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Introduction 
The use of agrochemicals by both professionals and novices alike has expanded 
with a wide variety of materials available. Fertilizers are used to deliver nutrients 
and facilitate the growth and development of plants while others are used to 
combat pests, insects, and fungi that may damage these crops and plants. 
Agrochemical dispersions are being constantly reformulated and optimized as 
customer demand increases for new materials with wider and better functionality. 
The development of a dispersion must take into account the compatibility of active 
agents, their environmental impact, and the shelf stability and potency of the 
product throughout the lifetime of the formulation, providing a challenge to the 
formulating chemist. 

Formulation of Agrochemical Dispersions 
Agrochemical dispersions are used for a wide variety 
of crop and pest treatments and can exist in a variety 
of forms, including emulsions and suspensions. 
Commonly used formulations need to be studied with 
regards to the 2 types of formulations used:  
 

- Concentrates that require long term stability 
as they will be stored for weeks or months 
before being diluted. 
 

- Dilute and final formulations that usually are 
stable for shorter time periods but need to be 
stabilized only for the duration of the 
application: hours or days.  
 

Defects in formulation homogeneity in the spray tank 
can affect the potency and effectiveness of the 
dispersions due to particle flocculation and phase 
separation events. Formulating these materials to 
reduce these phenomena is key to developing a 
quality product.  
Additionally, the high demand for new, 
environmentally friendly reagents requires these 
dispersions to be re-formulated and the stability 
determined. This review will provide examples of how 
the Turbiscan stability analyzer can be used for 
dispersion characterization and optimization 
throughout this industry.  

Reminder on the technique 
Turbiscan® technology, based on Static Multiple 
Light Scattering (SMLS), consists of sending light  (at 
880nm) into a sample and acquiring backscattered 
(BS) and transmitted (T) signal over the entire 
sample height. By repeating this measurement over 
time with adapted frequency, the instrument enables 
to monitor physical stability (coalescence, cremaing, 
sedimentation, phase separation, etc...).The signal is 
directly linked to the particle concentration (φ) and 
size (d) by the Mie theory: 
 
 
 
 
 
 
 

𝑩𝑺 = 𝒇(φ, 𝒅, 𝒏𝒑, 𝒏𝒇) 

Dispersion stability analysis 
The Turbiscan® and Turbiscan® Stability Index (TSI) 
are ‘must-have’ tools for formulators for fast and 
quantitative formulation screening, rapid product 
development, and quantitative measurements of the 
stability. Turbiscan technology has been used for 
decades by formulators for stability measurements 
and is now recognized as a standard technique for 
direct stability analysis.  
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Stability optimization of microcapsule oil 
dispersions  
Liquid dispersions containing the ethylene inhibitor 1-
MCP, a promising plant growth regulator with proven 
effectiveness in decreasing fruit drop, represent a 
challenge in terms of controlled release. The 
gaseous form of 1-MCP causes a rapid release of the 
active agent, limiting its applications. A possible 
solution would be a sprayable form of microcapsule 
oil dispersion (MCOD) concentrate that can simply be 
diluted in to the final form before use. 1 
 

  
The development time of such formulation can be 
accelerated with the Turbiscan (choice of medium, 
dispersant, emulsification process). In the study1, the 
Turbiscan technology was used to compare and 
evaluate the effect of three different dispersants 
(PIBS, PPGAC, SSU) on emulsion stability. 
Sedimentation was observed in all cases within 26 
hours with SSU having the best results with the least 
amount of sediment. A 14-day visual analysis test 
verified the results given by the Turbiscan in a 
fraction of the time.  

 
Figure 1: Changes in backscattering signal over time of the 1-

MCP/MCOD prepared using different dispersants ((a) PPGAC, (b) PIBS, 
and (c) SSU). 

This provides formulators with confidence that their 
results are accurate and allows the projects to be 
completed in a fraction of the time compared to a 
subjective visual test. 

 
1 RSC Adv., 2019, 9, 23465–23473 

Mean Particle size control for higher potency 
fungicides 
Water based fungicidal suspensions containing solid 
dosage forms suffer from physical destabilizations 
that are closely related to the particle size and can 
result in lower efficiency. The addition of a dispersant 
(ex. lignin) can extend physical stability by providing 
better dispersing properties. To evaluate the 
efficiency of modified lignosulfonate surfactants 
(GCL4-1), different Mw and degrees of sulfonation 
were studied on dimethomorph DMM suspensions.2 

 
Figure 2: Example of the evolution of the Phase thickness (mm) and 

Particle size (um) over time.  

The impact of the dispersant was quantified by 
studying the mean particle size and sedimentation 
phase volume (Fig. 2). The evolution of these 
parameters can be followed over time using 
Turbiscan technology. The authors compared the 
effect of various fractions on DMM suspensions with 
different initial particle size (Fig. 3). 2   

 
Figure 3: Effect of GCL4-1 fractions on: a) Average particle size 

and b) Sediment thickness of DMM suspensions after 1 h. 

A 1-hour Turbiscan experiment showed that a 
moderate Mw surfactant optimized the suspension 
stability and resulted in the lowest particle size values 
after 1h (regardless of initial particle size studied) 
proving to posses the best dispersing properties. 
Utilizing the Turbiscan for both stability and particle 
size analysis in a single experiment can provide 
power and flexibility during the formulation analysis 
process, and provide multiple solutions from a single 
sophisticated tool. 

2Colloids and Surfaces A: Physicochem. Eng. Aspects 441 
(2014), 664–668 
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Optimizing the formulation process and 
conditions 
Lately, researchers have been focusing on 
developing new types of delivery formulations, such 
as O/W emulsions, to replace emulsifiable 
concentrates where quantities of surfactants or 
solvents used to stabilize the formulation can 
represent a risk to the environment and increase 
formulation costs. 
 
The use of O/W emulsions could provide numerous 
advantages as they allow high efficiency of the 
pesticide, low toxicity, and enable easy delivery of the 
formulation to the crops. However, these emulsions 
are prone to instabilities (creaming, flocculation, 
phase separation). Thus, there is a significant need 
to optimize the formulation and preparation process 
to extend the shelf life of these products.  
Choice of surfactant type, concentration & preparation 
method 
In a recent study3, a novel O/W emulsion containing 
𝞴-cyhalothrin was studied to propose a safer and 
more stable formulation using a low-energy 
preparation method. The Turbiscan was used to 
reduce development time and rapidly determine 
optimum HLB values and ideal addition conditions. 
The instrument excels when multiple parameters 
must be analyzed and their effects quantified. 
Different surfactants were investigated to determine 
the optimum HLB values, then the concentration was 
adjusted to ensure the best stability and finally the 
formulation method was studied.  

 
Figure 4: ΔBS % (over 8 h) for formulations with different HLB values 

((a) EL-20; (b) EL-40; (c) EL-60; (d) EL-80). 

HLB loadings were optimized3, to reduce the amount 
of sedimentation, clarification, and overall phase 
separation in the emulsions. ELB-20 (Fig. 4a) 
showed the least amount of variation over the tested 
period and as such was chosen for further 
optimization.  

 
3 Environ Sci Pollut Res 25 (2018), 21742–21751 

Once the concentration of ELB-20 was adjusted, the 
authors evaluated surfactant loadings during the 
preparation process. In the first test (Fig. 5a) the 
surfactant and pesticide agent were added to the oil 
phase before adding water. In the second test (Fig. 
5b) the surfactant was dissolved in water before 
addition to the oil phase containing the pesticide.  

 
Fig. 5 ΔBS % (over 8 h) of pesticide emulsions prepared using (a) EL-20 

in the oil phase; (b) EL-20 in the aqueous phase. 

A significant difference in stability can be noticed 
between the 2 preparation methods. An 8-hour test 
with Turbiscan was sufficient to quantitatively 
determine the best formulation in terms of stability at 
every step of the study. This technique can help to 
optimize the entire product optimization process and 
reduce processing costs by eliminating excess 
surfactant or by using a more cost-effective material 
that would provide the same stability. 
Determination of effective emulsification processes 
Nanoemulsions offer a wide range of applications 
due to their particularity: high stability both from 
kinetic and thermodynamic perspective. Their use in 
the agrochemical industry could prove extremely 
useful as many formulations still require the use of 
toxic solvents or emulsifiers. The stability of 
nanoemulsions is dependent on a small droplet size 
that must be controlled, thus the importance of the 
energy input and emulsification process. A recent 
study4 investigated the impact of the addition 
sequence on the final nanoemulsion. Four methods 
were considered:  
 

 
 
The Turbiscan provides quantitative information 
about occurring destabilization allowing to rapidly 
decide on the most effective method.  

4 Colloids and Surfaces A: Physicochemical and Engineering 
Aspects 497 (2016), 286-292 
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Figure 6: Mean value of ΔBS% in the middle of the cell as a function of 

time. 

A 7-hour test showed that Emulsion A presented the 
smallest variation of ΔBS in the middle of the sample 
(which correlates to droplet size variation) with time. 
Both Emulsions B and D showed signs of flocculation 
and coalescence. As such Emulsion A is the most 
stable formulation and the addition of the surfactant 
to the organic phase and slow addition of water to this 
organic phase gave the best results.  

Reformulation of green dispersions, finding a 
balance between cost and performance 
Finally, with the increased demand for 
environmentally friendly reagents, active materials, 
and solvents, work has been done to probe the use 
of these new green materials in agrochemical 
formulations.  
 
Green/renewable dispersed phase solvents (N,N-
dimethyl decanamide and α-pinene) and a green 
emulsifier (coconut oil derivative) were analyzed for 
overall stability on the Turbiscan device as the 
creaming, flocculation, and TSI index were used to 
evaluate the quality of these dispersions.5 The 
influence of dispersed phase concentration was 
studied. First, the Turbiscan was used to study the 
overall stability of prepared formulations.  
 
To calculate the creaming rate (ω), the authors 
defined the Creaming Index (CI) as follows: 

 
Where, HE is the total height of the emulsion and HS is 

the height of the serum layer.  
 
 

A simple plot of the Mean Value of the BS change 
with aging time (Fig. 7a) allows the rapid identification 

of more stable emulsions. In cases where creaming 
was noticed, the the initial slope of the CI versus 
aging time plot (Fig. 7b) was used to calculate the 
creaming rate (ω) (Fig. 8). The TSI was used to 
provide more quantitative information about the 
overall stability in a single number. 
 

  
Figure 7: (a) Mean value of ΔBS% (zone 20-25 mm); (b) Creaming 

Index (CI) for emulsions with different dispersed phase conc  

 
Figure 8: Creaming rate and the Turbiscan Stability Index for 

emulsions with different dispersed phase conc. 

Optimal oil loadings minimized all effects of creaming 
and flocculation as the one-click TSI parameter was 
able to eliminate the guesswork of comparing 
multiple kinetic graphs during the experiment. The 
35% concentration showed the lowest TSI and thus 
highest overall stability, and the slowest creaming 
rate. This is a powerful tool to provide confidence in 
a formulation evolution even without signs of visible 
phase separation.  

Conclusion 
This review has shown the capability of the Turbiscan 
to characterize and optimize various types of 
agrochemical emulsions and suspensions. The 
results provide accurate, quantitative data for 
dispersion stability analysis and removes the 
guesswork from visual observations. This high-
resolution analysis can even accelerate the stability 
analysis timeframe from days or weeks to a couple of 
days and sometimes hours. This helps move projects 
to completion at a much faster rate than traditional 
methods. The Turbiscan has proven to provide fast, 
and accurate results that can be applied to all types 
of agrochemical formulations: autoemulsifying 
concetrate forms, O/W emulsions, suspensions, 
microemulsions, and microcapsule formulations. 

 

 
5 ACS Sustainable Chem. Eng. 2017, 5, 4127−4132 
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