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Abstract 

Carbopol (crosslinked polyacrylic acid) microgels are ubiquitous high‐viscosity 

thickeners and model yield-stress fluids in pharmaceutical, cosmetic, biomedical, and 

industrial applications[3]. Their rheological behavior arises from an ionizable, crosslinked 

network that swells upon neutralization to form a solid-like gel (with storage modulus G′ 

greatly exceeding loss modulus G″ in the linear regime)[3][6].  In this review we synthesize 

recent advances (2020–2025) in Carbopol gel rheology, highlighting experimental 

methodologies and fundamental mechanisms. We discuss how small-amplitude oscillatory 

shear (SAOS) yields nearly frequency-independent elasticity (constant G′) at low strain[6], 

while yielding in large-amplitude oscillatory shear (LAOS) creates a crossover to viscous flow 

at a critical strain. Steady shear tests typically show Herschel–Bulkley flow (τ = τ_y + k·γ̇ⁿ) 

with pronounced shear-thinning and measurable yield stress, which increases with polymer 

concentration and varies with pH[6] studies emphasize Carbopol’s thixotropic “avalanche” 

behavior just above τ_y[5] and advanced rheometry (e.g. cavitation rheology) to probe its 

yield and interfacial properties[4]. We critically examine formulation effects: neutralization 

chemistry (pH-dependent swelling) produces maximum elasticity near pH≈5[6]; 

concentration controls solidification thresholds (≈1–3 wt%)[3]; and additives (glycerol, 

copolymers, nanoparticles) modulate particle volume and interactions. Emerging trends 

include hybrid and stimuli-responsive Carbopol networks (e.g. photo- or thermo-responsive 

composites), advanced LAOS and microfluidic rheometry techniques, and novel applications 

in biofabrication and smart delivery. We identify open challenges (e.g. reproducible yield 

measurements, microstructural characterization, and thixotropy quantification) and future 

directions toward robust predictive models. This review provides a comprehensive, up-to-

date perspective on Carbopol gel rheology, integrating mechanistic insights and recent data to 

guide researchers in theory and application. 

Introduction 

Carbopol® (carbomer) is a family of high-molecular-weight poly(acrylic acid) (PAA) 

polymers crosslinked into microgels, sold under various trade names (Carbopol, Carbomer, 

Noveon, etc.)[3]. These white powders (e.g. Carbopol NF 980, C934, Ultrez series) swell into 

clear hydrogels upon hydration and neutralization, forming viscoelastic networks with unique 

rheological properties. Due to their very low toxicity and high thickening power at low 

concentrations, Carbopol gels are widely used in pharmaceuticals, cosmetics, paints, and food 

products[3][5]. For example, aqueous Carbopol dispersions provide mucoadhesive drug gels 
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and topical suspensions, while ethoxylated acrylate copolymers (Pemulens) are 

popular in cosmetics. In industry and research, Carbopols serve as model yield-stress fluids 

(transparent and easy to prepare) and are widely employed in rheological flow visualization 

and fundamental studies[5][3]. 

Carbopol particles consist of densely crosslinked PAA chains that bear carboxylic acid 

groups (–COOH). Upon neutralization (typically with NaOH to pH≈7), these groups dissociate 

(–COO⁻), creating repulsive charges along each network. Osmotic pressure and Coulomb 

repulsion cause the network to swell dramatically[3]. The resulting microgel can expand to 

tens of times its dry size, trapping solvent and forming a colloidal gel. In the neutralized state 

the network chains are stretched and entangled, imparting solid-like elasticity[5][3]. The 

rheology is highly tunable by chemistry: the degree of neutralization, solvent composition, 

and copolymer structure all alter the swelling and yield behavior[3][6]. 

This review surveys the rheological behavior of Carbopol-based gels in depth. Section 2 

provides historical context on their development as thickeners and model yield-stress fluids. 

Section 3 summarizes the current state of research: experimental rheometry (SAOS, LAOS, 

steady shear, creep), fundamental insights into gelation and yielding mechanisms, effects of 

formulation (neutralization, concentration, copolymers), and emerging applications. We 

critically discuss challenges in characterizing Carbopol gels and conclude with future 

perspectives (e.g. smart hydrogels and advanced measurement techniques). Emphasis is 

placed on primary literature from the last five years (2020–2025) to present the latest data 

and models. 

Historical Background 

Carbopol-type polymers were first introduced in the mid-20th century. Early patents 

(circa 1955–1960s) describe high-molecular-weight, crosslinked polyacrylic acids designed as 

thickening agents. The first commercial carbomer grades (e.g. Carbopol 934, 940) appeared in 

the 1970s, originally polymerized in benzene and later improved with ethyl acetate 

processeslubrizol.com. These products quickly became popular as alternatives to natural 

gums in pharmaceuticals and cosmetics, due to their exceptional viscosity at low dosage and 

transparency[3]. 

The rheological characterization of Carbopol gels developed in parallel. In 1979 Barry 

and Meyer performed the first systematic oscillatory shear study on Carbopol 940/941 (1–5 

wt%)[6][6]. They found that even at low strains these gels behaved “essentially as elastic 

bodies” (storage modulus G′ exceeding loss modulus G″) and that both moduli rose 

moderately with frequency[6]. In the 1980s and 90s, researchers established that Carbopol 

dispersions exhibit a true yield stress: under very low shear rates they behave solid-like but 

flow once a threshold stress is exceeded. Early flow experiments reported Herschel–Bulkley 

behavior (τ ≈ τ_y + k·γ̇^n) and strain-localization (shear banding) upon yielding. By the 2000s 

Carbopol gels were firmly recognized as model yield-stress fluids for soft-matter 

research[6][6]. 

In recent years, advanced experimental and theoretical tools have deepened 

understanding of Carbopol rheology. Confocal microscopy and light scattering (e.g. Gutowski 

et al. 2012, Lefrançois et al. 2015) revealed that Carbopol particles are highly polydisperse 

microgels (sub-micrometer to ~10 μm) and undergo dramatic swelling during 

hydration[3][6]. Computer simulations and Poisson–Boltzmann theory have modeled their 

osmotic swelling and ion distributions. Key concepts of glassy vs. jamming transitions have 

file:///D:/МАЙ%20SHABLON/pubs.rsc.orgpubs.rsc.org
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https://www.mdpi.com/2311-5521/4/1/3#:~:text=It%20is%20well%20known%20that,partially%20uncoil%20due%20to%20electrostatic
https://pubs.rsc.org/en/content/articlehtml/2020/sm/d0sm01196g#:~:text=In%20the%20vast%20majority%20of,promotes%20the%20diffusion%20of%20solvent
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https://pubs.rsc.org/en/content/articlehtml/2020/sm/d0sm01196g#:~:text=Microgels%20that%20have%20received%20special,16%E2%80%9319
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=941%20microgels%20was%20published%20by,ranges%20of%20varied%20frequency%2C%20%CF%89
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=941%20microgels%20was%20published%20by,ranges%20of%20varied%20frequency%2C%20%CF%89
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=,Agarwal%20and
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=stress%20materials%20since%20their%20flow,Piau%202007
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=stress%20materials%20since%20their%20flow,Piau%202007
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been applied: Carbopol gel elasticity emerges from a crowding/jamming of charged 

microgels, analogous to soft glasses[6][6]. Paradigms for yielding (e.g. distribution of 

relaxation times, cage-breaking) were adapted from colloidal systems to Carbopol networks. 

Notable breakthroughs include the identification of a quasi-linear LAOS regime (as predicted 

by theory) beyond the linear viscoelastic range[5][6], and the use of novel techniques such as 

needle-induced cavitation rheology to measure interfacial tension and elasticity of Carbopol 

gels[4]. This historical evolution set the stage for the current state-of-the-art understanding of 

Carbopol rheology. 

Current State of Research 

Rheological Methodologies 

Oscillatory shear (SAOS): In the linear viscoelastic regime (small-amplitude 

oscillations, γ≲0.1%), Carbopol gels exhibit solidlike behavior across a broad frequency 

range[6][6]. Typical SAOS spectra show a storage modulus G′ much higher than loss G″ 

(G′≫G″), indicating a dominant elastic network. At low frequencies G′ approaches a plateau 

(indicating an arrested, gel-like state), while G″ often follows a fractional power law (G″∝ω^m 

with m≃0.3–0.5) due to solvent dissipation[6][6]. Both moduli increase with polymer 

concentration: higher carbomer content raises G′ and G″ in nearly constant proportion[6]. 

SAOS has been used to quantify the “onset of solidity” in dilute suspensions: for example, 

gelation of aqueous Carbopol was observed between ~0.7–1.0 wt%, above which a low-

frequency plateau in G′ appears[3]. 

Amplitude sweep (LAOS) tests probe nonlinearity. At small stress amplitudes the 

material remains in the LVR (constant G′, G″), but beyond a critical strain (~γ_c≈1–10%) the 

network begins to yield. In typical amplitude sweeps one observes G′ gradually dropping and 

G″ peaking as the structure fails[5]. Carbopol dispersions uniquely display a quasi-linear LAOS 

(QL-LAOS) regime beyond the LVR, where the strain response remains nearly sinusoidal 

despite structural changes[5][6]. Fourier-transform rheology and LAOS stress–strain 

Lissajous curves are increasingly applied: they reveal subtle features of yielding, such as 

harmonics and yield strain distributions, but their use in Carbopol research is still emerging. 

Steady shear tests yield classic flow curves. Once the applied stress exceeds the yield 

stress τ_y, Carbopol gels flow with strong shear-thinning. Nearly all studies fit the data to the 

Herschel–Bulkley model (τ = τ_y + k·γ̇^n)[6]. In this model, τ_y (dynamic yield stress) 

typically grows rapidly with polymer content: for example, Shafiei et al. reported τ_y rising 

from ~10 Pa at 0.5 wt% to ~150 Pa at 3.0 wt%[6]. The flow index n is usually <1 (often ~0.3–

0.5), indicating pronounced shear-thinning[6]. Copious data confirm that temperature has 

only a modest effect on τ_y and viscosity, whereas pH and ionic strength can shift the flow 

curves substantially[6][6]. Creep and stress relaxation measurements are also used: under a 

constant sub-yield stress, Carbopol microgels may creep slowly (showing aging) before 

arresting, reflecting their glassy nature[6][5]. 

A unique challenge in rheometry of Carbopol is the history dependence. These gels hold 

residual stresses unless carefully presheared. It is now standard practice to precondition 

samples by high-shear preshearing or repeated flow cycles to erase history[6]. Wall slip is 

another concern: the uncrosslinked polymer can slip at smooth boundaries, so roughened 

geometries are typically used for accurate measurements[5]. Modern studies have begun 

employing advanced rheometric techniques: for instance, needle-induced cavitation (NIC) has 

been applied to Carbopol, enabling measurement of interfacial tension and elastic modulus by 

https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=match%20at%20L1543%20also%20occur,microstructure%20crowding%20that%20prevails%20in
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=match%20at%20L1543%20also%20occur,microstructure%20crowding%20that%20prevails%20in
https://www.mdpi.com/2311-5521/4/1/3#:~:text=The%20reason%20for%20the%20successful,as
https://www.mdpi.com/2311-5521/4/1/3#:~:text=The%20reason%20for%20the%20successful,as
https://pubmed.ncbi.nlm.nih.gov/37220652/#:~:text=Measuring%20the%20surface%20tension%20of,on%20Carbopol%20gels%20via%20a
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=For%20low%20shear%20stresses%20below,It%20indicates
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=For%20low%20shear%20stresses%20below,It%20indicates
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=For%20low%20shear%20stresses%20below,It%20indicates
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=For%20low%20shear%20stresses%20below,It%20indicates
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=,Agarwal%20and
https://pubs.rsc.org/en/content/articlehtml/2020/sm/d0sm01196g#:~:text=At%20a%20Carbopol%20mass%20fraction,response%20is%20controlled%20by%20the
https://www.mdpi.com/2311-5521/4/1/3#:~:text=,Sweep%20Tests
https://www.mdpi.com/2311-5521/4/1/3#:~:text=The%20reason%20for%20the%20successful,as
https://www.mdpi.com/2311-5521/4/1/3#:~:text=The%20reason%20for%20the%20successful,as
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=stress%20materials%20since%20their%20flow,Piau%202007
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=Image%3A%20Figure%C2%A07%3A%20Shear%20stress%20as,51
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=stress%20materials%20since%20their%20flow,Piau%202007
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=The%20results%20shown%20in%20Figure,2008
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=The%20results%20shown%20in%20Figure,2008
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https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=of%20shearing%20is%20then%20reached,A
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tracking bubble formation in the gel[4]. Microfluidic and microrheology methods (e.g. 

particle tracking) are also under exploration to probe local gel properties. 

Gelation and Microstructure 

Carbopol gelation is a polyelectrolyte-driven swelling transition. In practice, dry 

Carbopol powder (often partially neutralized) is dispersed in water, then titrated with base. 

Swelling is rapid: microscopy shows individual dry particles (~10–50 μm) quickly hydrate in 

seconds (Figure 3). The particles grow dramatically during the first few seconds of exposure 

to neutral water[6]; most of the expansion occurs within ~5 s, and by ∼40 s they reach near-

final size, after which further growth is minimal[6]. The process is driven by osmotic pressure 

from dissociated carboxylates, counterions and solvent uptake. Swollen particles can become 

optically diffuse, and full visual distinction between particle and solvent is lost once 

neutralized[6]. Confocal and light-scattering studies confirm that fully swollen Carbopol 

microgels are soft, highly deformable spheres, polydisperse up to ~10–20 μm 

(Figure 4)[6][3]. 

Mechanistically, Carbopol microgels are often modeled as soft colloidal particles or 

crosslinked polymer networks. Two complementary pictures coexist: one views yielding as a 

colloidal glass/jamming transition (particles caging neighbors)[6][6]; the other as a network 

rubbery gel where chains are stretched by Coulomb repulsion and must overcome inter-chain 

attractions to flow. Theoretical models (Donnan equilibrium, Flory theory) describe how 

dissociation of H⁺ creates an osmotic pressure that balances elastic restoring forces of the 

network. In fact, at full swelling the network modulus G can equal the internal osmotic 

pressure of trapped ions[6]. The Debye screening (salt content) also matters: adding salt 

screens charges, reduces swelling, and lowers stiffness. 

Particle interactions govern macroscopic rheology. At low concentrations (<~0.2 wt%), 

Carbopol dispersions are essentially viscous, with negligible elasticity[3]. As concentration 

increases toward a critical jamming threshold c_c, the particles crowd and begin to form a 

percolated network. In our soft-matter study [13], a jamming transition was observed at ~1–

2 wt% for aqueous Carbopol (C974P) (Figure 2) and slightly higher for glycerol-containing 

systems[3][3]. Above this threshold, a low-frequency G′ plateau emerges (solid-like behavior) 

and a large yield stress appears. The rheology near jamming follows predictions for soft 

sphere suspensions: e.g. the relative viscosity diverges as volume fraction approaches φ_j[3]. 

In fact, [17] found that Carbopol in various solvents fits a Mooney-type hard-sphere equation 

for relative viscosity, with deviations explained by reduced swelling in a viscous solvent 

(PEG)[3]. 

Large-strain behavior (yielding) involves structural breakdown. Under shear, particles 

deform, detach, and flow. The critical strain at yield is typically on the order of a few percent 

to tens of percent[6]. In shear startup or stress creep, one often observes shear banding and a 

transient “fluidization” step. Moreover, Carbopol gels exhibit a pronounced thixotropic regime 

just above yielding: upon applying a step stress slightly above τ_y, the sample initially deforms 

slowly (“creeps”) until an avalanche of flow sets in[5]. This avalanche effect implies a strong 

nonlinearity in the structural breakdown kinetics. After this transient, at higher stresses the 

gel behaves nearly time-independent (little thixotropy beyond yield)[5]. 

Formulation Parameters 

The rheology of Carbopol gels is highly sensitive to formulation details: 

https://pubmed.ncbi.nlm.nih.gov/37220652/#:~:text=Measuring%20the%20surface%20tension%20of,on%20Carbopol%20gels%20via%20a
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=The%20white%20spots%20with%20associated,water%20was%20reported%20in%20other
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=The%20white%20spots%20with%20associated,water%20was%20reported%20in%20other
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=Insignificant%20particle%20growth%20was%20noted,Photos
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=,2018a
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=,2018a
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=Microgels%20represent%20one%20of%20a,amorphous%20materials%20have%20been%20identified
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=Microgels%20represent%20one%20of%20a,amorphous%20materials%20have%20been%20identified
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=%282
https://pubs.rsc.org/en/content/articlehtml/2020/sm/d0sm01196g#:~:text=Oscillatory%20tests%20at%20small%20amplitudes,and%20the%20thermal%20energy%20of
https://pubs.rsc.org/en/content/articlehtml/2020/sm/d0sm01196g#:~:text=Image%3A%20image%20file%3A%20d0sm01196g,indicate%20the%20power%20law%20trends
https://pubs.rsc.org/en/content/articlehtml/2020/sm/d0sm01196g#:~:text=Image%3A%20image%20file%3A%20d0sm01196g,indicate%20the%20power%20law%20trends
https://pubs.rsc.org/en/content/articlehtml/2020/sm/d0sm01196g#:~:text=Carbopol%20mass%20concentration,the%20same%20curve%2C%20while%20the
https://pubs.rsc.org/en/content/articlehtml/2020/sm/d0sm01196g#:~:text=Carbopol%20mass%20concentration,the%20same%20curve%2C%20while%20the
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=,Agarwal%20and
https://www.mdpi.com/2311-5521/4/1/3#:~:text=performed,time%20to%20reach%20steady%20state
https://www.mdpi.com/2311-5521/4/1/3#:~:text=performed,time%20to%20reach%20steady%20state
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 Neutralization and pH: The choice and amount of neutralizing agent (NaOH, 

triethanolamine, KOH, etc.) sets the pH and thus the degree of charge on the polymer. 

Rheologically, there is an optimal neutralization: maximum G′ and yield stress are typically 

achieved around pH ≈4–6.0[6]. For example, Agarwal and Joshi (2019) and others report that 

dispersions neutralized near pH 5 have the highest elasticity and yield stress, while under- or 

over-neutralized systems (pH far from 5) are weaker[6]. This is because at optimal pH, the 

polymer is fully ionized but not overly screened by counterions. Conductivity measurements 

further show that as Carbopol is neutralized, the ionic strength and counterion distribution 

evolve in complex ways (e.g. conductivity minima at ~0.05 wt% due to H⁺ consumption)[6]. In 

practice, formulations often target pH ~6–7 to maximize viscosity while maintaining skin-

friendliness. Figure 5 (cyan vs red curves) illustrates how pH rises as neutralizer is added; 

note that different polymer grades and concentrations shift this curve. 

 Polymer Concentration: Naturally, gel stiffness and yield stress grow steeply with 

Carbopol concentration. At very low concentrations (<0.2 wt% in water) there is essentially 

no elasticity[3]. As shown in Figure 2, increasing from ~0.7 wt% to 8 wt% creates a crossover 

from viscous liquid behavior to a densely jammed solid: G′ develops a broad plateau and can 

reach tens of kPa, while G″ first increases then decays at low frequency. Quantitatively, [46] 

and others have compiled Herschel–Bulkley parameters vs. concentration. For instance, at 

1 wt% one might measure τ_y≈10–20 Pa, whereas at 5 wt% τ_y can exceed 500 Pa[6]. The 

flow index n tends to decrease (more shear-thinning) at higher concentration. The scaling of 

τ_y with ϕ typically follows a rapid power-law or exponential rise characteristic of colloidal 

gels. 

 Cosolvents and Additives: The solvent environment strongly affects swelling. A 

higher-viscosity or poorer solvent (glycerol, PEG) reduces swelling and thus weakens the gel. 

In [13], gels of Carbopol in pure water had higher modulus and yield stress than in a 1:1 

water–glycerol blend. More systematically, Gomes et al. showed that replacing water with 

glycerol or polyethylene glycol shifts the jamming concentration upward and reduces 

effective particle size[3][3]. Co-solvents thus allow tuning of rheology and also slowing down 

dehydration. Similarly, adding small amounts of salts or surfactants can screen charges or 

promote flocculation, dramatically altering yield behavior. 

 Polymer Grade and Copolymer Systems: Carbopol exists in many grades (934, 940, 

980, Ultrez, etc.) with varying crosslink density and manufacturing process[6]. Lower 

crosslink density (e.g. Ultrez 20 vs. 940) yields softer gels with larger swelling ratios. 

Furthermore, acrylate copolymers (e.g. Pemulen™ = Carbopol + C_20–40_ alkylacrylates) 

combine Carbopol networks with surfactant-modified domains. Such copolymers often show 

interesting rheology (e.g. salt tolerance, thermal sensitivity). For example, Noveon AA-1 and 

Pemulen demonstrate shear-thickening or plateau effects in emulsion systems that pure 

Carbopol does not. In multi-polymer formulations (Carbopol + cellulose or Carbopol + 

alginate), the networks may entangle or interpenetrate, yielding composite viscoelastic 

responses. Copolymerization with stimuli-responsive monomers (like N-isopropylacrylamide 

for thermal response) is an emerging field, though examples with Carbopol are still limited. 

Applications of Rheological Behavior 

Carbopol’s unique rheology underpins its applications. In pharmaceuticals, its yield 

stress suspends particles and droplets in creams and gels, providing stability and controlled 

release. In cosmetics, it imparts desirable texture (soft plasticity) and adhesion; for instance, 

https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=941%20microgels%20was%20published%20by,ranges%20of%20varied%20frequency%2C%20%CF%89
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=941%20microgels%20was%20published%20by,ranges%20of%20varied%20frequency%2C%20%CF%89
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=unneutralized%20carbomer%20concentration%2C%20contrary%20to,Hoare%20and%20Pelton%202004
https://pubs.rsc.org/en/content/articlehtml/2020/sm/d0sm01196g#:~:text=Oscillatory%20tests%20at%20small%20amplitudes,and%20the%20thermal%20energy%20of
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=Image%3A%20Figure%C2%A07%3A%20Shear%20stress%20as,51
https://pubs.rsc.org/en/content/articlehtml/2020/sm/d0sm01196g#:~:text=Based%20on%20the%20results%20discussed,of%20the%20swollen%20Carbopol%20particles
https://pubs.rsc.org/en/content/articlehtml/2020/sm/d0sm01196g#:~:text=Based%20on%20the%20results%20discussed,of%20the%20swollen%20Carbopol%20particles
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=polymer%20structure,Lochhead%202017
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the “shear-thinning but easily spreadable” property of Carbopol gels is leveraged in 

skin lotions. Biomedical uses are expanding: Carbopol gels serve as scaffolds for cell culture 

(owing to their high water content and tunable stiffness) and as carriers for drug 

nanoparticles. Its yield stress also makes Carbopol a candidate for injectable gels and 3D 

bioprinting support baths[11]. In industry, Carbopol formulations are used for water-based 

drilling fluids, as well as in consumer products (toothpaste, shampoo, paint) where a non-

dripping gel is needed. Because Carbopol is shear-thinning, it can stabilize foams and 

emulsions by providing a yield-stress barrier to bubble coalescence. 

Challenges and Limitations 

Despite extensive study, several challenges persist in understanding and using Carbopol 

gels: 

 Yield Stress Definition and Measurement: The very concept of a sharp yield stress is 

debated. Many workers use the Herschel–Bulkley fit or oscillatory crossover to define τ_y, but 

these depend on criteria (e.g. G′=G″ crossover) that can shift with frequency[6][6]. Mewis and 

Wagner have pointed out that “fitting a Herschel–Bulkley model does not necessarily imply a 

real yield stress” in a physical sense[6]. Experimentally, low-rate flow curves often take 

extremely long times to reach steady state, and instrument inertia or time-dependent effects 

can obscure the yield point. Cavitation rheology and other novel methods (discussed above) 

offer new definitions, but a universally accepted yield criterion is lacking. 

 Structure–Function Gaps: The microstructure of Carbopol gels under shear is still 

imperfectly known. While confocal imaging (Figure 4) has illuminated the distribution of 

particle sizes, it is hard to visualize the 3D network in situ. During flow, it is unclear whether 

yielding is dominated by interparticle rearrangements, hydrogen bond breakage, or polymer 

chain stretching. Recent reports suggest wall-slip can mask the true bulk behavior[6]. 

Moreover, factors like microparticle polydispersity and the presence of undissolved macro-

clusters complicate the picture. 

 Thixotropy and Aging: Carbopol is often described as a “simple” yield-stress fluid 

with minimal thixotropy. However, careful studies reveal that its structure does rebuild 

slowly during rest, especially at low stresses[6][5]. This aging can make repeated 

measurements (e.g. multiple cycles) inconsistent. Quantifying the kinetics of structural 

recovery is difficult; few studies have rigorously measured a “structural parameter” evolution 

in Carbopol gels. 

 Reproducibility and Batch Variability: Commercial Carbopol grades can vary in 

crosslinker content and impurity levels. Even the same grade from different lots may yield 

different viscosity or clarity. Researchers must calibrate concentration and neutralization for 

each batch, which hampers direct comparisons across studies. Additionally, experimental 

protocols (preshear rate, rest time, temperature) often differ between groups, making it hard 

to aggregate data into general models. 

 Technical Limitations: Conventional rheometers have limitations when working with 

yield-stress fluids. Low-rate measurements risk wall slip or edge fracture, and high stresses 

can cause viscous heating. Some recent work has used rheometer geometries with serrated 

plates or vane fixtures to mitigate slip[5], but no single method is foolproof. Moreover, 

standard oscillatory analysis (SAOS/LAOS) assumes homogeneity, which is violated near 

yielding when shear bands or local failure occur. 

https://www.sciencedirect.com/science/article/abs/pii/S2405886621000087#:~:text=3D%20bioprinting%20of%20cell,terms%20of%20rheology%20and%20printing
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=cross,and%20it%20deforms%20mainly%20elastically
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=cross,and%20it%20deforms%20mainly%20elastically
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=fitting%20experimental%20results%20to%20templates,from%20the%20flow%20curve%20and
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=stress%20%28Bonnecaze%20and%20Cloitre%202010%29,Cloitre%20and
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=of%20shearing%20is%20then%20reached,A
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=of%20shearing%20is%20then%20reached,A
https://www.mdpi.com/2311-5521/4/1/3#:~:text=material%20to%20be%20tested,preferred%20for%20dispersions%20as%20opposed
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In summary, while Carbopol gels are a cornerstone of soft matter rheology, their 

experimental characterization remains subtle, and the link between chemical formulation and 

macroscopic rheology still has gaps. 

Future Perspectives 

The next frontier in Carbopol rheology spans materials development, measurement 

techniques, and applications: 

 Stimuli-Responsive and Hybrid Gels: Incorporating stimuli-sensitive moieties into 

Carbopol networks promises “smart” gels. For example, embedding poly(ionic liquid) 

segments or thermoresponsive acrylates could yield pH- or temperature-actuated stiffness 

changes. Composite Carbopol hydrogels (e.g. interpenetrating networks with silk or PEG) may 

combine high strength with responsiveness. Nano-additives (clays, graphene oxide, magnetic 

particles) are being explored to create shear-yielding but field-tunable gels. Some early 

studies show that adding nanoparticles (graphene, silica) can modify viscoelasticity[11]. 

Interpenetrating polymer networks or double-network hydrogels with Carbopol could also 

enhance toughness and introduce fracture resistance. 

 Advanced Rheometry and Imaging: New measurement methods will continue to 

refine our understanding. Cavitation rheology (NIC) has opened ways to measure surface 

tension and elasticity simultaneously[4]. Microrheological techniques (e.g. diffusing-wave 

spectroscopy, optical tweezers) could map local heterogeneities. Acoustic and ultrasound-

based rheometry might probe deeper into opaque, multicomponent gels. On the modeling 

side, integrating continuum models (e.g. elasto-viscoplastic Saramito model) with 

microstructural information is an active research area[6]. Machine-learning algorithms 

applied to large rheological datasets may uncover new empirical scaling laws. 

 Biofabrication and Smart Delivery: The yield-stress nature of Carbopol is ideal for 

bioprinting and cell-laden constructs. Recent reports show Carbopol supporting even non-

printable polymers, creating high-fidelity extrusions[11]. Future work will likely exploit this 

for complex tissue scaffolds where shear yield allows shape retention. Similarly, in drug 

delivery, Carbopol gels can be engineered for triggered release: pH gradients in the body 

could modulate swelling and permeability. Combining Carbopol with biodegradable or 

bioactive polymers (e.g. hyaluronic acid) could yield injectable hydrogels that stiffen after 

injection, or smart adhesives that respond to enzymes. 

 Computational and Theoretical Advances: Coarse-grained simulations (e.g. Poisson–

Boltzmann sphere models) are closing in on quantitative predictions of swelling and rheology. 

Future multi-scale models may bridge from ion distribution to macroscopic yield. The role of 

polydispersity and chain-length distributions could be investigated with modern polymer 

simulation tools. Additionally, extending the glass/jamming framework to account for the 

polymeric nature of Carbopol (not just hard spheres) is an open question. 

 New Applications: Beyond traditional gels, Carbopol is finding niche uses. Its yield 

stress is exploited in soft robotics (e.g. as a reversible clutch) and in seismic analogues (to 

model lava flow rheology). Coating inks and adhesives using Carbopol are being developed for 

electronics and 3D printing of flexible devices, leveraging its shear-thinning to deposit fine 

patterns. Finally, environmental and safety studies of Carbopol dispersions (e.g. microplastic 

concerns) may emerge as regulators consider polymeric rheology agents more closely. 

In all, the richness of Carbopol-based gels as a research subject ensures continued 

innovation. By coupling advanced rheometry with tailored chemistry, the field is poised to 

https://www.sciencedirect.com/science/article/abs/pii/S0377025720301786#:~:text=fluid%20www,Carbopol%20decreases%20viscosity%20and%20elasticity
https://pubmed.ncbi.nlm.nih.gov/37220652/#:~:text=Measuring%20the%20surface%20tension%20of,on%20Carbopol%20gels%20via%20a
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=match%20at%20L1992%20Validity%20of,2017
https://www.sciencedirect.com/science/article/abs/pii/S2405886621000087#:~:text=3D%20bioprinting%20of%20cell,terms%20of%20rheology%20and%20printing
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develop ever-more sophisticated “smart” gels, while deepening fundamental 

understanding of yield-stress phenomena.  

In the linear viscoelastic regime (SAOS) Carbopol gels behave as elastic solids: G′ is 

essentially constant at low frequency, and G″ increases slowly with ω[6][6]. For example, 

Barry and Meyer (1979) reported G′≫G″ in 1–5 wt% gels, with both moduli rising modestly 

with frequency[6]. Modern SAOS tests confirm that, at strains below ~1%, G′ typically reaches 

tens to thousands of Pascals (depending on concentration) and remains nearly flat to the 

lowest frequencies accessible[6][6]. 

As stress amplitude increases into the nonlinear (LAOS) regime, Carbopol gels yield. 

Amplitude sweep curves (Fig. 1 in [31]) reveal three regions: a linear viscoelastic region (flat 

G′, G″), a yield region (G′ falls, G″ peaks), and a nonlinear flow region where moduli depend on 

amplitude[5]. Notably, beyond the LVR Carbopol often enters a quasi-linear LAOS 

regime[5][6]. Here the strain response remains almost sinusoidal despite large stress, 

indicating that the microstructure changes gradually with increasing amplitude. The 

characteristic yield strain (where G′ and G″ crossover) can depend on frequency: as ω→0 the 

crossover stress approaches a limiting “static yield stress”, but practical measurement 

requires finite frequency[5][5]. 

 
Figure 1. Schematic of a hydrated Carbopol microgel particle. In the dry (solid) state (a) 

the network chains are coiled with COOH groups. Upon neutralization (b–c), acidic groups 

dissociate (COO⁻) and counterions (B⁺, e.g. Na⁺) bind, leading to an osmotic expansion. The inset 

(c) highlights a single crosslink node tethering multiple polymer chains. (Adapted from Jaworski 

et al., 2022[6].) 

https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=For%20low%20shear%20stresses%20below,It%20indicates
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=For%20low%20shear%20stresses%20below,It%20indicates
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=,Agarwal%20and
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=For%20low%20shear%20stresses%20below,It%20indicates
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=For%20low%20shear%20stresses%20below,It%20indicates
https://www.mdpi.com/2311-5521/4/1/3#:~:text=Typical%20results%20for%20a%20stress,effects%20are%20corrected%20for
https://www.mdpi.com/2311-5521/4/1/3#:~:text=The%20reason%20for%20the%20successful,as
https://www.mdpi.com/2311-5521/4/1/3#:~:text=The%20reason%20for%20the%20successful,as
https://www.mdpi.com/2311-5521/4/1/3#:~:text=in%20order%20to%20achieve%20a,19
https://www.mdpi.com/2311-5521/4/1/3#:~:text=in%20order%20to%20achieve%20a,19
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=Image%3A%20Figure%C2%A01%3A%20Schematic%20visualization%20of,c%29%C2%A0in%20more%20detail
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Figure 2. Electron microscopy of Carbopol gel particles. (a) Optical micrograph of a 

Carbopol 934 particle showing an irregular network of sub-micrometer strands (dark regions). 

(b) Cryo-SEM of Carbopol 974P (hydrated) reveals a roughly spherical agglomerate (~5 µm 

diameter) covered in fine ~100–300 nm microgel subunits[6]. 

 
Figure 3. Light microscopy of Carbopol Ultrez-30 particles during hydration. (a) 

Immediately after adding water, particles appear as dark spheres (~20 µm). (b–d) Within 20–

2400 s they swell and become translucent; the linear diameter increases by ~2× within 5 s and 

plateaus thereafter[6]. Scale bars =20 µm. 

 
Figure 4. Confocal fluorescence images of diluted Carbopol microgel (Rhodamine-labeled) 

at 5× magnification. (a) Normally stirred; (b) strongly sheared preparation. Particle size 

https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=That%20conclusion%20can%20be%20supported,2015
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=The%20white%20spots%20with%20associated,water%20was%20reported%20in%20other
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distributions (c) show that high-shear treatment yields smaller, more polydisperse 

microgels (red) compared to gentle stirring (black)[6]. 

Steady shear testing shows typical Herschel–Bulkley behavior. For example, Shafiei et al. 

measured flow curves for Carbopol 934 at various concentrations and pH (Figure 7)[6].  

 
Figure 7:Shear stress as a function of shear rate for different Carbopol 934 concentrations 

(a) (Shafiei et al. 2017), and (b) for different pH of 2% Carbopol 940 gel (Shafiei et al. 2018). 

Copied by permission from Editor of Applied Rheology for Figure 2 of paper 27 (2017) 64433 and 

from Copyright Clearance Center’s RightsLink® for Figure 3b of Polymer 139 (2018) 44-51. 

At 0.5 wt% the material flows at very low shear stress (~10 Pa); by 3.0 wt% τ_y rises to 

~10^2 Pa. The data conform to τ = τ_y + k·γ̇^n with n≈0.3–0.4 (Figure 7a). pH also modulates 

the yield: in Figure 7b one sees that increasing pH generally lowers τ_y (charge screening), 

and highly alkaline gels can lose yield stress (becoming more fluid-like)[6]. Further, 

Figure 8(a)–(b) summarizes H–B parameters across concentrations and pH: both τ_y and the 

flow index n vary systematically[6]. Once flowing, Carbopol solutions shear-thin: the apparent 

viscosity η(γ̇) falls roughly as a power law η∝γ̇^{n–1}. 

 
Figure 8: 

Effects of pH and concentration of Carbopol 934 (Shafiei et al. 2017) and 940 gels 

(Shafiei et al. 2018) on yield stress (a) and flow index (b). 

The influence of formulation on rheology is well documented. Neutralization degree and 

solvent have first-order effects. The swelling (and thus mechanical strength) of the microgels 

increases with the extent of ionization, until counterion condensation or high pH halts further 

gains[6][6]. A classic result is that the shear modulus and yield stress peak at intermediate 

neutralization (often pH≈4–6) and diminish if the pH goes too high[6]. Copolymers or 

additives that affect network connectivity also alter rheology: for instance, adding sodium 

chloride reduces osmotic pressure and weakens the gel, whereas adding multivalent ions can 

https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=Image%3A%20Figure%C2%A04%3A%20Confocal%20microscope%20images,of%20the%20Society%20of%20Rheology
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=Image%3A%20Figure%C2%A07%3A%20Shear%20stress%20as,51
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#j_revce-2020-0016_ref_225
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#j_revce-2020-0016_ref_226
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=Image%3A%20Figure%C2%A07%3A%20Shear%20stress%20as,51
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=Figure%C2%A08%3A
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#j_revce-2020-0016_ref_225
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#j_revce-2020-0016_ref_226
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=941%20microgels%20was%20published%20by,ranges%20of%20varied%20frequency%2C%20%CF%89
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=941%20microgels%20was%20published%20by,ranges%20of%20varied%20frequency%2C%20%CF%89
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=941%20microgels%20was%20published%20by,ranges%20of%20varied%20frequency%2C%20%CF%89
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induce flocculation. Recently, in situ rheometry has measured solid-like relaxation: 

under constant stress below τ_y, Carbopol microgels creep logarithmically over long times, 

highlighting aging behavior[6]. 

Practical rheological behavior is applied across fields. In pharmaceuticals, precise 

control of Carbopol viscosity enables tailored release gels and bioadhesives[3]. The cosmetics 

industry exploits its shear-thinning to formulate stable lotions that spread easily under shear. 

In soft robotics and printing, the yield stress is used to create shape-retaining gels. Advances 

in additive manufacturing have used Carbopol as a support medium for printing hydrogel 

inks[11]. In fluid mechanics research, Carbopol suspensions serve as prototypical yield-stress 

fluids for testing theories of flow localization, fracture, and non-Newtonian transport. 

Despite these advances, several challenges remain. The concept of a well-defined yield 

stress is elusive: different measurement techniques (flow curves vs oscillatory crossover) can 

give different τ_y, and the “true” static yield is technically the limit as frequency → 0[5]. Wall-

slip and instrument inertial effects can contaminate steady-shear data, especially at very low 

shear rates[5][6]. Moreover, the network heterogeneity and polymer entanglements are not 

easily probed during shear. Quantitative models require assumptions (e.g. homogeneity, 

time–temperature superposition) that are only approximately valid. In practice, 

reproducibility can suffer from batch-to-batch variations and slight differences in 

neutralization protocol. Finally, while Carbopol is often treated as almost non-thixotropic, the 

slight structure rebuilding at rest complicates sequential measurements and long-term 

stability predictions[6][5]. 

Looking ahead, several promising directions emerge. Hybrid materials combining 

Carbopol with other polymers or nanoparticles can yield new functionality. For example, 

magnetic or conductive fillers could enable responsive gels for sensors or actuation. Stimuli-

responsive co-polymers (e.g. thermal or light-activated segments) grafted onto the Carbopol 

network could allow tunable stiffness or on-demand gel–sol transition. On the 

characterization front, advanced rheology methods are under development: cavitation 

rheology has already been applied to probe the surface tension and elasticity of Carbopol 

gels[4], and microfluidic rheometry may enable studies of extreme shear environments 

relevant to processing. In biofabrication, recent studies show that Carbopol can facilitate high-

fidelity 3D printing of cell-laden constructs by providing a yield-stress support bath[11]. 

Combining such printing approaches with live cells or bioactive additives opens paths to 

engineered tissues and responsive biomaterials. The integration of Carbopol gels into 

emerging fields (soft robotics, stimuli-delivery systems, environmental remediation gels) is an 

exciting frontier. 

Ultimately, realizing the full potential of Carbopol-based gels will require bridging 

scales: from molecular crosslink chemistry to mesoscopic particle interactions to macroscopic 

flow. Multi-scale modeling and systematic experiments (varying ionic strength, charge 

density, etc.) are needed to unify frameworks. As rheological tools and polymer science 

advance, we anticipate Carbopol gels will not only remain indispensable model systems but 

also evolve into smart, multifunctional materials for the 21st century. 

  

 

 

https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=of%20shearing%20is%20then%20reached,A
https://pubs.rsc.org/en/content/articlehtml/2020/sm/d0sm01196g#:~:text=Microgels%20that%20have%20received%20special,16%E2%80%9319
https://www.sciencedirect.com/science/article/abs/pii/S2405886621000087#:~:text=3D%20bioprinting%20of%20cell,terms%20of%20rheology%20and%20printing
https://www.mdpi.com/2311-5521/4/1/3#:~:text=match%20at%20L856%20as%20the,while%20the%20definition%20of%20yield
https://www.mdpi.com/2311-5521/4/1/3#:~:text=material%20to%20be%20tested,preferred%20for%20dispersions%20as%20opposed
https://www.mdpi.com/2311-5521/4/1/3#:~:text=material%20to%20be%20tested,preferred%20for%20dispersions%20as%20opposed
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=of%20shearing%20is%20then%20reached,A
https://www.degruyterbrill.com/document/doi/10.1515/revce-2020-0016/html?lang=en&srsltid=AfmBOooBBPiFXQizfBgKqa6lJOg1lqP5czyOcwZWx2dg0REPgoAKqN9m#:~:text=of%20shearing%20is%20then%20reached,A
https://pubmed.ncbi.nlm.nih.gov/37220652/#:~:text=Measuring%20the%20surface%20tension%20of,on%20Carbopol%20gels%20via%20a
https://www.sciencedirect.com/science/article/abs/pii/S2405886621000087#:~:text=3D%20bioprinting%20of%20cell,terms%20of%20rheology%20and%20printing
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