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Goal: Measure and understand the flow-induced

microstructural behavior of carbon black

suspensions in general using simultaneous

rheological and structural measurements.

The flow-induced structural behavior of carbon

black suspensions has been widely investigated

due to its relevance in many applications

including inks, coatings, paints, and

electrochemical energy storage methods.

Carbon black has been studied in a variety of

media, but a direct measurement of the

structure of these suspensions while under

shear has proven to be challenging, especially

at higher volume fractions.
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Basic building blocks: 

independent of shear and ϕ

Higher order structures:

dependent on shear, ϕ, interactions, etc. 

Mason number (Mn):

𝐹𝑠ℎ𝑒𝑎𝑟, 𝑑𝑖𝑙𝑢𝑡𝑒 = 6𝜋𝜂𝑠 ሶ𝛾𝑎2

𝐹𝑠ℎ𝑒𝑎𝑟,𝑑𝑒𝑛𝑠𝑒 = 6𝜋𝜂𝑏𝑢𝑙𝑘 ሶ𝛾𝑎2 = 6𝜋𝜎𝑎2

From Stokes’ law:

Suspension as an “effective medium”:

𝜎𝑦 = C
𝜙2

𝑎2
𝐹𝑚𝑎𝑥

Fmax is related to the yield stress [5]: 

𝑀𝑛 =
𝐹𝑠ℎ𝑒𝑎𝑟,𝑑𝑒𝑛𝑠𝑒

𝐹𝑚𝑎𝑥
= C6π𝜙𝑒𝑓𝑓
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Rheo-USANS probes breakup 

Shear-thinning coincides with breakup
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At Bi-1 > 1, Rheo-USANS measurements

are used to quantify the effect of shear

on agglomerate size, Rg, aggl , and fractal

dimension, Df . These results show that

agglomerates break up self-similarly with

increasing shear rate. The extent of this

breakup is a complex function of ϕeff ,

suspending fluid, carbon black type, and

interaction potential.

Carbon black 

type

Suspending 

fluid
ϕeff 

Vulcan XC-72
Propylene 

carbonate
0.12, 0.20, 0.27

Vulcan XC-72 Light mineral oil 0.12, 0.20, 0.27

KetjenBlack EC-

600JD
Light mineral oil 0.20, 0.27
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Bi-1 < 1
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Evidence of structure transition after 300 s
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A bifurcation in agglomerate structure is

measured around Bi-1 = 1. This structure

change is evident in the rheology.

𝑩𝒊−𝟏 = Τ𝝈 𝝈𝒚,𝒂𝒑𝒑

> 20 μm ~ 6 μm

• The inverse Bingham number, 

Bi-1, predicts a transformation 

in agglomerate structure.

General behaviors observed:

• At Bi-1 > 1, the breakup of 

agglomerates depends on the 

Mason number, Mn.

Questions?

Contact me at 

jhipp@udel.edu

• Agglomerates breakup 

self-similarly at Bi-1 > 1. 
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