D printing. In most cases, 
the mechanical properties of such hydrogel’s candidates are assessed before the 3D 
printing process, with little if any rheological characterisation of the gels after they 
have been printed. Thus, it is normally assumed that the resulting mechanical 
properties of the printed materials are not affected by the printing process. This lack 
of measuring post-printing is undoubtedly due to the difficulty in carrying out such 
measurements. Furthermore, the mechanical properties of hydrogels are normally 
measured using traditional shear rheology, which needs millilitres of sample and 
assesses the bulk properties of the material. However, very often in biology, for 
example, the volume of gels samples for rheological characterisation is limited. As 
such, their characterisation using traditional shear rheology is restricted. 
Furthermore, it is important to not only measure the bulk mechanical properties, but 
also interpret the properties of hydrogels at a smaller length scale, especially if they 
are to be used in biomedical sciences. 
 
In my thesis, I focused on developing rheological methods to characterise multi-
layered hydrogels for 3D printing technology as well as finding a way to characterise 
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the mechanical properties of hydrogels at multiple length scales. Specifically, we 
used traditional shear rheology and cavitation rheology to assess the mechanical 
properties of a series of hydrogels at the mm and µm scales respectively (Figure 1).  

 
We analysed the quantitative relationship, ksc, to interconnect between both 
rheological techniques. ksc was assessed for gels with different microstructures and 
we found that the resulting values were dependent on the type of microstructure 
present in our gel. The resulting measurements showed that cavitation rheology 
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gives a greater insight into the networks that have been formed as compared to bulk 
rheology where the slight differences in absolute moduli are difficult to interpret.  
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Furthermore, we developed a rheological method to characterise the mechanical 
properties of multi-layered hydrogels with a high degree of control. We demonstrate 
that not only the mechanical properties of individual layers within a multi-layer gel 
system can be measured, but also the contribution of each layer to the combined gel 
can be assessed as well as the contribution of the neighbouring layers (Figure 2).  
Lastly, we demonstrated the effect of 3D printing on the mechanical properties of 
the resulting multi-layered hydrogels (Figure 3). 
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BSR AWARDS 
 

Undergraduate Summer Research Bursaries  
 
Nature of Bursaries 
The purpose of the bursaries is to give experience of research to undergraduate 
students to explore the potential of becoming a researcher and to encourage them to 
consider a career in rheology. Two such awards will be granted in 2022. The 
bursaries provide support for the student at a rate of £200 per week for a period of 
between 6 and 8 weeks if full time. Applications from students wishing to work part 
– time will also be considered. The awards will be transferred to the successful 
applicant’s Institution; it is the responsibility of the applicants to inform their 
respective administrative departments of the award. 
 
The closing date for receipt of applications is 5pm, Friday 25th February 2022. 
Successful candidates will be informed by end of March. 
 
Eligibility  
Students may only take up the bursary during the summer vacation between the 
intermediate years i.e. students must have completed their second year of their 
undergraduate degree. Students in the final year of their degree intending to 
undertake a taught Master’s degree immediately following their undergraduate 
degree may apply. Applications on behalf of first-year undergraduate students will 
not be considered.  
 
Researchers in rheology at universities and research laboratories in industry within 
the UK are eligible to apply. A supervisor may support no more than one student 
application. Priority will be given to projects supervised by postdoctoral researchers 
or early career academic staff. Students will normally be expected to be on track for 
a first-class or upper second-class degree in order to be considered. Students must 
be registered at a UK institution for the majority of their undergraduate degree.  
 
Supervisors and students do not necessarily have to be based at the same institution, 
however we expect that they will work together at the same institution for the 
duration of the project and have regular meaningful personal contact (an average of 
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1 hour per week meeting in person is the minimum expected). Bursaries will only be 
granted for the student named on the application form; awards are not transferable 
between students.  
 
How to apply  
The completed application form should be emailed by the student applicant to the 
BSR secretary at secretary@bsr.org.uk, by the above deadline. A bonus payment of 
£100 will be made on receipt of a report (word format) suitable for publication in 
the Bulletin of the Society. 
 

*New* BSR Carer Grant 
Purpose 
The purpose of the BSR Carer’s Grant is to enable parents and carers to attend 
conferences and other research schools, meetings or visits by making a 
supplementary contribution towards caring costs. The BSR will award up to £250. 
 
Eligibility 
Applicants must be a member of 9 months standing and may only apply for one 
carer’s grant in any 12-month period. You may apply for a travel grant 
simultaneously.  
 
Application 
Submissions should include your name, position and organisation, and a short 
summary of the activity to be supported. Please explain how this activity will support 
your research and include a break-down of the projected costs. 
 
Applications should be sent to the Secretary (secretay@bsr.org) and must be 
received at least 1 month prior to the activity. Up to a maximum of 4 grants will be 
granted per annum. Payment of the award will be made on the receipt of a short 
report suitable for the Bulletin of the Society. Advance payment may be made in 
certain circumstances; please send enquiries to the Secretary. 
 

Vernon Harrison Award 
The British Society of Rheology welcomes applications for the Vernon Harrison 
Award for the most distinguished PhD thesis in rheology. The aim of this award is 
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to recognise excellence, creativity and novelty in research. It will be awarded to the 
postgraduate student who, in the opinion of the adjudicating committee, has made 
the most original and significant contribution to any branch of rheological research 
(experimental, computational or theoretical) leading to the award of a PhD degree in 
a given academic year. This prize is partly supported by the Vernon Harrison 
Bequest.  Deadline for receipt of applications is 30th September annually. 
 

BSR Annual Award 
The Annual Award is intended to recognise a significant contribution to rheology, 
either through a single paper (in which case a group of co-authors can receive the 
award) or more sustained activity of a single individual. The Award is decided based 
on scientific merit. Long service is not a factor, and nominations of early career 
scientists / research workers are welcomed. The final decision is taken by the 
Council of the British Society of Rheology. If, in a given year, there is no suitable 
nominee, then the Award will not be given.  Deadline: 31st July annually 
 

BSR Student Travel Awards 
The British Society of Rheology seeks applications for travel awards from its student 
membership, with the objective of encouraging students to disseminate their 
research.  Travel awards are available to student members of the Society to present 
their research by paper or poster at a conference that contains a strong rheological 
element. The awards are expected to supplement existing sources of funding that 
would not cover the whole cost of attending the conference on their own. Suitable 
meetings include the Non-Newtonian Club in September and the Mid-Winter 
Meeting in December. 
 
Applications for a travel award should be sent to the Secretary 
(secretary@bsr.org.uk). Submissions should include the name and location of the 
conference, the title, authors and abstract of the paper submitted to the conference, 
a breakdown of the projected costs of attending the meeting and a brief supporting 
letter from the research supervisor. The support of the British Society of Rheology 
should be mentioned in the conference presentation, and the Society's logo may be 
used for this purpose. Payment of the bursary will be made on receipt of a conference 
report suitable for publication in the Bulletin of the Society. 
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BSR Early Career Travel Award 
The purpose of the BSR Early Career Travel Award is to assist early-career 
researchers with disseminating rheological research and building their research 
network by either supplementing travel to a national/international conference, or 
supplementing funding for a short research visit. Research visits that connect 
academia and industry are especially encouraged. 
 
BSR will award up to £150 for UK-based and £300 for European-based conference 
travel, and up to £500 for conference travel in the rest of the world. In the case of 
research visits (or combined conference and research visit), BSR will award up to 
£500 for UK-based and £1000 for non-UK-based research activity. 
 
Eligibility 
Applicants must be a BSR member of at least 9 months standing. 
 
This travel award is intended to assist those in the “early stage” of their careers; that 
is an academic post-doctorate position, transitioning to an established independent 
researcher, or new to an industrial role.  (PhD students, please see student travel 
award.) 
 
There are no eligibility rules based on years of post-doctoral experience or whether 
the applicant holds a permanent position. Consideration will be given to applicants 
who have taken a non-standard career path after their primary degree. Applications 
are also welcomed from candidates who wish to re-establish themselves after a 
career break or any other period of absence from active research. 
 
Please note applicants may only apply for one travel award in any 12 month period. 
Individuals may receive no more than one award within a 3-year period. 
 
Application 
In the case of conference travel, submissions should include the name and location 
of the conference, the title, authors and abstract of the paper submitted to the 
conference. The support of the British Society of Rheology should be mentioned in 
the conference presentation, and the Society's logo may be used for this purpose. 
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In the case of a short research visit, submissions should include the name and 
location of the host institution/company, and a short synopsis of the intended 
research. 
 
Applicants should justify why they consider themselves an “early-career” researcher 
in their submission.  
 
A breakdown of the projected costs and a brief supporting letter from the head of 
school/line manager (and the host institution/company in the case of a research visit) 
should also be included. 
 
Applications will be judged on the following criteria: 
1. Scientific excellence in the area of rheology, including theory and application.  
2. Benefits to applicant's career progression. 
 
Applications should be sent to the Secretary (secretary@bsr.org.uk). Applications 
must be received at least 1 month prior to conference travel and 3 months prior to a 
research visit. Up to a maximum of 4 awards will be granted per annum.  
 
Payment of the award will be made on receipt of a report suitable for publication in 
the Bulletin of the Society. 
 
 
 

Claire McIlroy 
BSR Honorary Secretary 
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Industry News 
 
NETZSCH have recently launched their NETZSCH online academy (NOA) e-
learning platform. With over 150 courses offered and new courses being added 
regularly, the platform can start with learning basics of instrument use through to 
understanding measurement of specific applications and advanced techniques. With 
10 languages and a variety of user levels you can enjoy flexible learning that is fully 
adaptable to your training needs.  
 
NOA training courses are created by experienced specialists in the field of thermal 
analysis and rheology. In-line with your professional development, training 
certification is provided upon course completion. To learn more, watch the video on 
the website page highlighted below. 
 
The rheology section is rapidly growing with 50 courses to currently choose from, 
you can enrol and start watching content for free via this NOA page: 
 
 

 
NOA - NETZSCH Online Academy - NETZSCH Analyzing & Testing (netzsch-
thermal-analysis.com) 
 
 



 
 

 
 

CONFERENCE DIARY 
 
 

2022 CONFERENCES & MEETINGS 
April 

Date tbc 
BSR AGM 

12-14 Jan 
2022 

Cambridge 

Midwinter meeting – Particles, Emulsions and Gelation- 
controlling the rheology of concentrated colloidal systems. 

26-28 April Annual European Rheology Conference (AERC), Seville. 
Dec/Jan 
Durham 

Midwinter meeting – details to follow 

2023  
17-19 July 
Liverpool 

UK Colloids, Liverpool 
https://www.bsr.org.uk/conference/uk-colloids-2021-49/ 

29 July  
– 4 Aug 

ICR 2023 International Conference on Rheology, Athens. 
https://www.hsr.gr  

2024  
April Annual European Rheology Conference (AERC), Leeds 
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