
ϕ







ϕ = 20 vol%, concluded that: “...
.”. In this case, however, in addition to not presenting experimental results and the particle 

– ϕ
only 750 Oe (H ≈ 60 kA/m). In this context, t “

.”.𝜎
authors concluded that: “ 𝜎2

”. From figure 2 of their work, it is clearly seen that the monodisperse particles show the highest 

Similar to Wang’s work, but assuming only monodisperse parti

1.9 or 3.8 µm (size ratio 1:2) and the authors concluded that: “

.”.

ϕ
called “size variance”. However, the technique used to 

igible. The authors, therefore, conclude that: “...𝐺’(𝜔) 𝜂(𝛾̇) 𝐺’(𝜔)𝜂(𝛾̇) .”.

“The concentration in both systems was 10 wt%, and the 
particles were spherical in shape and highly monodisperse, which was also confirmed by microscopic observation.”



“...the highest electrorheological effect occurred with a 50:50 mixed suspension of small and large particles...” 
“The polydispersity of particle sizes clearly influences the electrorheological response of optimal ER materials.”

– 
“MR suspensions with special ratios of coarse and fine 



particles have higher shear stresses under a magnetic field than samples with monomodal powders.” “The yield s

formation in MR suspensions.”

– –
–


“... the G’ of the higher concentrated polydisperse fluid increased only marginally with the magnetic field.” and that “...
fields, the poisoning effect may be responsible for the weaker G’ of the polydisperse suspensions compared 

.”. The “ ” mentioned by the authors comes from previous works: “

for a bidisperse model ferrofluid and was termed “poisoning effect.” (Kantorovich ). “
” (Wang and Holm

𝜙 “The key 

.”.

𝜙
context, the authors conclude that: “…the G’ and G” moduli were dependent on the particle size as well as the proportion of 

highest storage modulus occurring for the monodisperse small particles.”

–


 “...Higher yield 

ress is not fully understood.”




“With the 
particles to a suitable concentration, the viscosity of the MRF decreases remarkably without the magnetic field.” “In 
the same maximum packing, the yield stress can be dramatically augmented by using a bimodal MRF system.”.




“The monodisperse 

polydispersity effectively suppresses it.”. 


0

“Based on these simulation results, we conclude that particle size di

may improve when realistic particle size distributions are utilized.”



(Aldrich #12310), Fe ≥ 99% and, accordi “The mean size and standard deviation of the “small sized particle” 
distributions are 9.27 μm and 4.63 μm respectively. The mean size and standard deviation of the “large sized particle” 
distributions are 120.85 μm and 56.05 μm respectively.”. 

: “The scanning electron microscope photographs... shows that the “small sized particles” are spherical in shape... 
The “large sized particles” are of flake shape. This flake type iron particle may create more friction...”. 

   
“At moderate shear rate MR fluid made of “large sized particles” performs better only at 

low volume fractions of iron particles compared to MR fluids made of low volume fraction “small sized particles” and “mixed 
sized particles”. At moderate volume fraction “mixed sized particle” MR fluids provide the best performance among all three. 
With the increase in volume fraction of iron particles, the shear stress of MR fluids with “mixed sized particles” shows bett
performance compared to the MR fluids containing “small ticles” and “large sized particles” at higher shear rate.”.

 =  0
 =  0.2 

“…would ideally monodisperse MR 
fluids have better MR performance than their polydisperse counterparts for the same mean particle diameter?” 

“From (shear) stress growth curves, static and dyna

ns.” “Overall, this work suggests 

stress nor the high shear behavior.”


 

“...polydisperse MR fluids inherently exhibit a lower off



r MR effect.” 
“…the effect of the polydispersity on the yield stress can be considered as negligible in experiments...” 

“Analysis results on the particle cluster sizes an

of the particles inside the clusters.” 




‡ 

– 
–

“…a

”



“…the effect of 

structure.”




–


–

“…PSD has a 

of MR fluids…”

–

–


–





‡ 𝜙𝑅𝐶𝑃𝜙𝑀𝑎𝑥

–

“The values of 
 … also 

polydispersity.”





–

–

 –

“…at high field 

observed.”

–

𝜙 

 𝜙 
–

–



“Farris effect”, becomes increasingly large at concentrations above 50 vol% and, in the context of MRF, is advantageous to 

𝜙𝜙

authors concluded that, in the case of polydisperse samples, a “poisoning effect” occurs

a “negative” MR effect was generated, which caused a reduction in viscosity.









𝜙

–

recipe that is similar to formulation #12 in the US Patent “Magnetorheological Liquid”, by Oetter 

polydispersity on the viscosity response in the abse’1nce of a magnetic field. If the content of additives were differe






–



Blawzdziewicz, and O’Hern











–

𝝈 𝜶


𝝉 >  𝝉𝒚𝜸̇ >  𝟎. 𝟎𝟎𝟎𝟓

𝝓𝑴𝒂𝒙
𝝓𝑴𝒂𝒙 𝝓𝑹𝑪𝑷𝝓𝑹𝑪𝑷

𝜙𝑅𝐶𝑃 𝜙𝑅𝐶𝑃

Xu, Blawzdziewicz, and O’Hern



radii by 1 + ε, so that the particle size distribution remains unchanged except 

volume fraction, reduces the expansion factor ε, and then tries another expansion step. This is repeated until no expansion 

, thus allowing us to extrapolate to the N → ∞ limit. 𝜙𝑅𝐶𝑃 𝜙𝑅𝐶𝑃 𝜙𝑅𝐶𝑃𝜙𝑅𝐶𝑃

–

𝝓𝑹𝑪𝑷 𝝓𝑹𝑪𝑷



7. The effect of polydispersity on the suspension’s stability:

–

𝜌 ≈ 7860 𝑘𝑔/𝑚3
could use the classical Stokes’ equation to describe the velocity of sedimentation 

𝑣𝑠𝑒𝑑 =  𝑔(𝜌𝑠−𝜌𝑙)𝑑218𝜂
𝜌 the densities of the solid phase (s) and liquid phase (l), respectively; d is the particle’s 𝜂 𝜙 =  0.485), and the most significant limitation of Stokes’ 

𝑆. 𝑅. =  [𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑚𝑢𝑑𝑙𝑖𝑛𝑒 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑚𝑚)𝑖𝑛𝑖𝑡𝑖𝑎𝑙 ℎ𝑒𝑖𝑔ℎ𝑡 𝑀𝑅𝐹 (𝑚𝑚) ]  ×  100





𝜙 𝐻0𝐻(𝑡→∞)

(𝜆 =  850 𝑛𝑚
According to the instrument’s 

“These kinetics are based on the following computation, comparing every scan of a measurement to the 

not depend on the quantity of product in the measuring cell.”

𝑇𝑆𝐼 = ∑ |𝑠𝑐𝑎𝑛𝑖(ℎ)−𝑠𝑐𝑎𝑛𝑖−1(ℎ)|ℎ 𝐻
𝑠𝑐𝑎𝑛𝑖

intervals, which can be adjusted through the instrument’s 

–

– – – –





𝜎𝑔 = 𝑒𝜎 𝜑1 𝛽𝜑1𝛽 𝜙𝑀𝑎𝑥𝐿𝑁

𝜙𝑀𝑎𝑥𝐿𝑁 = 1 −  𝜑1𝜎𝑔−√2𝜋𝛽(1−𝜑1)
𝜙𝑀𝑎𝑥𝐿𝑁 = 𝜙𝑀𝑎𝑥 ≈ 𝜙𝑅𝐶𝑃



𝜶𝑨 𝜶𝑩 𝜶𝑪
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