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 Polymer blends and nanocomposites are extremely important to the plastic industry due to their ability to 

synergistically exhibit properties superior to their forming components. They are multiphase polymeric materials, 

having properties that depend on their morphology, which in turn, is a result of their evolution during processing. 

These morphologies and their evolution under controlled flow can be analyzed quantitatively by fitting 

constitutive equations to their rheological behavior. The rheological characterization in the linear viscoelastic 

regime (LVE) enables a quantitative analysis of the morphology, whereas, in the nonlinear viscoelastic regime 

(NLVE), it provides information on its evolution during processing. This lecture will present the work we have 

conducted on the use of rheology to characterize and control the morphology blends and nanocomposites. In 

particular, it will be shown how rheology can be employed to optimize the use of compatibilizers that are normally 

used in immiscible blends [1,2], to understand the evolution of the morphology of clay containing nanocomposites 

under controlled flow [3-5], and to optimize the properties of electrically conductive nanocomposites [6,7]. These 

controls are essential to optimize the properties of these materials turning them even more economically 

advantageous.  
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The non-linear flow properties of complex fluids through porous media give rise to multiphase flow 

displacement mechanisms that operate at different scales, from pore-level to Darcy scale, leading to substantial 

increase in the volume of oil recovered.  The mechanisms responsible for increasing oil production in different 

EOR methods are not fully understood. 

 

Macroscopic behavior of oil displacement flow in porous media is directly related to pore-scale phenomena. 

Therefore, it is important to study the porous media flow on the microscopic level with the purpose of 

understanding, modeling, and predicting the macroscopic behavior during oil production. Experimental studies 

of flow in porous media at the pore scale allow the direct flow visualization employing two dimensional (2D) 

micromodels and optical/fluorescent microscopy and, more recently, three dimensional (3D) micromodels, 

especially with nuclear magnetic resonance (NMR), x-ray micro-CT and confocal microscopy.  

 

This work presents experimental analysis of the microscale flow of different complex fluids, including polymer 

solutions, emulsions and foams through porous media micromodels, which reveals the physical mechanisms 

associated with the improved pore level displacement efficiency and lower residual oil saturation.   
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1. Abstract 

The properties of plastic products are determined by their structure and morphology, which are dependent on 

the rheological behavior of the polymer melts during the complex flows that occur in most processing operations, 

such as extrusion, injection molding, thermoforming, blow molding and others. In this presentation, we will 

highlight the critical role of rheology in two recent significant developments in polymer processing technologies, 

those of (1) extensional-driven mixing of polymeric systems in extrusion and (2) continuous micro-layering of 

tubular structures.  

The dispersive mixing capability of twin-screw extruders (TSE) is hindered by the fact that standard kneading 

elements (KE) impose a shear-dominated flow and, thus, suffer from limited ability to effectively disperse highly 

viscous disperse phases, be they polymeric or solids, in a polymeric matrix. Extensional flows, on the other hand, 

suffer from no such limitations and are theoretically capable of providing much improved dispersive mixing. 

However, attempts to perform extension-dominated mixing in extrusion operations have been few and far in 

between, with decidedly underwhelming results. Herein, a new type of extensional mixing element (EME) for 

single-screw extruders (SSE) and intermeshing TSEs will be presented and its efficiency in improving dispersive 

mixing significantly when compared, with nanoparticles of different geometries with standard two-lobed KEs will 

be demonstrated. In particular, we will show that the EMEs are highly efficient mixers for a number of systems, 

including immiscible and compatibilized polymer blends and polymer nanocomposites (0D, 1D and 2D). We will 

also demonstrate that by extending the EME concept to use in SSEs, it is also possible to significantly improve 

their dispersive mixing capability (a known shortcoming of SSEs), to the point the mixing levels become similar 

to those of TSEs equipped with standard KEs. 

Continuous layer multiplication co-extrusion, able to yield structures with thousands of micro- and nan-scale 

layers is a process of substantial academic interest and achievement and one of proven industrial application. The 

industrial adoption of the process has primarily been in the realm of specialty and advanced products in film 

geometries for applications such as UV control and strength in windows, decorative coatings for marketing and 

aesthetics, and barrier applications for control of packaging environments. Recently, our group expanded the 

processing realm into annular geometries and has begun to demonstrate the functional application of such 

products. To date, novel layered foam tubing has been processed that could show potential strength improvements 

to light weight piping. Additionally, mechanical strength improvements of layered pipes having weld lines have 

been demonstrated with the implementation of the technology of die head rotation in conjunction with layer 

multiplication. Most recently, the translation of this technology to the area of extrusion blow molding has been 

accomplished by the creation of the first-ever bottles containing 129 different layers. 
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Abstract 
Field-responsive materials are expected to lead to great advances in different areas of technological developments, 
such as medicine, robotics, printed electronics, water treatments, etc. These materials are typically composed of a 
dispersion of functional nanoparticles, e.g ferrite, graphene, MoS2 or hBN, in a carrier fluid, which can be a 
biofluid, a polymer solution or an organic solvent [1-3]. One of the key features of these materials is that the 
application of an external field allows for remote control of the material properties and functions [4]. Therefore, 
measuring their material functions by means of a thorough rheological characterization is of paramount 
importance for the success of the final application [5]. Commercial rheometers are devices able to impose a set of 
standard flows, i.e. simple shear and elongational flows, with which one can fully describe the flow properties of 
any complex fluid [6]. The rotational rheometers can be equipped with electro/magneto-rheological cells, which 
allow the imposition of external electric/magnetic fields perpendicularly oriented to the flow direction; however, 
the extensional counterparts lack these add-ons. Consequently, only one-fourth of the total picture is commercially 
available for analysis. Recently, J. de Vicente and co-workers have developed a prototype of a magnetorheological 
cell for rotational rheometers able to impose an external magnetic field aligned to the shear flow [7]; although 
there is nothing yet similar regarding electrorheological cells for rotational rheometers, and they cannot be applied 
in simultaneous. At CEFT, we have developed a set of electro/magnetorheological cells that are suited for the 
Capillary Breakup Extensional Rheometer [8,9] and they can also be operated simultaneously [10]. Therefore, 
almost the whole picture of electro and magnetorheology can be covered at the macroscale (Figure 1a and 1b). In 
order to cover the empty gap in electrorheology, we have developed a set of microelectrorheometer that can be 
operated in the four possible configurations for the relative orientation between the electric and the flow fields 
(Figure 1c) [11]. 
 

a) b) 

   
Figure 1.a) Magneto and electrorheometry at macroscale; b) electrorheometry at microscale. 
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We investigate through direct numerical simulations (DNSs) the statistical properties of 

turbulent flows in the inertial subrange for non-Newtonian power-law fluids. The structural 

invariance found for the vortex size distribution is achieved through a self-organized 

mechanism at the microscopic scale of the turbulent motion that adjusts, according to the 

rheological properties of the fluid, the ratio between the viscous dissipations inside and outside 

the vortices. Moreover, the deviations from the K41 theory of the structure functions’ 

exponents reveal that the anomalous scaling exhibits a systematic nonuniversal behavior with 

respect to the rheological properties of the fluids. 
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Reliable and accurate prediction of complex fluids’ response under flow, or mechanical properties of soft materials 

in general are of great interest across many disciplines, from biological systems to manufacturing. The challenges 

include solving non-trivial time and rate dependent constitutive relations to describe these structured materials 

under various flow protocols, and in correlating constituents of a complex material to its rheological behavior. On 

the other hand, advances in data-driven approaches to material design and discovery promise a leap in accelerated 

design cycles for new materials. I will present Rheology-Informed Neural Networks (RhINNs) as a general 

platform for prediction of rheological behavior in complex fluids. This includes a neural network architecture 

capable of solving Ordinary Differential Equations (ODEs) adopted for complex fluids, in forward and reverse 

problems, as well as a multi-fidelity approach in which scarcity of experimental data is compensated by readily-

available model predictions to train the machine learning platform. The proposed RhINNs are presented as a 

unified platform for prediction of rheological properties, with unprecedented accuracy and efficiency. This is done 

by ensuring that the main physical governing laws of the system are respected by the machine learning platform. 

Finally, I will show the results of our hybrid RhINNs platforms as “digital rheometer twins” that can be used in 

place of a physical rheometer. 
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Water injection is generally used to maintain the reservoir pressure and displace oil towards the producing wells.  

Because of the high mobility water-oil ratio, the displacement front is not uniform and a large volume of the 

reservoir is not reached by the displacing fluid.  Moreover, oil is trapped as ganglia by capillary forces even in the 

areas swept by the water phase. 

 

The addition of polymer in the injection water aims at increasing the aqueous phase viscosity, reducing the water-

oil mobility ratio, and consequently, increasing the sweep efficiency. Besides reducing the mobility ratio, 

viscoelastic polymeric solutions can contribute to a better oil displacement in pore-scale, reducing residual oil 

saturation. This pore-scale mechanism is not fully understood. The present work evaluates oil recovery factor after 

the oil displacement process by a brine, a polymeric solution of partially hydrolyzed polyacrylamide (HPAM), 

and glycerin solution, in Bentheimer sandstone cores.  

 

The results reveal the effect of viscoelastic forces on the reduction of the remaining oil saturation and therefore 

can be used on the determination of the optimum rheological properties of polymer solutions to be used in oil 

recovery operations. 
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1. Introduction 

Landslides are complex events and may evolve into the flow of a soil suspension in different consistencies. Among 

these types of destructive mass movements, we highlight large scale landslides, as observed in Recife-PE [1] and 

in the Mar Rigde-RJ [2], besides the flow failure of tailings dams in Mariana-MG [3] and Brumadinho-MG [4]. 

The area affected by landslides is related to the thickness of the released material, the topography and the 

rheological behaviour of the flowing materials [5], [6]. 

Usually, in the most destructive accidents involving landslides the failures cause liquefaction and flow of the 

released material – that usually occurs due to seismic waves or lateral deformations. The strain sweep test, than, 

may represent the rheological moment of the material’s release after the failure, due to the imposing of strain 

increase during tests [7]. One way to evaluate the rheological behavior is the simplified qualitative analysis of the 

senoidal oscillatory curves obtained during this test by the Lissajous-Bowditch (LB) parametric curves [8], [9]. 

This paper, therefore, proposes to use three different materials – bentonite, kaolinite and iron ore tailings – to 

understand the rheological behavior of these materials during flow.  

2. Methodology 

In this study, the strain sweep tests were performed between 0.0001 and 10 in one frequency (1 Hz). To better 

understand the difference in behavior, it was used bentonite, kaolinite, and iron ore tailings with similar particle 

sizes distribution (1-20µm). These materials are associated with different geotechnical behaviors [7]. The 

suspensions were evaluated at similar volumetric solids content, 33%, 36% and 36%, respectively. The LB curves 

were generated from the raw data of the imposed strain and resulting stress and analyzed in the Pipkin diagram 

[10], by frequency (𝜔) and maximum imposed strain (𝛾0). 

3. Results 

 

The results show the difference in rheological behavior of the bentonite, kaolinite and the iron ore tailings. All 

materials present an ellipsoid profile at lower deformations. With the increase of strain, the curves transform into 

more circular (indicating viscous behavior) or square (indicating plastic behavior). 

The strain stiffening behavior is present in the medium amplitude region for all materials, but it is more evident 

for the tailings.  
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Although there are many studies concerning viscoelastic fluids, it remains a challenging subject in the field of 

polymer rheology to determine the most suitable model and parameter set to describe the rheological behavior 

of a given viscoelastic fluid under a real flow. Thus, this work presents a methodology for the parameter 

estimation of nonlinear terms of the Giesekus and Exponential Phan-Thien-Tanner (EPTT) differential 

constitutive models implemented in the viscoelasticFluidFoam solver available in the OpenFOAM software. 

This work used a high-density polyethylene sample to obtain molten characteristics under processing conditions. 

Thermal gravimetric (TGA) and differential scanning calorimetry (DSC) analyses were performed on the 

sample to determine the test temperature. A MultiPass Rheometer with the optical module was used to acquire 

flow-induced birefringence images of the sample at 160 and 170°C through slit-die geometry with 1.5 mm 

length. The bright and dark fringe patterns observed in these images were related to the stress field during the 

flow. In the region of constant pressure drop, the principal stress difference (PSD) module profile was 

determined along the flow centerline for three flow speeds with the open-source GNU Image Manipulation 

Program (GIMP). Moreover, a small amplitude oscillatory shear (SAOS) experiment was obtained in a 

rotational rheometer and capillary rheometry data for the relaxation spectrum estimation. All data were inserted 

in a derivative-free optimization routine implemented in language C coupled to the OpenFOAM for the 

parameter estimation of nonlinear terms of the constitutive models. The two-dimensional flow simulations with 

the Giesekus and EPTT models with five relaxation modes were performed in the viscoelasticFluidFoam solver, 

available in the OpenFOAM, an open-source software for computational fluid dynamics (CFD). The 

computational mesh to represent the slit-die geometry used in the experiment was obtained in the 

BlockMeshDict with symmetry condition and contained 81000 hexahedral elements and established 

convergence. The results, obtained by computational simulation using the Giesekus and EPTT models, 

presented a good agreement with the experimental data, mainly in predicting the shear thinning behavior and in 

the stress field obtained from the birefringence images. It is worth mentioning that estimating parameters 

simultaneously with computational fluid dynamics requires a great computational effort. Thus, the routine 

should be implemented in parallel computing for studies of more complex models or using a higher number of 

relaxation modes. 
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Polymer flooding is an enhanced oil recovery (EOR) method. Water-soluble polymer, for example partially 

hydrolyzed polyacrylamide (HPAM), is added to the flooding water to improve the mobility ratio by increasing the 

viscosity of the displacing water. However, the polymer molecules break up when flowing through a porous medium, 

which reduces the average molecular weight and, therefore, induces a significant loss of polymer viscosity. 

Consequently, this reduces its displacement efficiency. It has been demonstrated that incorporating silica nanoparticles 

into HPAM solutions can decrease the degradation of polymer solutions and protect the molecule chain by controlling 

the breakdown of the polymer molecule during polymer flooding. 

This study evaluated the influence on the rheological properties of coupling various concentrations of silica 

nanoparticles into low molecular weight HPAM polymer solutions before and after mechanical degradation. The 

degradation is done by flowing the nanopolymer solution at variable rates through a constriction valve. We evaluated 

the shear viscosity differences between non-degraded and degraded solutions using rotational rheometry. Besides, we 

determined the viscoelastic properties using a Capillary Breakup Extensional Rheometer (CaBER). Although the 

addition of nanoparticles had a negligible effect on the viscosity of the non-degraded solutions, it maintained the shear 

viscosity value of the degraded solutions. In addition, the extensional viscosity tends to increase with Hencky 

deformation. This could be the result of the interaction between the nanoparticles and the polymer chains leading to 

the development of a more robust interparticle network structure. 
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Rheological characterization of liquid interfaces is an important and complex issue in many two-phase systems 

used in different applications: cosmetics, food, petroleum industry, chemistry, and pharmacy. Drop shape 

tensiometry (DST), also called axisymmetric drop shape analysis (ADSA), makes it possible to relate the curvature 

of a drop to its interfacial tension (IFT) thanks to the Young–Laplace equation. The quantification of the 

viscoelastic behavior of the interface can be obtained by small periodic contractions and expansions of the 

interface at a given frequency. Interfacial dilatational rheology defines the functional relationship between the 

stress, the deformation, and the rate of deformation in terms of the coefficients of elasticity and viscosity. It is 

important to note that for systems dominated by adsorption/desorption, the contributions of extra mechanical 

stresses are negligible, thus the Young-Laplace equation remains valid. However, interfaces dominated by extra 

stresses, as in the case of particle monolayers or asphaltenes that clearly exhibit a skin (a rigid film), the nature of 

the elastic response is fundamentally different and the validity of the equation is questionable. 

 

The goal of this work is to introduce a dimensionless geometric parameter of the drop, RV/A (see Figure 1), 

that does not require measurement of the IFT to determine the accuracy of the rheological characterization of 

complex interfaces [1]. It measures the deviation of the drop shape from purely Laplacian. For a drop of oil in 

water, RV/A is typically about 1.41, quite close to the theoretical value of 1.5 for a perfect sphere (Figure 1). This 

value is obtained for all sorts of experiments with pure liquids or with surfactant solutions. Nevertheless, if the 

molecules adsorbed at the interface begin to interact strongly, the shape of the drop after perturbations can be very 

different from a sphere as seen before in Figure 1. The deformation of an elongated cylindrical drop makes RV/A 

tend toward 2. 

 

 
Figure 1: Definition and illustration of the geometrical parameter RV/A of a drop according to its interfacial behavior. 

The cases of simple interfaces when the drop is quasi-spherical and complex interfaces when the drop 

lengthens and becomes quasi-cylindrical will be studied. We will show how this parameter can be used to 

characterize the appearance of complex structures at the interface but also how it also makes it possible to assess 

the loss of the Laplacian behavior of the drop profile. 

 
[1] A. Hutin and M. S. Carvalho, Use of a geometric parameter for characterizing rigid films at oil-water interfaces. Langmuir 2022, 38, 
33, 10139–10149. 
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High contents of wax were identified on many pre-salt crude oil samples, which indicates potential gel formation 
at low temperature. This condition is typically reached during production shutdown [1]. Thus, the study of gel 
formation and its yield stress is essential to estimate the required pressure to restart the flow of these waxy oils. 
In this work, a rotational stress-controlled rheometer with a pressure cell using a Vane geometry was employed 
to estimate yield stress of a pre-salt crude oil sample and investigate the influence of natural gas on the gel strength 
at high pressure and low temperature test conditions. To simulate a quiescent cooling of crude oil in a subsea 
production line during production shutdown, an experimental procedure was developed, as follows: 15 min 
shearing at 60 °C, static cooling to 4 °C at -0.5 °C/min rate, and 1 h aging at 4 °C (Fig. 1A). Finally, the yield 
stress (σy) is measured by applying a logarithmic shear stress ramp from 1 to 1,000 Pa at 10 min/decade, until the 
gel brakes. The corresponding shear stress at the flow on-set point is defined as the measured yield stress (Fig 
1B).  

 
(A)                                             (B) 

Fig 1 –Experimental procedure for (A) cooling the sample and aging and (B) detail of yield stress measurement 
 
First, in order to establish a comparison point, tests were performed with the crude sample at atmospheric 
conditions (Fig. 2A). Then, natural gas at 200 bar was incorporated in the crude after 24h shearing at 60 °C before 
measuring σY. Using another crude sample, an equimolar mixture of natural gas and carbon dioxide was also used 
under the same conditions. At last, tests were performed with nitrogen gas at 200 bar, to evaluate only the pressure 
effect. The results showed that dissolved natural gas decreased the sample yield stress by 10 times. The same 
effects were observed for the gas mixture. On the other hand, nitrogen gas without incorporating it into the crude 
oil almost doubles the σY value (Fig. 2B). 

 
(A) (B) 

Fig 2 – Yield stress measurements at (A) atmospheric conditions and (B) under the effect of the gas. 
              
Those results show that the presence of different gases play a significant role in the crude oil yield stress value. 
Extensive data regarding rheological properties at high pressures are missing in the literature [2] and this study 
contributes to shedding some light on this regard. 

 
[1] K. Oh , K. Gandhi , J. Magda & M. D. Deo (2009) Yield Stress of Wax Gel using Vane Method, Petroleum Science and Technology, 
27:17, 2063-2073. 
[2] Amit Ahuja, Reginald Lee, Yogesh M. Joshi; Advances and challenges in the high-pressure rheology of complex fluids; 
Advances in Colloid and Interface Science; Volume 294, 2021,102472, ISSN 0001-8686 
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A material that possesses a specific strength, so does not yield into an irreversible flow below a certain applied 

stress, could be called a yield strength material. If the obtained shear component of the stress tensor [1] at a 

yielding point, varies depending on the procedure of applying stress, so it could not be considered as a unique 

yield point. Only when a stress that yields the strength of material is obtained independently of the experimental 

procedure, this yielding stress could be assumed as a unique parameter, and then we call it the yield strength as a 

material property. 

In the literature, a wide variety of methods has been applied for the measurement of so-called yield strength. 

Measuring the yield strength as a scalar representation of the shear component of stress tensor at a yielding point, 

can result in distinct values depending on the experimental procedure [3, 4]. And the measurement, besides being 

experiment-dependent, faces other series of challenges, including the role of time-dependency, shear banding and 

wall slip. 

The yield strength theoretically can be measured during a solid-to-liquid or 1iquid-to-solid transition [2].  The 

yield strength values obtained for solid-to-liquid or liquid-to-solid transitions, are commonly named static and 

dynamic yield strength, respectively. Static yield strength is usually estimated from creep tests, whilst dynamic 

one correspond to a stress extracted from a rheological model fitting to the flow curve as close as possible to zero 

shear rate.                                                                      

 In this work, comprehensive rheological investigations were designed for two time-dependent materials, i.e., 

a Carbopol aqueous solution as the slightly time-dependent material and a Laponite aqueous suspension as the 

highly time-dependent one. To control the irreversible effect of aging on the yield strength of Laponite suspension, 

we have aged this suspension for 347 days under regulated environment. In general, the investigation for both 

materials included three standard experiments: the flow curve to determine the dynamic yield strength; the creep-

flow tests to assess the static yield strength; and at the end, the constant shear rate tests to observe the stress 

evolution curves. Then, assuming the peak of stress evolution curves for each applied shear rate (the peak of stress 

overshoot humps) as the shear stresses at which the material's microstructure yields, we evaluate and correlate the 

tendency and positions of these yielding stress values from higher to lower shear rates with the discovered unique 

dynamic and static yield strength values. We show through a straight-forward experimental procedure along with 

controlling the influence of time-dependency, shear-banding and wall slip that the dynamic and static yield 

strengths are the strength parameters which could be measured as unique property of time-dependent materials 

under study at the laboratory condition. Also, we suggest that using these two parameters with defined 

experimental procedures, rescues us of vague general concept of yield strength without certain experimental 

procedure [3, 4] to determine it. 

 

References  
 

[1] Roney L Thompson, Luiz UR Sica, and Paulo R de Souza Mendes. The yield stress tensor. Journal of Non-Newtonian Fluid Mechanics, 
261:211219, 2018. 

[2] Paulo R. de Souza Mendes and Roney L. Thompson. Time-dependent yield stress materials. Current Opinion in Colloid & Interface 

Science, 43:15 25,2019. 
[3] Daniel Bonn, Morton M. Denn, Ludovic Berthier, Thibaut Divoux, and Sébastien Manneville. Yield stress materials in soft condensed 

matter. Rev. Mod. Phys., 89:035005, Aug 2017. doi: 10.1103/RevModPhys.89.035005.  

[4] P. C. F. Møller, J. Mewis, and D. Bonn. Yield stress and thixotropy: on the difficulty of measuring yield stresses in practice. Soft Matter, 
2:274 283,2006. 

 

 
 

diogo
Caixa de texto
BCR07



 
 

IX BRAZILIAN CONFERENCE ON RHEOLOGY 

 Utilization of power ultrasound during the production of BRS 

Carmem wine: rheological and physicochemical studies 
 

Bianca Guimarãesa, Maurício Bonatto Machado de Castilhosb, Javier Telis Romeroa 
aSão Paulo State University (Unesp), Institute of Biosciences, Humanities and Exact Sciences (Ibilce), CEP. 15054-000, São José do Rio 

Preto, São Paulo, Brazil.  

 bUniversity of Minas Gerais State (UEMG), CEP. 38202-436, Frutal, Minas Gerais, Brazil. 
bianca.guimaraes@unesp.br 

 

Grape is the most produced fruit around the world and it is the raw material of one of the most consumed drink 

(the wine). In order to meet consumer’s demand, producers need to provide stable, high-quality wines with their 

own color, flavor and aroma. Thus, the application of new methodologies and technologies to improve products 

and processes is necessary. It is in this context that the ultrasound is used. In wine production, ultrasound has 

provided several positive effects such as flavor intensification because it extracts phenolic and aromatic 

compounds, in addition to accelerating the wine maturing process. The influence of the utilization of power 

ultrasound (800 W) and time (60 min, 1s on and 4s off) during the production of wine will be investigated. The 

study of ultrasound influence was carried through the rheological behavior and the physicochemical properties. 

The objective is to determine if the ultrasound improve viscosity and extraction of compounds of BRS Carmem 

grape red wine. The Newton model fitted rheological behavior with high accuracy. The viscosity varied 

significantly with increasing temperature and ultrasound and, therefore, it is possible to affirm that the viscosity 

increased with the presence of ultrasound and decreased with temperature (Figure 1) [1]. Among the 

physicochemical properties evaluated, those wich varied significantly (p<0.05) with ultrasound application were 

sugar reducer, phenolic compound and FRAP (Table 2).  So far, ultrasound has been distinguished as an alternative 

technology in the production of wines, in relation to the control. However, the results didn’t always show 

significant difference (p>0,05) for the physicochemical analysis. Thus, it is possible to conclude that ultrasound 

application and temperature interfere, mainly, in the rheological parameters. 
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Figure 1. Viscosity as a function of temperature of wine (with and without ultrasound) 

 

Table 1. Physicochemical analysis without and with ultrasound application 

Ultrasound Physicochemical analysis 

 Alcohol 

content 

ml/L 

Dry extract 

 

g/L 

Sugar 

reducer 

g/L 

Phenolic 

compound  

mg/L 

FRAP 

 

mmol/L 

Glycerol 

 

g/L 

Without 10,92±0,31 28,74±0,70 3,48±0,10 1497,49±53,17 6,38±0,18 6,14±0,20 

With 10,88±0,38 28,65±0,73 4,21±0,11 1638,30±45,16 6,72±0,16 6,13±0,22 

p >0,05 >0,05 <0,05 <0,05 <0,05 >0,05 
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The use of unconventional osmotic solution in osmotic dehydration with sweeteners is increasingly standing out 

in the food industry due to the promising results and for obtaining products with caloric reduction. Sorbitol is one 

of the unconventional osmotic agents, has a sweetening power of around 60% of sucrose, is hygroscopic and has 

beneficial characteristics for the food industry such as: crystallization inhibitor, thickener, stabilizer, humectant, 

among others. Understanding the rheological behavior of the osmotic solution is essential for equipment design, 

pressure drop calculation and process improvement in the food industry. Thus, the objective of this work is to 

study the rheological behavior of the unconventional osmotic solution saturated with sorbitol. Solutions were 

prepared with distilled water and sorbitol (Sigma-Aldrich). Solubility was determined at temperatures 0, 5, 10, 

15, 20, 25, 30, 35, 40, 45 and 50°C with an experimental apparatus containing a jacketed glass cell, an 

ultrathermostatic bath (Marconi, model MA-184), thermometer and magnetic stirrer. The saturation point was 

reached when the presence of precipitate remained after 50 hours of agitation and 24 hours of sedimentation[1]. 

Steady-state flow were performed in triplicate on an AR-G2 rotational rheometer (TA Instruments, New Castle, 

USA) coupled to conical plate geometry (gap 52 μm, diameter 60 mm, angle 4°) and shear rate ranging from 0.84 

to 168.44 s−1. The rheological experiments were carried out under the same solubility temperature conditions. The 

solubility data had an increasing behavior with increasing temperature ranging from 65.82 to 81.10 g of sorbitol. 

100 g of solution-1. Newton, Bingham, Ostwald-de Waele and Herschel-Bulkley models were fitted to the 

experimental data. The flow curves were better described by the Newton model (R2≥0.997). The viscosity was 

determined and ranged from 0.48 to 3.73 Pa.s-1, showing a decreasing behavior with increasing temperature 

(Figure 1). With this, it is concluded that the saturated solutions of sorbitol presented Newtonian behavior with 

reduction of the viscosity with the increase of the temperature. 

 

 

Figure 1. Viscosity as a function of temperature of sorbitol saturated osmotic solution. 
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Emulgels are systems formed by the combination of emulsions and gels. These have some advantages as they are 

suitable for the release of hydrophilic and hydrophobic drugs for topical administration. They have good 

rheological and mechanical properties, being an important drug release system [1–3]. In this work, rheological 

analysis of three emulgels were performed. All containing propolis extract and passion fruit oil, differing only in 

the polymer composition. Formulations  F1, F2 and F3 were composed of Carbopol 934P®, Carbopol 974P® or 

polycarbophil, respectively. The rheological analysis of the formulations was evaluated using the MARS II 

rheometer (Haake®), in continuous flow mode, coupled with a cone-plate geometry, under a shear gradient from 

0 s-1 to 1000 s-1 (increased over a period of 150 s, held at the upper limit for 10 s, and then decreased over a period 

of 150 s). The systems were evaluated at 25 °C and 34 ± 0.1 °C [2,4]. Upward flow curves were analyzed using 

the Ostwald-de-Waele equation (Power Law), and the yield value was calculated using the Herschel-Bulkley 

model. The rheological analysis of a formulation allows the characterization of the system, facilitating the 

understanding of how it will behave when it behaves when removed from the packaging material, when a tension 

is applied for its extrusion, and even how it will behave when rubbed into the skin. The analysis also allows the 

understanding of the interactions between the components of the formulation and structuring, enabling the 

selection of a better system [3,4]. At the temperature of 25 °C the formulations had a non-Newtonian flow 

behavior, in which the stress and the shear gradient do not show a linear relationship. These can be classified as 

pseudoplastic, in which the viscosity of the formulation decreases as the shear rate increase, displaying flow 

behavior index (n) less than 1 for all of them. Formulation F1 displayed yield value, which shows that the 

formulation will only be extruded from the package after applying a force on the material. This means that at room 

temperature, the emulgel does not flow out of the package easily. Regarding the hysteresis area, the formulation 

showed a smaller hysteresis area, indicating a thixotropic behavior. However, formulations F2 and F3 showed 

greater area of tixotropy. At 34 ºC, the formulations maintained the non-Newtonian flow behavior, being also 

classified as pseudoplastic and with yield value. All formulations showed a decrease in the hysteresis area and 

formulation F3 was rheopetic. Therefore, the flow behavior of the formulations helped to understand their 

behavior during the preparation, as well as in the choice of the system of interest, which meets the desired 

characteristics for better applicability. 
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Abstract 

 

The physico-chemical evaluation of emulsions is key for anticipating stability problems during their 

development [1] and attempts of how the prototype will perform in vivo. Accordingly, 3 different cosmetics 

formulations with different solvent content and surfactant systems were evaluated.  

The samples were submitted to full stability tests, pH, viscosity analysis and physical-chemistry evaluation 

like rheology, particle size and microscopy, with normal and polarized light, linked with the performance on 

spreadability of the sample onto hair swatches by combing evaluation.  

 The rheological behavior of these cosmetic compositions were determined by strain sweep test, showing 

different behaviors such as, LVE region (linear viscoelastic), flow point and yield zone [1,2].  

The rheological behavior was linked to optical microscopy data, with polarized light, showing that the 

emulsion with different surfactant system present a significant amount of liquid-crystals. The presence of liquid-

crystals may impact positively the system [3] since the rheological behavior presented a higher LVE region [3,4].  

Furthermore, it became evident that the presence of solvents can influence the rheological stability [3] of 

the samples when linked to the heterogeneous micelles of specific size.  

All these different physico-chemical profiles did not interfere in how those three cosmetic compositions 

spread into the hair, since the combing analysis showed similar results and a same stability at 2 months. 

Despite significant differences in their rheological behaviors, in vivo evaluation will be conducted to 

understand their final performance with different composition.  
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Stable thin films are important for several applications such as in coatings, membranes and energy generation. 

Films formed by latex particles are obtained from the polymers’ glass transition temperature (Tg) and the 

continuity and homogeneity of films formed after the drying process of the dispersed phase depend on this 

temperature[1]. The particles self-assembly also depends on the nature of the surfactant used for the 

polymerization. There is a special interest to understand how reactive surfactants (surfmers) impact latex synthesis 

and the evaluation of film properties[2], which in this case the surfactant is polymerizable with the main chain of 

the polymer. The project aims to evaluate the rheological properties of the dispersed phase and how this can 

impact the film’s formation[3] and properties. We are especially interested in following the drying mechanism 

kinetics at a fixed temperature, evaluating the G’0  and η as a function of time. In this first experiment, we observed 

the influence of the particle size and the nature of the polymer and surfactant components of latex. Besides 

rheological experiments, images obtained by Scanning Electronic Microscopy (SEM) complement the results for 

the coalescence process of the latex.  

 

Figure 1 – Rheological data for the studied systems. Flow curve in A), which shows the influence of the 

constituents of latex particles in η. Variation of G’ as a function of time in B) for the system of butyl acrylate 

and conventional surfactant. 
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Pressure-Sensitive Adhesives (PSAs) are a high-application volume class of adhesives. PSAs guarantee an instant 

adhesion to the substrate, with only a little pressure, and later allow the debonding without damaging the substrate. 

In addition to having an inherent tack capacity, these materials must have viscous properties which will enable 

them to be easily molded in contact with the substrate, but also have an appropriate elastic behavior to resist 

debonding during use [1]. Thus, the viscoelasticity of a PSA is a determining factor for its application. Classic 

works determined viscoelastic parameters for the successful development of PSA. The Dahlquist criterion line 

establishes a storage modulus value (G' < 3x105 Pa) for good material formability within the bonding region (10 -2 

to 102 rad/s) [2]. Furthermore, the viscoelastic window (VW) established a four-quadrant concept to classify 

different types of PSA by correlating their viscoelastic properties to their application potential [3]. Currently, these 

criteria have been used to evaluate the development of new adhesives that use nanomaterials to obtain better tack, 

peel, and shear properties [4]. 

In the present work, we developed a PSA based on a block copolymer with kraft lignin (KL), a pulp and paper 

manufacturing natural polymer residue. KL presents one of its dimensions under 100 nm, its predominantly 

phenolic structure can selectively interact with the rigid domains of block copolymer, allowing the optimization 

of the adhesive rheological behavior. Figure 1a shows that PSA with KL maintains G' in the bonding region below 

the Dahlquist criterion. And the VW (Figure 1b) shows that higher concentrations of KL tend to establish the PSA 

in the second quadrant (Q2), suggesting a potential application as a high cohesive strength PSA. 

 

 

 
Figure 1. (a) G' and G'' against angular frequency and (b) viscoelastic window of PSA with KL 
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Polymer blends presenting a co-continuous morphology have raised more and more interest due to their potential 

application as conductive materials when used with electrically conductive fillers, such as carbonaceous 

nanoparticles [1-3]. Indeed, their use may enable a drastic reduction of the percolation threshold concentration, 

which corresponds to the concentration of nanoparticles above which the materials start to be electrically 

conductive [1, 4]. This is achieved when the filler is located within one of the phases or at the interface between 

the two polymers forming the co-continuous morphology resulting in a double percolation. However, during 

processing, the resulting composites are subjected to deformation, which can alter their morphology. Rheological 

tests may be used to probe such an evolution [5]. For that, the materials can be subjected to a sequence of small 

amplitude oscillatory shear (SAOS) tests, deformation, SAOS tests. The SAOS carried out in the linear 

viscoelastic region can be used to characterize the equilibrium morphology of binary blends [6-8] before and after 

deformation using known constitutive equations. Carrying out those tests enables one therefore to monitor the 

evolution of morphology during deformation [4]. 

In this work, a study of the linear viscoelastic properties of co-continuous polypropylene/polystyrene blends filled 

with multiwall carbon nanotubes (PP/PS/MWCNT) is presented. PP/PS/MWCNT composites with MWCNT 

concentration ranging from 0 to 5 wt.% were prepared by melt mixing and characterized rheologically, 

morphologically, and electrically. A test design involving a sequence of small amplitude oscillatory shear (SAOS) 

and a steady shear (simulating flow), or recovery step, was used to evaluate the morphology before and after 

applied deformation/recovery and evolution of electrical properties during applied deformation or recovery. The 

SAOS response was fitted to a YZZ model [9], that was modified to consider a contribution of filler network 

elasticity of filled composites to the dynamic modulus [4]. Electrical properties during steady shear or recovery 

were also evaluated using a rheometer coupled with an impedance-meter. The results obtained from both SAOS 

and SEM observations before any deformation indicated that, upon the addition of MWCNT, the characteristic 

domain size of co-continuous PP/PS/MWCNT decreases drastically, indicating that MWCNT refined the 

morphology. Using the modified YZZ model [4], it was shown that MWCNT could stabilize the morphology of 

a co-continuous blend once added at a certain concentration. The same behavior was observed for the electrical 

conductivity.  
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Polymer blends provide a simple approach to combine the advantages of different polymers, for example 

adhesiveness and environmental responsive behavior. Polymers are macromolecules able to carry different 

drugs based on their physicochemical characteristics. They have been extensively used in drug delivery 

approach, with the purpose of optimizing the administration of pharmaceutical active compounds. Therefore, the 

aim of this work was to evaluate the solution-gel transition temperature (Tsol/gel) of the binary polymeric 

system composed of 17.5% (w/w) of poloxamer 407 (P407) and 0.1; 0.2 or 0.4% (w/w) of sodium 

carboymethycellulose (CMC) or hidroxypropylmethylcellulose (HPMC). The systems were prepared by the 

incorporation of CMC and HPMC in purified water, at room temperature, under constant mechanical agitation. 

Then, P407 was added to the system and kept at 5 °C. After 24 hours, the formulation was stirred for 

approximately 10 minutes [1,2]. The Tsol/gel of the systems was determined using a controlled voltage and 

gradient MARS II rheometer (Haake®), in oscillatory mode with temperature ramp, and a 35 mm of diameter 

parallel cone-plate probe, separated by gap of 0.105 mm. Considering the Linear Viscoelastic Region (RVL) of 

each formulation, the temperature scan was conducted from 5 °C to 60 °C, with a gradual increase of 10 °C/min, 

at a frequency of 1.0 Hz. The elastic modulus (G') and the viscous modulus (G”) were determined using the 

program RheoWin 4.10.0000 (Haake®). The crossing of G’ and G’’ moduli was taken as the Tsol/gel [2,3]. The 

Tsol/gel usually depends on the concentration of the polymers and the presence of additives. Overall, the 

systems containing P407 and HPMC or CMC showed Tsol/gel close to the physiological temperature (37 °C) 

(Table 1). 

Table 1. Rheological gelling temperature (Tsol/gel) of formulations containing 17.5% (w/w) P407 and 0.1 (F1); 

0.2 (F2) and 0.4% (F3) (w/w) HPMC or 0.1 (F4); 0.2 (F5) and 0.4% (w/w, F6) CMC. 

  F1 F2 F3 F4 F5 F6 

T sol/gel (°C) 32.03 ± 0.07 32.35 ± 0.29 31.69 ± 0.50 35.51 ± 0.20 33.03 ± 0.12 31.37 ± 0.97 

  
Polymeric formulations containing P407/CMC showed higher Tsol/gel compared to systems containing 

P407/HPMC. The phenomenon is in good agreement with the literature, wich describes, for systems containing 

increased concentrations of cellulose derivatives, gelling temperatures of P407/ HPMC (4%, w/w) lower than 

P407/ CMC (1.5%, w/w) [4]. This is related to the greater interaction of the CMC with water, which generates a 

large volume to be dehydrated during the micellar packing of P407. The higher hydrophobicity of HPMC, 

compared to CMC, can also provide reductions in the degree of solvation of P407 chains in the dispersion, 

which consequently is seen as a relatively low Tsol/gel [4]. All formulations showed Tsol/gel below and close to 

body temperature, which makes them attractive candidates for the development of modified delivery systems 

capable of forming gels in situ, prolonging the pharmacokinetics of the drug dispersed inside. The determination 

of sol-gel transition temperature, was important for the selection of binary systems that could be administered in 

liquid form (Tsol/gel> 25 °C), gelling at temperatures close to body temperature (Tsol/gel< 37 °C) for 

pharmaceutical applications. Therefore, all the systems displayed suitable Tsol/gel for topical administration, 

being promising preparations for drug delivery systems, with Tsol/gel close to peripherical body temperature 

(34 °C). 
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1. Abstract. 

Dairy products have always been part of everyday life in various cultures and countries. They are produced and 

handled in various ways, and can be liquid, paste-like or solid. In special, condensed milk, a very important 

common product in gastronomy, especially for confectionery, suffers from rising prices. Therefore for economic 

and social reasons, the industries present formulations as affordable substitutes for condensed milk. The 

condensed milk mix is based on whey and additives such as starch and vegetable fat to resemble the texture and 

sensory characteristics of condensed milk formulations [1]. The present work aimed to study the 

characterization of two commercial dairy mixtures using rheological and microstructure analyses. Two 

commercial brands were used, and the samples were acquired in the local market of Maringa/PR. The rheometry 

of sweetened condensed dairy mixes (SCDM) was performed using a controlled stress rheometer (MARS II, 

Haake Thermo Fisher Scientific Inc., Germany) with parallel steel cone-plate geometry (C35/2° Ti) of 35 mm 

diameter and separated by a fixed distance: 0.105 mm. All the analyses were performed  at 5, 10, 15, 20, 25, 30, 

35 and 40 °C. The samples were carefully placed to the inferior plate, and allowed to resume their equilibrium 

for at least one minute before starting the analysis. At least three replicates of each sample were analyzed. Two 

curves were obtained in flow mode over shear rates ranging from 0 to 500 s
-1

 and 500 to 0 s
-1

. The up curve was 

measured every 150 s, kept at the high limit for 10 s and then decreased over 150 s..  The up curve was fitted by 

Oswald-de-Waele equation. Microstructural analysis was investigated using scanning electron microscopy [2]. 

Samples (1 cm
3
) were fixed in 2.5% glutaraldehyde and 0.1 M potassium cacodylate buffer at 4°C. After 

fixation, the SCDM was washed three times with saline-phosphate (PBS) buffer pH 7.2, followed by 

dehydration in ethanol series (30% - 100%), critical point-dried in CO2, sputter-coated with gold and observed 

using FEI Quanta 250. The study of rheological properties in samples showed  the flow curves and  the values of 

the flow behavior index calculated by Oswald-de-Waele equation; both samples showed shear-thinning flow in 

all temperatures.  The hysteresis areas of the samples were calculated and showed thixotropy in all temperatures. 

The higher the temperature, the lower the viscosity. Scanning electron microscopy images demonstrated a 

protein matrix network, with the formation of numerous irregularly shaped cavities distributed in the sample. 

Possibly this is due to the presence of casein protein matrix and fat globules. The methods employed proved to 

be efficient in the rheological and structural characterization of the samples SCDM, allowing for a better 

understanding and characterization of the behavior of dairy mixtures.  
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Abstract.  

The bentonite-free water-based drilling fluid aids in reducing formation damage in offshore operations in ultra-

deep wells. In this scenario, the material experiences high-pressure and high-temperature conditions. The 

material’s rheological behavior may be affected not only by the temperature but also by the pressure. Knowing 

the influence of these variables on the drilling fluid’s rheological characteristics is essential for successfully 

planning and executing the drilling process. In this presentation we investigate the effect of pressure, temperature, 

and thermal aging in the liquid-like and solid-like regimes of a bentonite-free water-based drilling fluid. The main 

viscosifier in the fluid is xanthan gum. The experiments were carried out in a pressure cell coupled to a rotational 

rheometer as presented in Figure 1. The results show a more relevant impact of temperature than pressure on the 

rheological behavior of the drilling fluid. The experiments also exhibit a critical aging temperature that induces 

irreversible fluid degradation. Lastly, these findings bring relevant information over an efficient range of 

bentonite-free water-based drilling fluids employed in the offshore drilling process. 

 

 
Figure 1. Pressurization system used to increase pressures up to 1000 bar, connected to the Anton Paar MCR 502 rheometer, 

and pres- sure cell with magnetically coupled geometry with sapphire bearing. Adapted from the Instruction Manual C-ETD 

300/PR 1000 (Paar 2015). The drilling fluid is represented in yellow, and the pressurized oil is in blue 
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1. Abstract 

 

Many equations have been developed during the last few years to predict suspension rheology behavior [1, 2]. 

Most are empiric and semi-empiric equations, and all apply to specific cases [3]. These equations account for the 

relationship between the viscosity (η) and volume fraction (φ) for a constant shear rate (ϒ̇), and are called 

viscosity-concentration equations.  Sudduth proposed a general equation (see Eq. 1) which depends on σ, the so-

called particle interaction coefficient [4]. This parameter allows us to obtain some viscosity-concentration 

equations, for example, the Arrhenius, Krieger and Dougherty, and Mooney equation [5]. In general, all the 

equations depend on the maximum packing fraction (φmax) and the intrinsic viscosity ([η]) parameters that depend 

on the particle shape, volume fraction concentration, and deformability of the interface. However, when the system 

is an emulsion, the maximum packing value can be higher than the one for hard-spherical particles, due to droplet 

deformation. As droplets are small, their deformation is less evident; consequently, φ max becomes closer to the 

hard-sphere value. On the other hand, [η] is equal to 2.5 for a dilute hard-sphere suspension. All viscosity-

concentration equations assume that these parameters are invariable, besides being valid for a fixed shear rate 

only. Some equations correlate the reduced viscosity (relation between the viscosity and the continuous phase 

viscosity) with the volume fraction and shear rate, but present limitations and wrong predictions. The challenge 

here is to find a numerical solution to these typical equations that allows us, at the same time, to obtain the reduced 

viscosity as a function of two main variables: volume fraction (φ) and shear rate (ϒ̇). We proposed variations of 

the parameters φmax and [η] in order to predict the emulsion rheology behavior depending on these two variables 

(φ and ϒ̇).  We introduced the KD’s concept “effective volume fraction" (𝜑𝑒𝑓𝑓 = 𝜑𝛼) that correlated the influence 

of solvent volume immobilized in the pores of the flocs [5]. In addition, redefining the maximum packing fraction 

to account for the trapped fluid, we have 𝜑𝑃𝐾 = 𝜑𝑚𝛼
−1,  which is the effective maximum packing [6]. We 

obtained a good fit for two water/oil study cases. The two study cases were obtained from rheological data for 

water in crude oil emulsions. After an image processing analysis, the droplets arrangement before and after 

shearing was verified using an Optical Microscope rheometer DHR-3 and Scanning Microscopy Electron (SEM), 

corroborating the fitting founding. The variations of parameters are associated to the process of breaking clusters 

with the shearing and with irreversibility. The large units of droplet aggregates break into small units, and the 

complex structure is lost when strong shearing is applied. 

 

𝑙𝑛(𝜂𝑟) = (−[𝜂𝜑𝑚]) (
1

𝜎−1
) [(1 −

𝜑

𝜑𝑃𝑘
)
1−𝜎

− 1]                  (1) 
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When a less viscous fluid displaces a more viscous one connected within a thin gap, viscous-fingering 

instability occurs. These instability studies are typically done in a Hele-Shaw cell, which consists of two parallel 

plates separated by a thin gap [1]. The literature offers extensive researches on the elements and mechanisms 

responsible for the instabilities in Newtonian displacements in Hele-Shaw cell, but way less about non-Newtonian 

ones including yield strength materials [2]. A material that possesses a minimum strength below which no 

irreversible flow occurs is called a yield strength material. Emulsions, gels, foams, colloids, muds, pastes are 

examples of such a material; their applications are all around of us. 

Through reviewing related works in the literature [3-7], it could be seen that we are still far from a 

comprehensive description of instabilities and flow regimes in displacements of yield strength fluids. Besides, the 

lack of study of correlations between the rheometric characterizations and the description of morphologies and 

instability patterns in the displacements of yield strength materials is in disputable. 

Preceding our rheological studies on yield strength materials [8], we aim to investigate the immiscible 

displacement of a slightly time-dependent yield strength material in a large Hele-Shaw cell until last stages of 

instability developments.  

Through investigating the displacement, we have discovered three-dimensional effects due to comportment of 

yield strength and mostly influenced by the wettability and the wall slip status. 

Further, we have shown that there is a critical shear rate obtained from flow curves that indifferent of flow 

geometry, above which no-slip condition is established. And the critical shear rate, divides the Hele-Shaw cell 

into two areas where wall slip is present and wall slip's effect is at minimum. As our displacements are conducted 

with constant injection rates, and the velocity of front propagation is variable, the radius at which the critical shear 

rate occurs, depends on the injection rate and the gap between plates. 

As aforementioned, the residuals of wetting fluid arrested on the plates' surfaces have shown distinct 

morphology depending on the slip condition and also the surface's wettability status. For the hydrophilic surface, 

their morphology could be from a thin layer at no-slip area to separate blobs in the area with slip. And at 

hydrophobic surface conditions, the residuals are more erratically dispersed beside being thicker. 

These residuals render the effective gap non-uniform three-dimensionally, which we noticed that it influences 

the interface patterns more significantly at hydrophobic condition; generating more ramifications and side-

branching. 

Additionally, we detected that a ring-shaped island of yielded and unyielded Carbopol® was formed inside 

the displacing fluid at the late stages of instability developments of displacement; when air displaces a material 

with lower yield strength and at the relatively low shear rate, This phenomenon is a combination effects due to a 

non-uniform gap rendered by residuals that could generate some areas less favorable to wall slip and help some 

residuals eventually being own by air, joining with the continuation of unyielded Carbopol® blobs being slipped 

at relatively low shear rate. 
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Abstract 

Some of the most used engineered materials are granular suspensions that are subjected to a great variety of 

processing technologies (e.g., pumping, spreading, spraying, 3D printing, extrusion) in a wide array of 

consistencies. Industrialization and eco-efficiency in construction is pushing the requirements of rheological 

analysis, and squeeze flow is becoming more relevant nowadays for the evaluation of these materials. An 

improvement to the existing technique with the association with a pressure mapping technology has been recently 

proposed, named Pressure Mapped Squeeze Flow (PMSF) [1]. The method is particularly interesting for 

suspensions due the likelihood of liquid-solid phase separation and provides actual pressure data to be compared 

to theoretical models, allowing for the identification of flow type at different stages of the test [1,2]. 

This work shows results of three mortars (REF, HLCE and FP) [2] and a plastic clay composition with two 

different water contents in volume (Clay42.5 and Clay49) [3]. Mortar REF was formulated with a quartz sand, a 

limestone filler, and Portland cement type CPII-F. The same composition with addition of a cellulose ether 

admixture and hydrated lime was also analyzed (HLCE). The third mortar is a dry mix factory-produced rendering 

mortar for manual application (FP). Tests were performed using an Instron machine with 0.1 mm/s controlled 

displacement, in the constant volume configuration. Pressure distribution was assessed by a dynamic pressure 

mapping system (IScan, Tekscan) with a thin flexible sensor positioned on the bottom plate where a fresh mortar 

specimen was cast (Figure 1-b). The same setup was employed and detailed in previous work [2]. 

 
Figure 1 - (a) Squeeze flow stress vs. displacement curves; (b) Experimental procedure (initial sample diameter 50.5 mm; initial height 

10 mm; plate diameter 101 mm); (c-g) Raw pressure distribution 3D images for 3 selected displacements from the tests with (c) REF mortar; 

(d) HLCE mortar; (e) FP mortar; (f) Clay with 42.5% water; and (g) Clay with 49% water; (h) Raw pressure color scale for the 3D images. 

The comparison between REF and HLCE shows that both mortars had similar flow behavior with pressure 

concentration peeks being developed relatively soon due to liquid phase migration (Figure 1-c,d), but the addition 

of cellulose ether admixture and hydrated lime mitigated that effect and postponed the transition to strain 

hardening until later displacements (Figure 1-a). Mortar FP, on the other hand, had lower total stress throughout 

the whole test and more homogeneous pressure distribution (Figure 1-e) due to the action of different admixtures 

and high entrained air content preventing phase separation, with an initial peek being visible only at the end of 

the test (7.0 mm), when sample height is close to particle size. The clay results show more regular pressure 

distribution profiles similar to theoretical models of pure Newtonian shear and perfect plastic flows for both water 

contents (Figure 1-f,g), with no clear signs of phase separation. The method demonstrated here can be applied to 

other materials, and the new information obtained can be further analyzed as presented in previous work [1-3]. 
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1.  Abstract. 

Loss of circulation is one of the main problems that interfere during the oil well drilling process. It is characterized 
by the fluid leakage (loss of the flow rate) of the wellbore annular region, formed between the drill column and 
rock formation, through the different fissures presented in the formation. The presence of fractures, frequent in 
the reservoirs, along with the pressure gradients inside the wellbore, significantly accentuates fluid leakage into 
the rock formation. Adding LCM (lost circulation materials) to the drilling fluid is an alternative corrective method 
to mitigate and control this issue. To treat the loss of circulation problem, an experimental work is proposed to 
investigate the combination of LCM material with a non-Newtonian fluid to fill a fracture. For this purpose, 
experimental tests were conducted in an apparatus located on the premises of the Porous Media Laboratory 
(LaMP) of the Research Center in Rheology and Non-Newtonian Fluids (CERNN) at UTFPR. The apparatus 
comprises a rectangular test section, representing the wellbore annular region in a particular stage of the drilling 
process with an internal diameter of 5 inches and an external diameter of 8.5 inches in the presence of a transversal 
fracture. The apparatus is able to monitor the differential pressure in the annular and fracture region (Pdif.), the 
flow rate through the test section (Q), the fluid flow rate loss through the fracture (QV), and the fluid temperature 
over the tests. The urea plastic abrasive (APU) is the particulate material that interacts with the non-Newtonian 
fluid flow to fill the fracture. APU particles are solid, irregular in shape, and with selected granulometry. Three 
APU granulometry ranges were considered to evaluate the influence of the particle’s size in the loss of circulation 
treatment, which allowed the variation of the particle’s average diameter (dp): dp1=0.36mm, dp2=1.09mm, and 
dp3=1.40mm. The non-Newtonian fluid used was a water with carbopol (CBP) mixture with apparent viscosities 
of 10 and 20cP for a viscoplastic behavior characterized by the Herschel-Bulkley model. To represent the loss of 
circulation, a control valve located at the fracture’s outlet and opened at different positions makes it possible to 
evaluate the solid-fluid influence in multiple flow rate loss variations. The experimental tests consisted of two 
stages. In the first, the flow through the test section takes place with the control valve closed so that the flow loss 
to the fracture is zero. The valve is then opened to predetermined flow loss values (5%, 10%, 20%, 35%, 50%) 
until the flow lost through the fracture stabilizes. Subsequently, LCM particles are released into the experimental 
loop and settle into the fracture, reducing the loss flux. The test ends when the pressure gradient and flow rate 
reach stable values. Comparison between different configurations is possible by recording the temporal evolution 
of the particles´ bed formation. Results show the influence of the Reynolds number variation, the fluid flow rate 
through the fracture over time, the non-Newtonian fluid apparent viscosity, the CBP and LCM concentrations, 
and granulometry over the monitoring parameters. Overall, the LCM application combined with the non-
Newtonian fluid effectively treats the loss of circulation problem. The resulting particulate beds formed during 
the fracture filling process and their respective geometries were analyzed. As the main finding, adding LCM in 
the form of particles with an average diameter of 0.363 mm to a Herschel-Bulkley fluid with an apparent viscosity 
of 10cP avoids the loss of circulation by fully recovering the annular channel flow rate after 35% of fluid loss. 
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Among the smart materials, electroactive shape memory polymer composites (SMPC) have been studied in 

the last 20 years due their promising applications such as: smart devices, sensors, artificial muscles, microcircuits, 

and soft robots [1]. These materials are developed to change their shapes in a significant and controlled way when 

an electrical stimulus is applied to it. Most of electroactive SMPC is based on a thermal sensitive shape memory 

polymer (SMP) filled with conductive fillers (such as carbon-based nanostructures) that increase the composite 

electrical conductivity allowing the SMPC to heat under an electrical field by joule effect [3-6]. To better 

comprehend the effect of the addition of the filler in the polymeric matrix, the characterization of thermal sensitive 

SMPC was developed in an Anton Paar MCR702 rheometer using a Solid Rectangular Fixture (SRF) geometry 

in a tensile mode thermomechanical cycle [2], and the shape memory effect (SME) were evaluated in terms of 

recovery ratio (Rr), shape fixity ratio (Rf) and load deformation (εload).  

In this study, the electroactive SMPC were developed using concentrations of graphene nanoplatelets (GNP), 

carbon nanotubes (CNT) and their hybrids up to 1.5 wt.% in thermoplastic polyurethane (TPU). In a SME analysis, 

the addition of higher levels of GNP in the hybrid composites showed improvements in obtaining higher values 

of maximum deformation (εload) of the material, attributed to a possible slippage between the stacked or 

agglomerated nanostructures. The electrical conductivity of TPU+CNT composites showed an electrical 

percolation threshold of 0.25% by mass of carbon nanotubes. Although graphene nanoplatelets contributed little 

to the increase in electrical conductivity of the hybrid SMPCs and more to the increase in maximum strain during 

programming, the addition of an electrical stimulus for partial return of shape was possible under a voltage of 140 

V, in a time of 90 s, reaching temperatures above 100 ºC. These results are promising for the development of 

electroactive SMPCs with low concentrations of carbon-based nanostructures. 
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The drug propofol is an important anesthetic of rapid and short action, figuring in the WHO’s list of 

essential medicines. Currently, its clinical administration is conducted through the medicine Diprivan® in the 

form of a lipidic emulsion, a vehicle that has limitations and drawbacks, thus generating incentives on the search 

for aqueous formulations.[1] 

The utilization of surfactants to enhance the solubility in water of hydrophobic compounds is vastly 

reported in the literature. Literature also shows that the association of aromatic compounds, like phenols, with 

cationic surfactants is able to promote the formation of wormlike micelles. Propofol’s molecular structure makes 

it a good candidate to promote the formation of these elongated aggregates.[2] In this work, the correlation 

between different micellar morphologies and propofol’s solubility enhancement was investigated. 

 It was found that the elongated micellar morphology, i.e., wormlike micelles, are capable to promote a 

higher enhancement in propofol’s aqueous solubility in comparison with the spherical micellar morphology, the 

higher enhancement is probably related to the distinct distribution of the drug molecules in the micellar structure 

[3], as schematized in Figure 1. 

 
Figure 1: Schematic representation of propofol’s solubilization in elongated micelles. 

Wormlike micelles systems have unique rheological properties, resembling polymeric solutions, giving 

these systems a wide range of applications.[4] Rheology is a well stablished technique to characterize wormlike 

micelles, allowing net parameters of the wormlike system to be obtained through the models of Maxwell, 

Hoffmann and Cates.[4,5,6] Literature reports mostly about the rheological behaviour of wormlike systems 

formed with aromatic anions and cationic surfactants, in this work, we have stablished comparisons with a 

wormlike system formed with a neutral aromatic molecule, as showed in Figure 2. 

 
Figure 2: Net parameters of the wormlike micelle system constituted of propofol and 300 mmol.L-1 of CTAB, obtained through rheological 
analysis 
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Hydrogels are the most used pharmaceutical forms for topical application displaying many advantages, such  a s 

non-invasive administration, greater comfort and improving the patient adherence to the treatment. 

Thermoresponsive polymers, as poloxamer 407 (P407), have been used to form gels in situ, as they change to a 

gel state when heated above a critical temperature, their association with cellulose derivatives, such as 

carboxypropylmethylcellulose (NaCMC) or hydroxypropylmethylcellulose (HPMC), is interesting to combine 

the bioadhesive properties of these polymers [1,2].  The aim of this work was to evaluate the rheological 

properties of binary polymer blends in order to understand the interactions between the bioadhesive and 

thermoresponsive polymers. Formulations composed of 17.5% (w/w) P407 and 0.3% (w/w) NaCMC (B1) or 

HPMC (B2) were analyzed using a MARS II controlled shear stress and gradient rheometer at two temperatures 

(25 and 34 °C). In flow mode, continuous shear analysis was performed from 0 s-1 to 2000 s-1, depending on  the 

system [1]. The upward curves were analyzed using the Oswald-de-Waele equation (Power Law) to obtain the 

consistency (K) and flow behavior (n) indxes, the Herschel-Bulkley rheological model was used to obtain the 

yield value (𝜎 y). When present, the hysteresis area was also calculated [3]. The oscillatory analyses of the 

systems were performed after the determination of the linear viscoelastic region of each sample at 25 and 34 °C . 

Frequency sweep analyses were conduced from  0.1 to 10.0 Hz [3]. The flow behavior of the formulations B1 

and B2 are shown in Table 1. 

Table 1 - Consistency index (K), flow behavior index (n), yield value (𝜎 y) and hysteresis area of the binary 

polymeric systems (B1 and B2) at temperatures of 25 and 34 °C 
                         Systems 
Parameters               

B1 B2 
25 °C 34 °C 25 °C 34 °C 

K (Pa.s) 0.76 ± 0.04 161.97 ± 8.19 0.23 ± 0.02 177.90 ± 5.31 

n (dimensionless) 0.82 ± 0.01 0.16 ± 0.01 0.94 ± 0.01 0.11 ± 0.01 
𝜎y (Pa) 8.38 ± 0.22 37.23 ± 6.56 4.58 ± 0.77 0.00 ± 0.00 
Hysteresis area (Pa/s) -27933.33 ± 6201.08 117400.00 ± 25932.41 -16743.33 ± 4362.18 46256.67 ± 10778.49 

Both B1 and B2 systems displayed non-Newtonian flow behavior, which was confirmed by the flow behavior 

index (n) lower than 1, indicating pseudoplastic type flow (shear thinning). The consistency increased as the 

temperature change from 25 to 34 ºC (p < 0.05), and K significant decreased (p < 0.05); however, there was no 

statistical difference between B1 and B2. The 𝜎y indicates the ability of the formulation to withstand a shear 

stress without starting to flow, and the results obtained for this parameter were not significant  (p > 0.05), 

showing that the temperature did not influence the strength of the system, therefore they are easy to be applied. 

The hysteresis area  can reveals the structuring reversibility of the systems submitted to shear and stress. It can 

be positive (thixotropic) or negative (rheopetic) [1]. Both systems were rheoptic at 25 °C; however, they 

displayed thixotropy at 34 °C (Table 1), showing that the temperature significantly influenced (p < 0.05). 

Moreover, the type of cellulose derivative also influence on hysteresis area (p < 0.05), being B1 more 

unstructured than B2. Oscillatory rheology evaluated the viscoelastic properties of the system. At 25 °C, both 

the systems displayed storage modulus (G') less than loss modulus (G'') over all frequency range, and the tan δ 

was higher than one. The systems were more viscous at room temperature (25 ºC), and the increasing of 

temperature (34°C) conduced them to become viscoelastic (G' > G''). The systems displayed an increase of 

dynamic viscosity (n') as the temperature inceased, due to the gelation of the system [2]. Therefore, the systems 

exhibited desirable flow behavior and viscoelastic characteristics for topical administration and for improved 

retention  at the application site. 
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In the last two decades, science and technology at the nanometer scale have provided efficient solutions for many 

industrial demands, especially related to heat transfer processes. The understanding that the size of a material 

affects its behavior was an important milestone for all areas of knowledge [1]. When the material's dimensions 

are reduced to the nanoscale, the chemical and physical properties differ significantly from those found for the 

same material at micro and macroscopic scales [2]. 

In the scope of nanotechnology, nanofluids appear. Nanofluids are nanoscale colloidal suspensions containing 

condensed nanomaterials. They are two-phase systems with one phase (solid phase) in another (liquid phase) [3] 

[4]. In recent years, nanofluids have attracted more and more attention, several works have been published. 

However, most studies were experimental and theoretical, addressing only the thermophysical properties or the 

heat transfer by convection of nanofluids. 

Thus, the mechanisms of interaction between nanoparticles and base fluid matrices have not been intensively 

investigated, especially when dealing with base fluids with non-Newtonian characteristics. It is known that the 

mechanisms of interaction between nanoparticles and non-Newtonian matrices are strongly related to the rheology 

of the suspension. The study of the rheological behavior of nanofluids allows the understanding of the fluidic 

structure and is of fundamental importance for applications in engineering. Investigating and qualifying the 

rheological behavior of nanoparticles in non-Newtonian dispersants is essential to obtain an overview of the 

internal microstructure and to allow understanding and predicting the influence of nanoparticle configuration on 

the mechanical and processability characteristics of complex systems, aiming to develop manufacturing and 

application. 

This work investigates the effect of silicon nanoparticles (SiO2) on the rheology of an aqueous dispersion of 

Carbopol. In addition to proposing a methodology for preparing the nanofluids, the effects caused by the variation 

of the concentration of SiO2 nanoparticles on the rheology of Carbopol were evaluated. 

The nanofluids were characterized by oscillatory and steady-state flow experiments in a rotational rheometer at a 

constant temperature of 25 °C. 

A visual analysis indicates the stability of the nanofluids with concentrations of 0.1, 0.25 and 0.5% of SiO2 during 

60 days, in addition, the pH of the samples remained stable throughout the period. The rheological results showed 

that the fluid maintains its behavior, following the Herschel-Bulkley model, presenting a yield stress. The increase 

in SiO2 concentration decreased the suspension viscosity, as well as the yield stress and dynamic moduli. The 

results indicate the strong influence of SiO2 nanoparticles on the rheological behavior of Carpobol. 
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Currently, much of the oil and gas exploration and production is located in deep and ultra-deep wells located in 

high-pressure, high-temperature (HP/HT) zones. Exploration in HP/HT zones present several challenges to the 

performance of drilling fluids to maintain wellbore stability during the drilling process. The rheological 

characterization of drilling fluids has been extensively investigated through experiments at atmospheric pressure; 

however, there are many open questions concerning high-pressure conditions.  

This work aims to perform a rheological characterization of inverted emulsion drilling fluid with measurements 

performed under a wide high-pressure range. The sample is an inverted emulsion using an olefin base oil with an 

internal phase of sodium chloride brine, with a 60/40 oil to water ratio. Other drilling fluid components are primary 

and secondary emulsifiers, lime, organophilic clay, and barite. The measurements were performed on the Anton 

Paar MCR 502 controlled shear stress rotational rheometer coupled to a pressure cell system that allows applying 

pressures up to 1000 bar.  

We observed that the impact of the pressure is more relevant in the solid than in the liquid-like regime. Not only 

the viscosity, storage modulus, and yield stress tend to increase under pressure but also the material yield strain 

(Figure 1). The higher the applied pressure, the greater is the deformation that the material withstands in the solid 

regime.  The authors are not aware of a similar discussion having been reported previously in the open literature. 

These findings bring essential information for the engineers in the oil and gas field since one of the main concerns 

at high-pressure conditions must be the drilling fluid behavior in the solid-like regime. 
 

 

 
Figure 1 – Rheological behavior at different regimes in function of pressure. 
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Biodegradable polymers have been one of the solutions to environmental problems arising from the accumulation 

of plastics, such as poly(hydroxybutyrate-co-hydroxyvalerate) (PHBV). However, processability, thermal 

stability and mechanical properties are below the performance required for some applications. Since its isolation 

in 2004, graphene and its derivatives, due to their excellent properties, have presented a wide range of possible 

applications, one of which is addressed in this project. This project is part of the development of biodegradable 

polymeric nanocomposites, specifically the PHBV/graphene oxide (GO) system, through the melt mixing 

technique using a twin screw extruder. The main objective of this work will be to obtain PHBV/GO 

nanocomposites with high mechanical performance and showing better processability, without loss of its 

biodegradability. 

GO was synthesized by the Hummers methodology using a bench reactor [1]. The deposition of the nanoparticles 

to the PHBV polymer matrix followed the solid-solid deposition (SSD) technique [2] to produce masterbatches, 

with a concentration of 2 wt% of GO. The final content of GO for the nanocomposites obtained by extrusion were 

0.1 wt%, 0.3 wt% and 0.5 wt%. To understand the processability of these materials, rotational rheological tests 

were performed in an Anton Paar rheometer, MCR702 (plate-plate geometry of 25 mm in diameter and gap of 1 

mm). The viscosity was evaluated at a shear rate ranging from 0.001 to 1000 s-1, as can be seen in Figure 1 (a). 

Differential Scanning Calorimetry (DSC) was also carried out, up to a temperature of 200ºC, and the behaviour 

of the materials during de second heating can be observed in Figure 1 (b). 

 
Figure 1 – (a) Viscosity variation as a function of shear rate of PHBV and nanocomposites, with constant temperature of 190ºC under 

nitrogen atmosphere, (b) DSC of PHBV and nanocomposites during second heating under nitrogen atmosphere. 

It was noticed that under all shear rates analyzed, the nanocomposites showed a lower viscosity when compared 

to the neat polymer. The hypothesis is that the presence of GO creates a “superlubricity state” acting as a lubricant 

for the polymer. At higher rates, in a range from 100 to 1000 s-1, which corresponds to the shear found in an 

extruder, the composition with 0.5wt% had the lowest viscosity, contributing to a better flow during processing. 

As for the DSC, during the second heating, the melting peak for PHBV and nanocomposites did not show 

significant changes, which may indicate that the crystal organization was maintained. However, on cooling it is 

possible that GO acts as a nucleating agent, increasing the crystallization temperature in approximately 12% for 

a content of 0.5 wt%. Therefore, the polymer chains in contact with the GO sheets are capable of organize 

themselves at higher temperatures. 
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Abstract 

 
Hydrates are crystalline structures resembling ice that are formed by cage-like hydrogen bonded water molecules 

which occlude small molecules, such as light hydrocarbons, carbon dioxide, and others (guest fluids). Oil and gas 

companies recognize gas hydrates as an issue since the 1930s, when Hammerschmidt reported a choked gas 

transport line by those structures. Gas hydrates are formed under high pressure and low temperatures, common 

conditions found in deep-water oil and gas production. Once formed, hydrate structures grow and agglomerate, 

obstructing partially or totally the production lines. Due to the difficulty of removing hydrate blockages, these 

events can cause economical losses. This work aims to investigate the rheological properties of the hydrate 

slurries. Tetrahydrofuran (THF) was used as guest fluid in water to form hydrate under atmospheric pressure. 

According to the literature, the maximum solid fraction that a suspension can flow is around 0.6. Nevertheless, 

some rheological analyzes of THF hydrate suspensions with solid fractions above this threshold volume fraction 

are found in the literature. Rheological analyzes of samples with solid fraction below (40 % and 50 %) and above 

(72,3 %, 78,8 % and 85,4 %) the threshold limit are conducted. Rheometric tests were performed on a Haake 

MARS III stress-controlled rotational rheometer with a four-blade vane geometry. As expected, the apparent 

viscosity increases with the solid fraction. The apparent viscosity of suspensions with solid fractions of 40 and 50 

% tend to stabilize over time, whereas the apparent viscosity of suspensions with solid fraction above the threshold 

limit rises to a critical level, and then the value falls to the level observed prior to the formation of the hydrate. 

This abnormal behavior shows that the suspension is not homogeneous anymore, as solids attach themselves to 

the cup and blade surfaces, creating a liquid film between the solid surfaces. 
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Lecithin forms RWLM in several solvents, except aromatic or halogenated ones, moreover, the typical water 

content (represented by the water-to-surfactant ratio parameter, 𝑊0) of the hydrocarbons with the same number 

of carbons is markedly distinct1,2. By tuning that parameter, is possible to inspect a variation in the micellar 

microstructure3. In this sense, RWLM was investigated in different hydrocarbons solvents with an increase of the 

𝑊0. The samples were prepared in cyclooctane and octane, to evaluate the influence of conformation, and in an 

alkane series with the increase of carbon’s number at the same water content.  

Non-linear rheology experiments showed the typical bell-shaped viscosity (expressed by zero shear viscosity, 𝜂0) 

for both solvents, but the extension of the curve is remarkably different for each one: almost double for the cyclic 

hydrocarbon, as shown in Figure 1a. Moreover, the investigation of the alkane series also shows different 

rheological behavior for RWLM with the increase of carbon number in the solvent chains (Figure 1b). That 

difference in the behavior can be related to the Hildebrand parameter of hydrocarbons, i.e., the cohesive energy 

imposes more difficulty for the confined water channel formation in a continuous phase.  

 

 

Figure 1 – a) Relation between zero shear viscosity (𝜂0) and water content (𝑊0)  for cyclooctane (blue) and octane (red). b) Hildebrand 

parameter (δ) of alkanes (black) and 𝜂0 of RWLM with the same water content (𝑊0 = 3)  (blue) as a function of the carbons’ number in the 

chain. 
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The measurement of the interfacial tension between two liquids of similar densities using dynamic methods 

presents multiple experimental difficulties, the main one being the shape of the droplet. The correct and complete 

determination of its shape requires its visualization from several planes, since it is generally an ellipsoid. The most 

straightforward representation requires knowledge of its three principal axes, which is experimentally challenging 

for most flows. Thus, for the calculation of interfacial tension, it is advantageous to know precisely the correct 

shapes, even if these are known from numerical models. The droplet retraction method (DRM) [1] is sensitive to 

the curvature of the droplet during retraction; with the presence of nearby droplets and their initial packing factor, 

this curvature is altered by the flow field generated in the vicinity so that the value of the interfacial tension 

obtained is the resultant of all the interactions that are present, being then an apparent interfacial tension, but 

which is the relevant one in systems where such situations are present, such as emulsions. Therefore, the DRM is 

realistic in isolated droplet scenarios. In this work, we evaluate and compare with experimental data the values of 

interfacial tension, seeking to provide greater accuracy in the measurements that are currently made with the DRM 
method.  

Three possible scenarios for the shrinkage process of a droplet are numerically simulated: (a) isolated, (b) with 

four neighbors, and (c) with eight neighbors; under periodic conditions. The density and viscosity of the phases 

are identical: 𝜌𝑚 𝜌𝑑⁄ = 1, 𝜂𝑚 𝜂𝑑⁄ = 1 = 𝜆. The deformation of the droplet is characterized by the Taylor 

deformation: 𝐷𝑇𝑎𝑦𝑙𝑜𝑟 = (𝐿 − 𝐵) (𝐿 + 𝐵)⁄ . In all simulated cases, the governing equations are those of slow flow. 

It is evident that the apparent interfacial tension depends on the different packing scenarios and the geometry of 

the non-axisymmetric droplet [2]. 
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The use of two-dimensional materials in the management of emulsion properties has increased in the last 

decade [1]. In particular, graphene oxide (GO) as a particle can contribute to stabilizing an emulsion for a longer 

time and allow the control of its properties for specific applications in the food, cosmetic and pharmaceutical 

industries [2]. The stabilization of an emulsion with solid particles at the interface is called Pickering emulsion. 

The use of GO as a stabilizing particle at the interface is reported in the literature, but it is still evident that there 

is little understanding of the phenomenon, both from physics and chemistry. Its main difficulty is the number of 

factors involved in stabilizing an emulsion [3, 4].  
The present work studies the presence of graphene oxide in a stable O/W emulsion. The rheological 

characterization of flow and oscillation of emulsions with 10, 20, 50, and 60 % dispersed phases in the presence 

of graphene oxide is presented. The emulsions are prepared by high shear rates at room temperature, in three 

cycles of 60 seconds each, with 3,000, 10,000, and 16,000 rpm, respectively. The homogenizer used is 2.5 mm in 

diameter.  

In addition, the size distribution of the dispersed phase was analyzed as soon as it was made and after 24 h, 

with emphasis on the Sauter and De Broucker mean diameters, to evidence the existence of coalescence or 

flocculation processes in the storage of the emulsion.  
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1. Abstract 

Due to the high environmental impact caused by using of Portland cement, alternative materials have been studied 

to reduce the amount of the binder in the compositions. However, partial replacement of Portland cement by 

mineral additions affects the rheological properties of cement compositions during the early age hydration and the 

development of hydrated microstructure. The main purpose of this work was to monitor the yield stress during 

the hydration of cement compositions blended with common types of mineral addition. 

2. Methodology  

The work was performed using Portland cement (CPIIF), silica fume (SF – Silmix), limestone (LF – Provale), and 

ground blast furnace slag (BFS – Mizu) as supplementary cementitious materials. The applied methodology 

consisted of an application of strain sweep tests at different set times, allowing to obtain the yield stress of the 

suspensions along the hydration with no need of multiple  samples casting by composition. Yield stress was 

obtained multiplying G’ obtained during the test by the respective critical strain. Results obtained were correlated 

with a modelled result applying the Athyx model, developed by as performed by Perrot et al [1], as showed in eq.1. 

 𝜏 =  𝜏0 + 𝐴𝑡ℎ𝑖𝑥 ∙ 𝑡𝑐 ∙ 𝑒
(

𝑡
𝑡𝑐

−1)
 Eq.1 

where  is the shear stress, 0 is the yield stress (obtained by Hershel-Bulkley modelling in previous shear cycles), 

Athix is a parameter related to the structuring rate by flocculation, tc is the characteristic flocculation time and t is 

the hydration time. The Athix and the tc parameters are obtained from the fitting in the experimental data. 

3. Results 

When using different supplementary materials, the time for the transition in the yield stress increase was 

different. Figure 1 shows the yield stress intensification after 150 minutes for the suspensions blended with LF 

and BFS, or after 120 minutes in the suspension with SF. Besides that, the modelling of the increase in yield 

stress caused by the reaction and the agglomeration of particles – thixotropic phenomenon – is represented by 

the lines, while the experimental data are represented by the symbols. The increase of the yield stress coincides 

with the acceleration of hydration, although it is not enough to fully explain the phenomenon, as it became clear 

in the evolution of this parameter for the composition with the addition of silica fume.  

In general, the model used adequately correlates the experimental results, regardless of the type of addition used. 

The analysis of the obtained adjustment parameters (Athix and tc) indicates that all pastes are highly thixotropic, 

according to the criterion exposed (Athix > 0.5). It can be said that a fundamental step in the development of eco-

friendly cement is the comprehension of the physical and chemical aspects of the consolidation process. To 

understand this evolution deeply, an exponential model was used, showing excellent alignment between the 

experimental data and the modeled results. 

\ 
Figure 1: Yield stress obtained applying the strain sweep (symbols) test and yield stress obtained by the  modeling (dash 

lines) purposed by Perrot et al [1] 
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ABSTRACT 

Starch is a polysaccharide widely used as a raw material to develop bioplastics, being found in several renewable, 

biodegradable, low-cost natural sources and can be used on an industrial scale for various applications. The 

objective of this work was to characterize four different types of industrialized and non-industrialized cassava 

starch through rheological properties, aiming at the optimization of bioplastics obtained by extrusion processing. 

The characterizations were carried out in the solutions of in natura starches/water and in the granules of the 

bioplastics (starch/glycerol/water) through intrinsic viscosity [] and melt flow index (MFI) measurements, 

respectively. The results show that the CS3 material presented the highest intrinsic viscosity value among the 

industrialized cassava starches, but the non-industrialized cassava starch (NCS) presented a higher intrinsic 

viscosity value among all types of cassava starches analyzed. The visual aspects of CS1 and CS2 bioplastic 

granules appeared uniform and regular, however these materials showed a difference in MFI values. The visual 
appearance of the CS3 material was non-uniform and presented an MFI value intermediate between CS1 and CS2. 

The NCS material showed a higher MFI value and the granules with a visual appearance were more uniform than 

the CS3 material, which may be associated with the amount of lipids and proteins due to the lack of purification 

of this type of starch. The intrinsic viscosity and flow index (MFI) measurements showed that the CS1 and CS2 

materials obtained from cassava starches present the best conditions to be applied in the development of 

bioplastics. 

 

Figure 1: Rheological properties and visual appearance of bioplastic from different types of cassava starch. 
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ABSTRACT 

Rheological characterizations using parallel plate rheometry in the region of linear viscoelasticity in studies of 

polymer blends are a valuable tool for understanding the miscibility of these polymeric mixtures. Blends of 

poly(methyl methacrylate) – PMMA and styrenic polymers may show miscible or immiscible behavior depending 

on the chemical structure of the polymers used in these polymeric mixtures. The aim of this work was to evaluate 

the influence of chemical structure between the rheological behavior in the region of linear viscoelasticity and the 

morphological behavior of polymer blends formed from acrylics (poly(methyl methacrylate) homopolymer – 

PMMAh, poly(methyl methacrylate) with elastomer – PMMAe) and styrenics (polystyrene – PS, styrene-

acrylonitrile copolymer – SAN and acrylonitrile-butadiene-styrene terpolymer – ABS). Analyzes were performed 

by rheology assays at low shear rates in a parallel plate rheometer and morphological analysis was performed by 

scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The rheological results in the 

linear viscoelasticity region showed significant changes in the rheological behavior in relation to the use of 
different types of acrylic polymers. The evaluation of the miscibility of polymer blends showed that the miscibility 

and immiscibility of the polymer blends occurred with variation in the chemical structure of the components used 

as dispersed or minority phases. The morphological properties obtained by scanning electron microscopy (SEM) 

and transmission electron microscopy (TEM) corroborating the rheological results, which showed the 

immiscibility in the polymer blends with PS and the miscibility of the PMMAh/SAN blend, and the miscibility 

between PMMAh with ABS (free SAN in the PMMAh/ABS blend). The morphologies of the polymer blends with 

PMMAe showed complex microrheological results, due to the presence of elastomeric phases, but the majority 

phase of both the matrix polymer and the dispersed polymer had the same miscibility between the phases due to 

the concentration of acrylonitrile in the SAN copolymer used. It was concluded in this work that studies in the 

condition of linear viscoelasticity at low shear rates are a powerful tool in the study of miscibility of polymer 

blends. 

 
Figure 1. Effect of chemical structure shown in Cole-Cole plots of polymer blends containing 20 wt% of dispersed phases (PS, SAN or 

ABS) and on morphologies obtained by scanning and transmission electron microscopy of polymer blends with PMMAh or PMMAe. 
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1. Abstract 

Interfacial instabilities developed at a fluid-fluid interface are observed when a low-viscosity fluid displaces a 

more viscous one in a porous medium or similarly in a Hele-Shaw cell, a well-known device consisting of two 

flat parallel plates separated by a narrow gap forming an effectively two-dimensional channel. The formation of 

viscous fingers (ramifications) is a phenomenon known as the Saffman-Taylor instability, which is driven by the 

viscosity ratio, density and/or surface tension [1-8]. The purpose of this research is to explore the displacement of 

produced water by different aqueous solutions in an oil well. A radial Hele-Shaw cell was employed in order to 

contribute to improvements in the understanding of fluid displacement in porous media such as petroleum 

reservoirs and EOR scenarios. We investigated the development of established patterns by the fluid interface 

instability throughout the displacement. The experiments consist of filling the cell with well-produced water, 

which is a crude oil-in-water emulsion, and displace it with three different solutions. The displacer fluids are 

represented by (i) aqueous solutions of HCl at pH=2.5, (ii) aqueous solutions of HCl with surfactant at pH=2.5 

and (iii) flushing fluid. After one volume displacement, another volume of produced water is injected. For all pairs 

of fluids and flow rates explored, it was observed a mixture between the fluids. Viscous fingerings were only 

observed when produced water displaces the flushing fluid, indicating a dependency between the interface 

stability and the viscosity ratio. 
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Graphene functionalization have shown promising achievements in the development of nanofluids. Relevant 

results have been reported for a wide range of applications, ranging from 3D conductive inks and drilling fluids 

to the development of biomedical materials [1–5]. Since non-Newtonian fluids are widely used in the most diverse 

areas of industry, they offer a huge potential for graphene functionalization applications. However, the 

introduction of these nanosheets in a fluid dispersant can influence, among other properties, its rheological 

behavior [6]. Rheological properties are critical for the processing and final application of suspensions. Therefore, 

focusing research into the rheological effects of functionalized graphene suspensions on complex fluids is 

important. In this work, triethylenetetramine functionalized graphene oxide (TETAGO) was used [7]. This 

nanosheet is constituted of a graphene basal plane with oxygenated and amino groups pendant on the surfaces and 

edges, which allow its high dispersibility, high reactivity and precursion to other functionalizations, in addition to 

being able to present negative and/or positive charges depending on the pH of the medium where it is dispersed. 

The Carbopol aqueous dispersion was the base fluid used, it is a yield stress fluid widely used in several industries 

sectors and as a model fluid among rheologists due to properties such as non-toxicity, transparency, and ease of 

handling. The effects of TETAGO concentration and system pH variation on the rheological properties of the 

suspension were investigated. Zeta potential investigations and rheological tests using steady-state, oscillatory, 

and, in some cases, transient flows were used to characterize the suspensions. In general, across the whole pH 

range, the suspensions of TETAGO in the Carbopol hydrogel show a decrease in viscosity, shear stress and storage 

modulus with increasing concentration of nanosheets. In addition, as the pH of the suspensions is decreased, the 

reduction in viscosity, yield stress, and storage modulus values becomes even more accentuated. The decrease in 

pH leads to a drop in the zeta potential modules of Carbopol and TETAGO nanosheet, however for both cases the 

surface charge is always negative, with Carbopol showing a charge intensity always higher than TETAGO, mainly 

at higher pHs. The results indicate that, the TETAGO less negative surfaces facilitate the mobility between the 

particles involved in the system, which weakens the fluid microstructure. Understanding how TETAGO 

interactions can affect the rheology of complex fluids is important to the development of new nanofluids. 
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Abstract.  

Many industries face challenges related to the fluid used in their operations because most are non-colloidal 

suspensions. The behavior of non-colloidal suspensions is complex since these are soft materials made from the 

dispersion of particles with diameters greater than 10 μm in a liquid matrix. Usually these fluids demonstrate flow 

heterogeneities such as shear banding, wall slip, sedimentation, agglomeration, and fracture that may cause 

misinterpretations in the determination of rheological properties. To comply with the condition of the continuous 

medium, the rheometric measurements are also limited by the geometry used in the analysis, since the gap 

available for the flow must be ten times larger than the particle's diameters. The study of the rheological behavior 

of the microstructure of non-colloidal suspensions in yield stress fluids, especially in the transition from solid to 

liquid-like, is underexplored. The present work aims to analyze the particle size and concentration dependence 

during flow-yielding and flow-pre-yielding. An aqueous dispersion of Carbopol with a concentration of 0.2%wt 

and neutralized with aminopropanol 95 was used for preparing the non-colloidal suspensions with PSP(Polyamid 

Seeding Particles) particles (5, 20, and 50 µm). Rheological measurements were performed in a rotational 

rheometer (TA instrument, USA) with cross-hatched parallel plate geometry and a gap of 1 mm. Shear stress 

amplitude sweeps oscillatory tests to determine the structure as solid (pre-yielding). Creep test was developed to 

know the material's behavior during yielding, and steady-state flow curves to understand liquid-like behavior. 

 
Figure 1. Steady-state flow curves of non-colloidal suspensions with 5, 20, and 50 µm particles in 

concentrations of 1, 10, and 20 %wt for each particle size. Tests were conducted at 22 °C, by imposing a series 

of constant shear rate levels ranging  from 0.01 to 100 s−1 for 600 s each one, the plateaus of shear rates were 

distributed using a high shear rate between two low values. 

Interestingly the experimental results shown in Figure 1 demonstrated that compared with the pure Carbopol 

dispersion the yield stress increased for  suspension of 5 µm particles and decreased for suspensions of 20 and 50 

µm. It is worth noting that in the rheological behaviour of the material is more affected in the case of the 20 µm 

than the case of 50 µm particles. This phenomenon may be related to the fracture or particle migration due to the 

agglomerations of particles that formed when concentration was increased, as observed in the images made with 

an Olympus BX51 fluorescence microscope of the suspensions at rest. [Fig.1]. Finally, creep tests were performed 

to determine the static yield stress and the behavior during yielding. In the case of pre-yielding, the stress 

amplitude sweep oscillatory tests displayed that G' in the SAOS region decreased with increasing particle 

concentration but without substantial variations between the 20 and 50 µm particles. The results show that possible 

flow heterogeneities are occurring in the 20 and 50 µm suspensions and that the microstructure generated by the 

suspension of the particles weakened the Carbopol polymeric chains due to hydrodynamic interactions. 
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1. Abstract 

 

This work analyses the startup flow of thixotropic viscoelastic yield stress fluids in a planar contraction 

numerically. The fluid is initially fully structured at rest, then a pressure gradient is imposed between the inlet and 

the outlet boundaries. The adopted fluid model was proposed by [1], where the material fluidity (the reciprocal of 

viscosity) is considered as the structure parameter to evaluate the material structuring level. The model is 

composed of two differential equations, one tensorial equation that relates the stress to the rate of strain and one 

scalar evolution equation for the fluidity, and can capture many complex features observed in structured materials, 

such as the avalanche effect [1,2]. In the present work, the viscoelastic behavior is only considered relevant in the 

regions where the fluid is fully structured. 

 

The flow was solved using the open-source CFD software OpenFOAM, adopting an isothermal flow hypothesis. 

During the startup flow, the fluid's structure breaks down at different rates in different regions of the flow, showing 

a complex behavior, where different flow patterns interact with each other. 
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To obtain a high-performance cement for using in complex cementitious components, a good strategy can be its 

particle size optimization to reduce the packing porosity. In this work a common Portland cement CPV (d50 of 9.5 

μm and specific surface area of 1.26 m²/g) was combined with a micronized Portland cement (d50 of 1.4 μm and 

specific surface area of 4.03 m²/g) in different ratios. Both cements present distinct mineralogy and chemical 

composition. All pastes were formulated with water to cement ratio of 0.4 and mixed in a Speed Mixer DAC 400.1 

centrifugal mixer for 3 minutes at 2000 rpm. The yield stress was obtained by the application of the Herschel-

Bulkley model after tests performed in a Mars 60 rheometer, Haake, applying a stepped flow test changing the 

shear rate from 0.1 s-1 to 30 s-1 in 20 steps with linear control and, in sequence, returning to 0.1 s-1, using sandpaper 

in the geometry to prevent the samples from slipping. 

The Figure 1(a) illustrates how the yield stress is correlated exponentially to the microcement content of the 

suspensions.  However, the addition of finer particles decreases packing porosity – calculated according to the 

Westman and Hugill model [1] –, but not related to yield stress, as shown in Figure 1(b): the use of packing is not 

enough to explain these changes. Thus, it can be said that this evolution is more influenced by the increase in the 

volumetric surface area - Figure 1(c) – and is very well correlated also with IPS (Interparticle Separation distance) 

[2] - Figure 1(d), a mobility parameter whose considers the packing of particles, specific surface area, density and 

solid volume.  

 
Figure 1: Correlation between the experimental Herschel-Bulkley yield stress and (a) the microcement content, (b) the 

packing porosity calculated by Westman and Hugill model, (c) the volumetric surface area (VSA) and (d) the IPS 

(Interparticle separation distance) of the suspensions 
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The lid-driven cavity is a canonic fluid mechanics problem; despite having a simple geometry and well-

defined boundary conditions, it can display complex flow structures as the inertial effects dominate. Although the 

lid-driven cavity has real applications in dwell coaters or grooved channels [1], it is often used as a benchmark 

test for numerical methods and it can exhibit high-pressure gradients near the lid. One aspect of the lid-driven 

cavity is the occurrence of a Hopf-bifurcation [2] when the Reynolds number is approximately 8,000 [3]—causing 

the flow transition from a steady-state to a periodic regime. However, the Hopf-bifurcation described in the 

literature focus solely on Newtonian fluids, with no attempts to study viscoplastic fluids, with focus mainly on the 

steady-state regime [4,5]. This work investigates the flow inside a lid-driven cavity filled with a viscoplastic fluid, 

modeled with a non-regularized Bingham model using the lattice Boltzmann method for Reynolds numbers up to 

20,000 and Bingham numbers up to 10. The lattice Boltzmann method (LBM) is a numerical method based on 

the Boltzmann equation and thus does not directly solve the Navier-stokes equations but resolves the flow in the 

mesoscopic scale, although this does prevent it from fully resolving the flow under certain conditions [6]. The 

LBM can be enchanted and accommodate non-Newtonian fluids; more notably, it can use a Bingham model 

without regularization [7].  

 By analyzing the time evolution of the velocity field near the corners, it was observed that a Hopf-like 

bifurcation also occurs for a Bingham fluid. Although, the bifurcation point increases as the fluid yield stress 

increases. The bifurcation points occurred at approximately 10,000, 12,000, and 16,000 for the Bingham numbers 

1, 2, and 5, respectively. For Bn = 10, it was not observed bifurcation in the range studied, indicating it probably 

occurs for a value higher than Re > 20,000, if it occurs at all. The triangular vortex structures that can appear in 

the Newtonian case apparently appear in the viscoplastic cases, although distorted due to the presence of yield 

regions inside the primary vortex. These plastified regions, differently from the steady-state regime, which remain 

fixed in space, now move in a circular motion around the vortex core. However, this does exclude the yielded 

regions from suffering changes in size and shape as they travel through regions with different stress magnitudes, 

and finally, disappear when pathing close to the moving lid. Multiple bifurcations occur as the Reynolds number 

increases, which could indicate the presence of multiple stable regimes for the same Reynolds number, which due 

to the initial conditions, could not be achieved. 
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The complexity of the treatment of neurological diseases is particularly hard, considering the need of the drug to 

crossing the blood-brain barrier to exert its pharmacological action. A new alternative to improve this type of 

treatment is by using the nasal administration, through innovative mucoadhesive ad thermoresponsive 

formulations [1]. Thus, the aim of this work was to develop and characterize polymeric systems composed of 

Poloxamer 407 (P407), hydroxypropyl methylcellulose (HPMC) and meloxicam, in order to determine their 

rheological properties and sol-gel (tsol-gel) transition temperature. Systems were prepared containing 17.5% (w/w) 

of P407, 0.1 or 0.4% (w/w) of HPMC, and 0.05 or 0.15% (w/w) of meloxicam. The systems without drug were 

also prepared for comparison. The rheometry was performed by using a MARS II rheometer and a parallel cone-

plate geometry of 35 mm in diameter, separated by a fixed distance of 0.105 mm. The continuous flow rheology 

was determined at temperatures of 25 ± 0.1 ºC and 37 ± 0.1 ºC in flow mode, while tsol-gel was determined in 

oscillatory mode, with a temperature ramp ranging from 5 to 60 ºC. All the analyzes were statistically compared 

by using analysis of variance (ANOVA), in Statistica 10 software. All formulations evaluated showed non-

Newtonian behavior of the pseudoplastic type (shear thinning behavior, with yield value), confirmed by the flow 

index (n) values, at the two temperatures evaluated, which is probably related to the great resistance to deformation 

of the entangled polymeric chains. The pseudoplastic behavior is desirable in formulations with topical 

application, as it ensures uniform product distribution. Also, when subjected to high shear stresses, it may flow 

easily, also contributing to a better application [2]. Moreover, the hysteresis area of the systems was calculated 

and all formulations showed rheopexy, which means they suffered an increase in viscosity as the shear stress 

increased. The increase in temperature significantly (p < 0.05) influenced all the parameters evaluated, causing a 

significant reduction in n, meanwhile the hysteresis area, yield value and consistency index increased 

significantly. The highest concentration of HPMC significantly influenced (p < 0.05) the yield value of the 

systems, without altering the other parameters. The presence of meloxicam did not change the parameters (p > 

0.05). Regarding the gelation temperature, all the systems presented an average temperature of 32.4 ± 1.06 ºC. 

The systems with the highest concentration of HPMC showed the lowest tsol-gel. Meanwhile, the presence of the 

drug in the highest concentration resulted in higher tsol-gel values. The result can be considered suitable for 

intranasal application, since the product undergoes gelation above room temperature and close to body 

temperature. Thus, it can be concluded that the concentration of HPMC and meloxicam influenced the rheological 

parameters of the systems analyzed ; however, both systems were able to maintain good characteristics for 

intranasal drug administration. 
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The decline in oil production from the wells has been leading the development of different strategies to overcome 

this problem. The addition of surfactants and polymers to injecting fluids is one of the methods applied to increase 

their sweep efficiency. [1] 

An important strategy to improve the production involves the stimulation of the reservoir, which is very 

challenging and, therefore, the aim of several studies. [2] Stimulation is a technique used for damage removal and 

to increase the reservoir permeability. For carbonate reservoirs, this process is benefited by the reaction of the 

fluid with the matrix. However, generally the process is restricted to occurs only in regions of high permeability. 

In order, to solve this problem, acid diverting fluids based on viscoelastic surfactants (VES) are commonly used. 

The divergence in this case is caused by viscosity changes of VES triggered by chemical stimulus, such as pH 

variations. [3] 

Formulations based in VES can be prepared to respond to [H+] and [Ca2+], tuning the rheological properties of the 

surfactant solution and producing polymer-like aggregates named as wormlike micelles. When increasing the 

viscosity due to these responses, the divergence phenomenon occurs, and the fluid changes its direction heading 

regions of low permeability. As consequence, desirable corrosion patterns known as wormholes are formed. [4]  

A laboratory scale investigation might be required to properly adopt such special fluids, so a protocol for 

neutralization of acid fluids was stablished and tested by using two commercial fluids. The rheology of the fluids 

upon different neutralizing degrees were studied and simulates the rheological behavior when they are flowing 

and reacting into the carbonate matrix.  Additionally, several generations of a new responsive diverting fluid based 

on VES, named as QuoVadis (from the Latin “Whither goest thou”), were developed and their rheological 

characteristics, in linear and non-linear regimes, were obtained in different H+ and Ca2+ concentrations. Such 

formulations are subject of a patent application filed in the National Institute of Industrial Property of Brazil (INPI 

patent application number BR102020006183-6). The QuoVadis samples were submitted to the neutralizing 

protocol and their rheological behaviors were considered to evaluate their performance in several core-flooding 

experiments. The statistical results demonstrate that the desirable dominant wormhole is formed, which was 

visualized in one of the outcrops through NMR images. 

 
Figure 1: Results of core-flooding experiments (pressure difference as a function of the porous volume), an NMR image of 

wormhole formed after core flooding experiments and a cartoon representing the variations on the micelles with pH 

changes. 

[1] Liu, S., Zhang, D.L., Yan, W., Puerto, M., Hirasaki, G.J., Miller, C.A, 2018. Favorable attributes of alkaline-surfactant-polymer flooding, 
SPE J. 13 (01) 5-16. 

[2] Brown, J.R., Trudnowski, J., Nybo, E., Kent, K.E., Lund, T., Parsons, A., 2017. Quantification of non-Newtonian fluid dynamics of a 

wormlike micelle solution in porous media with magnetic resonance. Chem. Eng. Sci. 173, 145–152. 

[3] Philippova, O.E., Molchanov, V.S., 2019. Enhanced rheological properties and performance of viscoelastic surfactant fluids with 

embedded nanoparticles. Curr. Opin. Colloid Interface Sci. 43, 52–62. 
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Epoxy resins are extensively used in high performance applications due to their inherently high chemical 

resistance, low density and excellent mechanical properties, making them one of the most important classes of 

thermosetting polymers [1]. However, non-modified epoxy resins tend to suffer from brittleness and low 

elongation after curing, limiting their use in applications that require tougher materials. For example, low impact 

resistance can be a problem for fiber-reinforced composite materials, widely used in the aerospace industry, due 

to inter-laminar fracture induced by impact damage [2]. Therefore, increasing toughness of epoxy resins has long 

been the focus of much research in the field and several approaches have been considered. Among them, the 

incorporation of a tougher second phase (such as rubbers and thermoplastics) is one of the most common routes, 

but it usually comes with the cost of a reduced thermal stability (i. e., Tg) and processability. Preparing 

interpenetrating polymer networks (IPNs) is a relatively new strategy to increase toughness while maintaining 

thermal stability. IPNs are polymeric systems composed of two or more polymeric networks that are permanently 

entangled, but not covalently bonded, and are usually prepared from two thermosetting polymers. Semi-IPN 

systems, however, are composed of a thermoplastic polymer that is interlaced with a thermosetting polymer 

network. This system can be achieved by mixing a miscible thermoplastic component into the uncured resin and 

then adding the hardener, leading to a curing-induced phase separation process in which the semi-IPN structure 

is present at the interfaces between the two phases, and the final morphology depends on the content ratio of each 

component (among other factors). This phase separation between soluble blends of amorphous thermoplastics and 

thermosets is an effective strategy for achieving tougher materials without degrading the thermoset’s inherent 

properties [3]. In the present work, the phase separation process of semi-IPNs of bisphenol-A diglycidyl ether 

(BADGE) epoxy resin and polyetherimide (PEI) with different content ratios were studied through rheology and 

optical microscopy. Small amplitude oscillatory shear (SAOS) tests were performed as a function of time during 

the curing process, in which kinks in the η* curves were associated with the phase separation process [4]. The 

curing was also observed in a temperature-controlled optical microscope, in order to confirm the phase separation 

and morphology at the microscopic level. 

 

 
Figure 1. SAOS curve of PEI-epoxy blend at 10 PHR and 110 °C. 

 

[1] V. Fiore and A. Valenza, “Epoxy resins as a matrix material in advanced fiber-reinforced polymer (FRP) composites,” in 
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10.1533/9780857098641.1.88. 
[2] U. Farooq, J. Teuwen, and C. Dransfeld, “Toughening of epoxy systems with interpenetrating polymer network (IPN): A review,” 

Polymers (Basel), vol. 12, no. 9, 2020, doi: 10.3390/POLYM12091908. 

[3] A. Inamdar, J. Cherukattu, A. Anand, and B. Kandasubramanian, “Thermoplastic-Toughened High-Temperature Cyanate Esters 

and Their Application in Advanced Composites,” Industrial and Engineering Chemistry Research, vol. 57, no. 13. American 
Chemical Society, pp. 4479–4504, Apr. 04, 2018. doi: 10.1021/acs.iecr.7b05202. 
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Rheology is an important tool in the development of smart fluids, which is being pursued by an increasing number 

of industries. Specifically in the oil industry, new oilfields are being found in harsh reservoir environments, with 

high pressure and high temperature (HPHT) conditions. Therefore, the development of smart drilling fluids may 

lead to fluids with specific properties that can meet the environmental requirements and the severe conditions 

demanded in deeper offshore regions, resulting in more efficient oil well drilling and completion operations. The 

purpose of this work is to investigate the rheology of oxidized hexagonal boron nitride (h-BN-oxi) nanostructures 

dispersed in a polymeric system composed of a solution of industrial water and xanthan gum (XG).  

The stress-controlled rotational rheometer Physica MCR501 was used to determine the viscoelastic properties of 

the suspensions. The thermal properties were measured by the Modified Transient Plane Source (MTPS). 

Transmission Electronic Microscopy (TEM), Scanning Electron Microscope (MEV), Raman Spectroscopy, X-

ray Diffraction (XRD), X-ray Photoelectron Spectroscopy (XPS), Thermogravimetric Analysis (TGA), Dynamic 

Light Scattering (DLS), Fourier Transform Infrared (FTIR), and Zeta Potential were used to characterize the 

morphological and structural properties of the h-BN-oxi nanosheets. The results can aid in understanding the 

mechanisms of particle-particle and particle-fluid interactions, and how they affect the rheological and thermal 

properties of the nanofluids. Moreover, the effect of temperature and h-BN concentration on the rheology is 

obtained and discussed. 
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Wormlike micelles (WLM) are surfactant aggregates with high aspect ratio, reaching even a micrometer length. 

They can be obtained by various ways, like adding molecules of an aromatic anion to a system containing cationic 

surfactant. The aromatic molecules will enter in between the surfactant molecules, with its anionic group near the 

surfactant’s head and partially screening its cationic charge [1]. The formation of WLM can be induced by 

changing physicochemical properties of the system. These changes are known in the literature as triggers, the 

systems they generate are known as responsive WLM and they have been in evidence for the last years for their 

capacity of modulating rheological properties [2,3]. The chemical reaction that converts acetylsalicylic acid 

(ASA) to salicylate (SAL) in presence of hydroxylamine [4], shown in Figure 1, can induce WLM formation when 

in a system containing the cationic surfactant hexadecyltrimethylammonium bromide (CTAB). That happens 

because ASA does not have the structural planarity required to insert itself between the CTAB molecules, while 

SAL does, since it forms a hydrogen bonding between his own carboxylate and hydroxyl groups. Then, as reaction 

progresses, SAL is formed and inserts between CTAB molecules, partially screening CTAB’s positive charge and 

inducing the morphology change in aggregates [5]. Hydroxylamine concentration is then the responsiveness 

trigger. WLM in certain concentration regimes can entangle and generate non-newtonian systems. [1] Then, what 

happens as the reaction between ASA and hydroxylamine occurs is that WLM concentration increases in time, 

and start entangling, resulting in a change from a newtonian to a non-newtonian fluid. Hence, the kinetics of ASA 

to SAL conversion and its insertion in the aggregates can be accompanied by measuring the elastic (G’) and 

viscous (G’’) moduli of the system with time in a constant frequency of a constant shear stress application. The 

effects of the frequency and of temperature in the kinetics graphic have also been analyzed. 
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Figure 1. Reaction between ASA and hydroxylamine. Adapted from [4] 
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Acrylonitrile-butadiene-styrene (ABS) is an engineering thermoplastic polymer with desirable mechanical 

properties, and it can be produced by the modern additive manufacturing process [1]. Graphene is a two- 

dimensional sheet material composed by carbon atoms arranged in hexagonal form, and possess characteristics as 

light weight, high aspect ratio with planar shape, good mechanical properties, and excellent thermal and electrical 

conductivities [2]. In this study, graphene was incorporated in ABS matrix to evaluate the rheological and thermal 

properties of the ABS/graphene nanocomposites. First, the graphene nanoplatelets (GNP) (ACS Material 

LLC/USA - Thickness: 2-10 nm) was exfoliated using a solution of isopropyl alcohol and water (80/20) in a 

concentration of 0.5mg/ml, using a homogenizer ultra-Turrax (Semco- ME 100L), followed by ultrasonic bath for 

1h. The ABS (Sabic-Cycolac MG47)/GNP masterbatch with the concentration of 2 wt% was prepared by solid-

solid deposition using roto evaporation [3]. The masterbatch was diluted in ABS in the specific concentration for 

the nanocomposites production with 0.5, 1 and 2 wt%. The nanocomposites were prepared by melt mixing using 

a twin screw extruder (ThermoScientific – Process11) at temperature profile of 200/200/205/210/210/215/200/220 

°C from the first section to the die, rotation screw speed of 100 rpm and 4g/min of feed. Measurement of steady-

state viscosity (η) versus shear rate (�̇�) was conducted using a Rheometer (Anton Paar MCR-12), equipped with 

a parallel plate geometry with 25 cm in diameter and 1 mm gap. The analysis was conducted in nitrogen 

atmosphere and the shear rate range was 0.01 to 100 s-1 at 230 °C. The thermal analysis was evaluated by 

Differential Scanning Calorimetry (DSC) (Shimadzu - 60 plus) heating the sample to 200 °C at 10 °C/min, 

followed by a cooling and a second heating ate the same heating rate. The Figure 1(a) and 1(b) shows the flow 

curve and the second heating scan, respectively, for the virgin ABS resin, the processed ABS, and the 

nanocomposites ABS/GNP. 

  
Figure 1. (a) Steady-state rheology, and (b) second DSC heating for ABS before and after extrusion process, and the 

nanocomposites with different concentrations of graphene. 

It is possible to observe that all materials presented similar values of viscosity in the range of shear rate 

studied. Moreover, the materials show a decrease in viscosity with the increase of shear rate, probably due to the 

breaking of the macromolecular chains. Also, at low shear rate, the ABS presents an increase in the viscosity, 

caused by the presence of the butadiene rubber phase, which induced the rearrangement of the macromolecules 

and add resistance to their mobility [4]. The nanocomposite with 2 wt% of graphene, presented a slight decrease 

in viscosity, which means that the filler act as lubricant effect. From Figure 1(b) it is possible to note that the glass 

transition temperature (Tg) of ABS is around 100 °C and did not alter with the extrusion process or with the 

incorporation of GNP. 
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Abstract 

Suspensions are multiphase substances found in various industrial processes and nature that are characterized by 

a continuous and one or more dispersed phases. Their rheological behavior is still not well understood, depending 

on several factors such as suspension composition and on how the phases interact. The current work aims to 

investigate numerically particle movement taking place in rheometric measurements. The mathematical model is 

based on an Euler-Euler approach, which employs mass and momentum conservation equations for a two-phase 

flow, together with constitutive equations that model the interphase interactions. The numerical study was carried 

out in a plate-plate geometry that consists of two circular plates of a 35 mm diameter, separated by a 1 mm gap. 

The computational domain is defined by three surfaces: the upper and lower plates and the fluid-ambient interface. 

For the liquid phase, a non-slip condition is assumed on the upper and lower plates, while a free-slip condition is 

considered on the side wall as the shear stress on the is negligible. For the solid dispersed phase, a free-slip 

condition is assumed for all walls. As the Euler-Euler model treats both phases as interpenetrating continua, a 

dynamic viscosity is required for both liquid and solid phases. The liquid phase is assumed to be a non-Newtonian 

viscoplastic fluid. As an initial condition, the dispersed phase is considered homogeneously distributed throughout 

the domain. Either the upper or the lower plate can rotate at a constant rotational speed. The numerical results 

were corroborated with an analytical solution for liquid single-phase flows. The single phase revealed the 

existence of a recirculating secondary radial flow between the plates that influenced the computed torque at a 

given Reynolds number. The secondary flow orientation, however, depends on which plate is rotating; while the 

fluid near the upper wall flows outwards when the upper plate rotates, the opposite occurs when the lower plate 

spins. The numerical results agree well with the data from the literature and with some test measurements, 

suggesting that the adopted model represents well the multiphase flow pattern between the plates. The obtained 

results allowed identifying suspension particle motion as a function of Reynolds and Bingham numbers, helping 

to understand how the torque is associated to particle migration during rheological characterization. The study 

also revealed that particle migration is mainly driven by a combination of gravity and inertial secondary flow. It 

can be summarized that the higher the Bingham number and the smaller the Reynolds number, the smaller the 

magnitude of secondary flow and particle migration. 
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1. Background 
Saint-Gobain (SG) is a leader in the light and sustainable construction sector that manufactures and distributes 
materials ranging from grouts, glass to adhesives and sealants. Saint-Gobain Research Brazil (SGRB) focuses 
on providing a fundamental understanding of SG’s products, accelerating the development of new products and 
solutions. In this regard, rheology is considered a versatile technique that has been applied at SGRB in a wide 
range of materials to solve complex, real-life problems. Herein, we illustrate how rheology can be explored to 
provide understanding of adhesive performance and aging behavior of sealants. 
 
2. Results  
Time sweep analysis coupled with UV curing followed by a frequency sweep test is a method used to analyze 
pressure sensitive adhesives (PSAs) available at SG’s porfotlio. The first step allows evaluating how fast an 
adhesive can be cured by determining the gel time at the crossover of G’ and G” (Figure 1A). The second step 
shows the behavior of the cured adhesive at different frequencies, which can be correlated to the tape 
performance (Figure 1B). For instance, higher values of tanδ at high frequencies indicate more energy 
dissipation, which is desirable for a good peel performance of PSAs [1]. This parameter can be used not only for 
quality control, but also to develop new tapes. 
 

    
Figure 1. A) UV curing measurement and B) frequency sweep analysis. 

 
Secondly, the curing kinetics and the rheological properties of a moisture curing sealant are explored to 
understand aging and improve its shelf life. A time sweep oscillatory analysis was used to monitor the elastic 
modulus upon curing (Figure 2A) and the curing rate over time (Figure 2B) [2]. This method permitted 
proposing new formulations that minimized the decrease of rheological properties and kinetics upon aging.  
 

     
Figure 2. A) G’ from a time sweep analysis and B) derivative of G’ of a sealant after 0, 7, 14, and 21 under accelerated ageing.  

 
3. References 
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We performed rheometrical experiments to determine the flow curve and the yield strength of Carbopol microgels 
at different concentrations employing a commercial rheometer equipped with a home-made Couette rheometry 
whose gap is very wide. Both the inner and outer walls were roughened to suppress slippage. The flow curve is 
provided by the standard torque and angular velocity measurements provided by the rheometer in conjunction 
with an analysis that relates the local shear stress and shear rate at the inner cylinder wall to the measurable 
quantities. The method also employs a simple flow visualization procedure to allow the determination of the radial 
position where the applied shear stress is equal to the material’s yield strength. One of the goals of the investigation 
is to apply the method to study aging effects on the yield strength and on the flow curve itself. Comparisons with 
rheometrical results obtained with standard geometries indicated the reliability and usefulness of the method. 
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Fingering instabilities in flow displacements are a well-known phenomenon that occurs when a less viscous fluid 
displaces a more viscous one. This type of behavior has an impact on the flow displacement process and can be 
disastrous in some situations, such as those found in oil well operations. To obtain a successful cementing 
operation, the cement slurry must effectively displace the drilling fluid from the annular space between the 
wellbore and the casing. The process is very complex, since both fluids can present non-Newtonian behavior, and 
the flow is time-dependent. Moreover, in many situations eroded regions can be present, forcing the fluids to flow 
through expansions and contractions of different lengths and changing flow kinematics. The displacement 
efficiency depends on several parameters such as fluids rheology, density ratio, flow rate and well geometry. This 
work presents experimental and numerical investigations concerning the displacement process inside oil wells in 
the presence of an eroded zone. The governing conservation equations of mass and momentum are solved using 
the finite volume method. The volume of fluid method is employed to deal with the multiphase problem. Flow 
pattern along the eroded region and the displacement efficiency are presented and discussed for different pairs of 
fluids and geometries. The effects of the governing parameters on the flow displacement pattern inside the eroded 
region is presented and discussed, with the goal to optimize the cleaning and removal displacement process in oil 
wells. The results show that instabilities can appear for several situations, leading to very low displacement 
efficiency that would result in unsuccessful operations. Moreover, it is shown that density ratio plays a major role 
on flow displacement. 
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Many numerical methods that describe two-phase displacement flows consider the single fluid approach in which 

both fluids share a single set of governing equations. Under this concept, the interface is not treated as a boundary, 

so no boundary conditions need to be prescribed on it. Here, fluid properties vary in space and the interface is the 

location where these properties vary abruptly. This technique is employed to capture immiscible interfaces in two-

phase flows by many methods, including the volume-of-fluid, level-set, and phase-field methods. Moreover, the 

one-fluid formulation also successfully describes displacement flows between miscible fluids. [1] 

 

In the current work, we investigate the channel displacement flow between two incompressible miscible fluids. 

The momentum equations are coupled to a convection-diffusion equation for the evolution of a scalar that 

measures the concentration of the displaced fluid. In this setting, the momentum equations read: 

 

                                  
𝜕𝑢𝑖

𝜕𝑡
+ 𝑢𝑘

𝜕𝑢𝑖

𝜕𝑥𝑘
=

1

𝑅𝑒
(

𝜕

𝜕𝑥𝑘
𝜂(𝑐, �̇�) (

𝜕𝑢𝑖

𝜕𝑥𝑘
+

𝜕𝑢𝑘

𝜕𝑥𝑖
) −

𝜕𝑝

𝜕𝑥𝑖
)                                                    

 

Here, 𝑥𝑖 = (𝑥, 𝑦) is the Cartesian coordinate system, 𝑢𝑖 = (𝑢, 𝑣) are velocity components, 𝑝 is pressure, and 𝑡 is 

time. The above equations were made dimensionless by taking the gap, 𝑏, between channel as length scale; the 

gap averaged inflow velocity, 𝑈, of the injected fluid as characteristic speed; and 𝜇1𝑈/𝑏 as reference pressure. 

The governing dimensionless parameters include the Reynolds number, 𝑅𝑒 =  𝜌𝑈𝑏/𝜇1, and the Péclet number 

𝑃𝑒 = 𝑈𝑏/𝐷, where 𝜇1 is the viscosity of the injected fluid, and 𝐷 is the constant mass diffusivity of the interface. 

Far upstream, 𝑐 = 0 is the concentration of the injected fluid, while 𝑐 = 1 far downstream where the resident fluid 

is located. Intermediate values of concentration, 0 < 𝑐 < 1, are measures of the diffusive interface. A mixture law 

that correlates viscosity and concentration, 𝜂(𝑐, �̇�), is required to close the governing equations and a proper 

function depends on the pair of fluids of choice. For displacements involving Newtonian fluids, a common choice 

is the exponential viscosity profile [2, 3],  𝜂(𝑐) = 𝜇1𝑒𝑅c, 𝑅 = log (
𝜇2

𝜇1
), where 𝜇1 and 𝜇2 are the viscosities of the 

injected and displaced fluids, respectively. Linear correlations, and nonmonotonic correlations that resemble the 

viscosity concentration relationship of the fluid pair alcohol-water have also been used [4]. The exponential 

correlation has also been employed in displacements of non-Newtonian fluids [5], and modifications have been 

proposed to include a dependence on the local flow speed [6]. But overall investigations on the displacement of 

non-Newtonian fluids have been selecting mixture laws with no physical justification [7]. 

 

In the current work, we present a correlation function between apparent viscosity and concentration that is suited 

for the displacement of a Carreau-Yasuda fluid by injection of a Newtonian fluid. To obtain this equation, we 

conducted rheological measurements with an aqueous solution of Xanthan gum that was mixed with water at 

different proportions to cover different values of the concentration parameter. The proposed viscosity correlation 

is based on the harmonic mean-based viscosity function of Siqueira et al. [8], and thus depends on shear rate and 

the rheological parameters of the non-Newtonian fluid. Furthermore, it also depends on the concentration 

parameter to account for the mixture between the fluids. The proposed equation for 𝜂(𝑐, �̇�) adjusts well to 

experimental data. Finally, we present preliminary nonlinear simulation results for the miscible displacement of 

a Carreau-Yasuda fluid by injection of a Newtonian fluid confined between parallel plates.  
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Hemodialysis is an invasive procedure widely used in patients with compromised renal function, which aims to
play the same role as a kidney. This procedure consists of draining the blood and filtering it through a
semipermeable membrane that operates by osmosis using external equipment. After filtration, the blood is
pumped back into the patient’s bloodstream. Access to the bloodstream for hemodialysis is largely performed by
using Central Venous Catheters (CVC) nowadays. One of the main complications generated by the use of a
CVC is blood clotting inside the catheter, which decreases the life span of the equipment by blocking the proper
blood flow and compromising the hemodialysis, resulting in frequent replacements of the CVC. The formation
of a clot inside a CVC is directly linked to the shear stress the particular geometry induces to the flow, usually
being significant at the entry lumen. Besides, venous blood presents a non-Newtonian behavior that challenges
CVC’s geometry projects. One way to evaluate the shear stress intensity is through the Platelet Activation Index
(PLI), developed by [1]. In the present study, the goal is to analyze which is the best configuration of chosen
numerical schemes in modeling blood through a CVC. A blood flow model is present for a CVC geometry
without side holes and considering blood as a non-Newtonian fluid modeled by the BirdCarreau rheological
model. The simulations’ setting is based on [2] for the velocity in the bloodstream, and inlet/outlet configuration
inside the CVC on [3] and [4]. Five different configurations are proposed, with first and second-order schemes
available in [5]. Each configuration consisted of Gauss linear or Least Squares for gradient schemes; Gauss
linear Upwind and UpwindV for divergent schemes, the latter, designed for vector fields; and different levels of
orthogonal correction for laplacian and surface normal gradients schemes. CFD simulations are performed in
OpenFOAM v8 in a steady regime through the simpleFoam solver. The results obtained showed values of
average velocity compared of the same order of magnitude to those from [2], and shear stress and PLI in
agreement with previous results from this research [6] obtained with FLUENT software using similar schemes
(Gauss linear and Upwing as gradient and divergent schemes, respectively). Configuration sets employing
leastSquares gradient scheme were not able to converge even with a correction of the Gauss linear laplacian
scheme ( ). The Gauss linear UpwindV divergent schemes showed a region of high velocity inside theψ = 0. 33
exit lumen of the CVC that could be related to the non-orthogonalization of the mesh. Also, the latter
configuration showed a higher computational cost compared to other simulation sets that converged. This study
showed that despite using two second-order gradient schemes, Gauss linear could significantly give more
accuracy and less instability compared to Least Squares for this type of blood flow simulation inside a vein with
a centralized CVC. Laplacian and surface normal schemes variations did not show any stability increase. Then,
these preliminary results will help to obtain a reliable numerical model to simulate more complex scenarios of
blood flow and blood clot formation while performing comparisons with works from the literature.
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Abstract 

 

The tightness test consists of pressurizing a fluid within a line to a specified pressure value, closing it, and 

monitoring the pressure over time. While the test is straightforward for small and simple systems, some problems 

have become apparent when testing long lines found in oil exploration. Extra care must be taken when non-

Newtonian fluids, such as drilling fluids, are pressurized in long pipes. Several studies have shown that pressure 

propagation and transmission are heavily dependent on fluid rheology and operating conditions. Failure to 

consider these effects may lead to incorrect measurements of the system’s conditions. The present work presents 

a mathematical model that combines the continuity and momentum balance equations to simulate a tightness test. 

The fluid is considered isothermal, weakly compressible, and single-phased with time-independent viscosity, such 

as Newtonian, power law, and Bingham fluids. The set of equations was solved by the method of characteristics. 

Based on the resulting equations, dimensionless parameters are proposed to represent the tightness tests in very 

long isothermal lines. Good agreement was found by comparing numerical results with measurements. Finally, a 

sensitivity analysis was conducted by varying the proposed dimensionless parameters. It was shown that a fluid 

rheology parameter has the highest influence on the test pressure change, affecting the pressure rate transmission 

along the pipeline. This parameter can also be used to estimate the pressure drop after pressurization. In 

comparison to the fluid rheology parameter, the effects of other parameters are small and generally have their 

scale limited by the test operating conditions. In conclusion, the dimensionless model provides a good prediction 

for the fluid pressure during tightness tests and can be a powerful tool to aid decision-making by engineers. 

However, further studies are still required to consider temperature effects. 
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Oil gelation at the see bead low temperatures makes the offshore production of waxy crude oils quite a challenging 

task. Not only the oil viscosity increases with the temperature reduction, but also the pressure required to restart 

the flow of gelled oil may become prohibited. Gelation provides complex rheological characteristics to the 

material, such as viscoplasticity, elasticity that depends on thermal, shear and time histories. Additionally, some 

authors have also reported material shrinkage during gelation, which can lead to appearance of voids inside the 

material, making the flow start-up even more complex. To understand the shrinkage process, cooling tests were 

performed with two samples waxy oils. The samples, one with low (S1) and the other with a high pour point (S2), 

were placed in a 100 mL graduated glass cylinder and cooled from 50 oC to -1.7 oC. With the cooling, the samples 

shrank but volume reduction through the cylinder graduation was not observed after the gelation temperature has 

been reached in both samples.  However, a larger volume reduction was verified near the cylinder center than 

close to the cylinder wall at the end of the cooling process. A clear cavity is noted at the cylinder open end for the 

high pour point sample (S2), as shown in Figure 1c, but not clearly observed for the low pour point sample (S1). 

The higher volume reduction close to the cylinder center can be explained by checking that the sample is cooled 

from outside to inside. As soon as the material reaches its pour point near the cylinder wall, the sample stops 

moving, while the material that is above the pour point close to the cylinder center keeps flowing. The low pour 

point seems to explains the higher fluid mobility of sample S1 in comparison to sample S2. Not only the shrinkage 

occurred axially but also radially with a sample detachment from the cylinder wall, as shown in Figure 1a and 1b.  

To verify if the gelled fluid would still flow, the graduated cylinder was turned upside down. The sample, however, 

only moved as a plug after the cylinder has been shaken from top to bottom, as presented in Figure 2b. Figure 3c 

also shows small cracks that links the shrinkage cavity to some wall voids. To measure the volume reduction after 

shrinkage, the graduated cylinder was filled with water and the added water has shown a volume reduction in the 

order of 5%. Other studies as Rosso (2014) performed similar test with crude oil and observed a 4% contraction 

when reducing the temperature from 60 to 4°C. Likewise, Van der Geest et al. (2015) calculated a 5% shrinkage 

for the oil through a PVT cell, varying from 70 to 5°C. 
 

  
Figure 1 - S2 after cooling at -1,7 ºC. a) Wall voids. b) Graduated cylinder upside down. c) Cracks linking the shrinkage with wall voids. 

 

These results are preliminary and indicate that more testing is needed to better understand shrinkage and void 

formation during the cooling process in order to benefit flow assurance issues. 
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Two major concerns of flow assurance activities are the pressure required to restart a clogged pipeline and the 

flow rate after a production stoppage [1]. In this investigation, the rheological behavior of a water-in-crude-oil 

emulsion (32 wt%) containing paraffin wax is assessed at 4°C through stepwise changes in shear rate. To establish 

the steady-state flow behavior, a total time of 2h is applied for each shear rate evaluated [0.001 s-1 to 250 s-1]. The 

flow curve was obtained, and next, the Herschel-Bulkley (HB) model was employed to estimate the static yield 

stress (𝜎𝑦). The minimum pressure necessary to break gelled material was provided based on yield stress data (Eq. 

1). The flow rate after gel breakage was obtained through Eq. (2), considering HB model parameters. Also, flow 

loop equipment was used to compare the flow rate calculated from rheological data with the experimental flow 

rate obtained at similar cooling conditions.  

𝛥𝑃 =  2𝜎𝑦

𝐿

𝑅
 (Eq. 1) 
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𝑛
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𝑛
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𝜑2

𝑛 + 1
] (Eq. 2) 

 

In Eq. (1), the clogged pipe length and radius are represented by 𝐿 and 𝑅, respectively. In Eq.(2), 𝑄 represents the 

flow rate after the gel breakage, 𝑘 and 𝑛 are the consistency index and the behavior index, and 𝜑 is the ratio of 

the yield stress 𝜎𝐻𝐵 and the wall shear stress obtained by Eq.(1). 

 

The rheological tests were conducted at Anton Paar MCR302 stress-controlled rheometer with a 26.66 mm 

sandblasted concentric cylinder. The average cooling rate of 0.049 °C/min was applied to the sample from 60 to 

4°C, followed by a 24h aging at 4°C. The shear stress at each shear rate assessed is exhibited in Fig. (1A). The 

steady-state flow curve is exhibited in Fig. (1B). A representative result of flow restart after emulsion gelation in 

situ at flow loop is exhibited in Fig. (1C). The portion of the flow loop clogged with waxy gel has 11.4 m length 

and 6.22 mm internal diameter.     

 

                         

Fig. 1 – (A) stepwise shear rate increment at T = 4°C, (B) HB model fit, and (C) representative flow loop result for the emulsion sample  

The flow rate calculated for the flow loop (L = 11.4 m, R = 3.11 mm) and that obtained experimentally were 

different (38 ml/min and 8.7 ml/min, respectively), although in the same order of magnitude. Also, considering a 

6” pipeline (D = 0.1524 m) with L = 2,000 m, the pressure drop required to restart flow (Eq. 1) is 35.2 bar. The 

flow rate for an available pressure drop of 150 bar is 1,130 m3/day, an obtainable value in field production 

operation. It is stressed that 800 to 3,000 m3/day are representative production values at normal operational 

conditions. 

The authors thank Petrobras/CENPES and CNPq for supporting this work. 
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Polyhydroxybutyrate (PHB) is a biopolymer that, due to its physical properties, is a promising candidate to 
replace petroleum-based polymers, especially in applications such as packaging and biomedical [1].
However, large-scale manufacturing of PHB-based products is still challenging due to high material cost, high 
stiffness and low elongation, and a narrow processability window in the molten state [2,3]. The last two factors 
are related, high processing temperature is required to melt the crystalline phase of PHB. Sometimes, this 
temperature is close to the degradation temperature, causing a reduction in molecular weight and deterioration 
of physical properties [4].
An alternative that has been used is the plasticization of PHB. Plasticizing a polymer matrix is a low-cost 
process involving low or medium-molecular weight compounds, whose objective is to increase the flexibility of 
the polymer. This occurs due to the spacing between the polymer chains, from the polymer-plasticizer 
interaction, providing greater mobility of the polymer structure [5]. In addition, plasticization usually makes 
processing easier in the molten state, as it tends to cause a decrease in temperatures associated with processing, 
i.e. Tg and Tm, in addition to reducing the viscosity of the material.
In this work, an aliphatic polyester oligomer was used as a plasticizer in a concentration of up to 30 wt%. The 
effects of plasticizer on PHB were evaluated through rheology, viscosidade complexa, and thermal properties. 
Figure 1 shows the viscosity value at the shear rate of 1 s-1 and Tg as a function of plasticizer concentration. The 
results indicate the occurrence of plasticization of the polymer and the potential for improving the processability 
of the PHB.

Figure 1. Tg and * (at 1 s-1) as a function of the plasticizer concentration
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Biopolymers have generated tremendous interest in several industries, including food technology, 

pharmaceuticals, and biomedicine. In addition, a wide range of them can be electrospun with specific fiber 

arrangements, structural integrity, and bioactivity. Among biopolymers, polysaccharides have stood out as a 

sustainable alternative in obtaining various products in these industries. The highlight is that they are 

biodegradable, highly stable, totally safe, non-toxic, hydrophilic, and have a low processing cost as they are 

obtained from a variety of abundant resources in nature. Polysaccharides have been extensively studied because 

most proteins require a carrier polymer to allow the formation of fibers (except zein and gelatin) [1]. Pullulan is 

an efficient polysaccharide in obtaining fibers for encapsulation and intelligent food packaging. These applications 

are because of the excellent reliability of pullulan in aqueous solutions, especially when dissolved in food-grade 

solvents, and the low permeability to oxygen [2]. The electrospinning process requires the adjustment of some 

variables, in which viscosity is the most critical one. That is because the biopolymer solution must have a high 

concentration and molecular weight, sufficient for the biopolymer tangle to form. However, this concentration 

and molecular weight cannot prevent the movement of the biopolymer induced by the electric field. So the 

rheological study of polymeric solutions is essential [3]. Therefore, this study evaluated the dynamic storage 

modulus (G′) and loss modulus (G″) to analyze the feasibility of obtaining pullulan nanofibers by electrospinning. 

The rheological properties of pullulan solutions (10%, 15%, and 20%), using water as a solvent, were analyzed 

by a dynamic rheology test. The analyses were performed with an advanced rheometer, Physica MCR 501 - (Anton 

Paar, USA), cone-plate geometry, at 25ºC. The results showed that the polymeric solutions showed a shear 

thinning phenomenon within the shear rate range. 

The same is true when looking at dynamic complex viscosity versus angular frequency curve, which generally 

decreases with an increase in angular frequency. This phenomenon demonstrates that pullulan-based solutions are 

non-Newtonian fluids, exhibiting the typical pseudoplastic fluid behavior [4]. Furthermore, G' and G′′ showed 

that pullulan-based solutions increased gradually with increasing angular frequency. That is, the higher the angular 

frequency, the greater the elasticity and viscosity of the solution. Likewise, when the same angular frequency was 

adopted, both G' and G'' of the polymer solutions increased with increasing pullulan concentration. This behavior 

can be observed because, with increasing pullulan concentration, there is an increase in the density of geometric 

entanglement between the molecular chains, increasing the intermolecular force, which makes the movement of 

the molecular chains difficult [5-6]. 

In conclusion, the polymer solutions studied exhibited more elastic behavior under low shear stresses. These 

results show that these solutions have strong shape retention abilities with pronounced shear thinning behaviors. 

These elastic characteristics facilitate the dimensional stabilities of these solutions and provide adequate 

rheological properties for fiber spinning and 3D printing [2]. 
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The existence of a true yield stress was discussed controversially among rheologists for many years [1, 2]. This is 

no surprise, since its existence basically contradicts the motto of rheological society panta rhei - everything flows, 

it is just a matter of time. However, since for most materials and technical applications it is important that flow is 

achieved in a reasonable amount of time, the concept of an apparent yield point that separates elastic from flow 

behavior has been widely accepted. 

The yield stress has become an important parameter in research as well as in quality control to describe the ‘flow’ 

behavior of many structured fluids and semi solids. A yield stress can improve the stability of dispersed systems 

by preventing sedimentation, keeps a toothpaste from sinking into the brush or simply prevents a paint from 

running down on a vertical wall. However, the measured value of the yield stress is strongly dependent on sample 

handling, the chosen rheological measuring method, the data evaluation and even the utilized measuring geometry. 

Because of the variety of available approaches, many users of rotational rheometer face conceptual confusion 

when trying to extract “the” yield stress from a measured set of data. 

 

The aim of this contribution is to show the differences among the test protocols and evaluation methods commonly 

used for yield stress analysis. It also provides a guideline on how to set up SOPs (Standard Operating Procedures) 

for sample handling and presents the potential pitfalls that an inexperienced user should be aware of. 
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