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properties, when coated onto HA nanoparticles 
(HANP). The dispersants consist of short-chain 
PLA with isosorbide head groups (isPLA), or neat 
dodecenylsuccinic anhydride (DDSA). HANP were 
synthesised via a hydrothermal counter-flow 
process with dispersant coatings added in-situ. 
Neat DDSA was purchased whilst isPLA was 
polymerised via a standard ring-opening route 
involving lactide, a tin catalyst and isosorbide 
initiator. Nanocomposites were compounded in a 
twin-screw recirculating extruder and assessed by 
TEM, rheology and mechanical measurements. 
Preliminary findings show that the addition of 2.5 
wt% uncoated HANP to PLA increases flexural 
strength by 20 % and modulus by 26 % relative to 
neat PLA. Introducing different coatings onto the 
HANP enhanced different mechanical properties: 
flexural strength increased by 22 % with DDSA, 
while modulus increased by 36 % with isPLA. This 
suggests that different mechanical properties can be 
influenced by the choice of HANP coating. 
Improved dispersions with coating were also 
observed in TEMs, and are reflected in the 
rheological responses of the melts during 
isothermal frequency sweeps. 
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Modelling and Optimization of the Cavity 
Transfer Mixer 

The blending of different materials is an important 
process in polymer industry, where a good mixing 
is essential to guarantee adequate performances of 
the finished product. In the 80s a new device called 
the Cavity Transfer Mixer (CTM) was invented and 
patented by Gale at Rapra Technology Limited, as 
an add-on to be mounted downstream of existing 
extruders. The CTM consists of two concentric 
cylinders, the rotor and the stator, both provided 
with staggered rows of hemispherical cavities. The 
inner cylinder rotates, while the outer remains still, 
whereas the pressure load imposed upstream, 
pushes the fluid through the mixer. The result of 
the interaction between the moving geometry, the 
pressure load and the rheology of the fluid is the 

complex flow field driving the mixing mechanisms 
inside the device. Because of the variety of the 
phenomena involved, a clear understanding of the 
CTM mixing processes is still missing and the 
system development encounters noticeable 
difficulties. In this context, the present work 
proposes a full three dimensional model of the 
CTM, able to accurately simulate the device 
operations. A finite element solver provides the 
transient velocity field, which is used in the 
mapping method implementation in order to 
compute the concentration field evolution. A broad 
range of simulations is run assessing the impact on 
mixing of several geometrical and functioning 
parameters, such as the number of cavities per row, 
the number of rows, the size of the mixer, the 
rheology of the fluid and the ratio between the 
rotation speed and the fluid throughput. Results are 
used to develop some design and operation 
guidelines for the CTM. 
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An Investigation on Dispersion State of Graphene 
in Polypropylene/Graphite Nanocomposite with 
Extensional Flow Mixing 

Graphene nanoplatelets (GNP) have attracted 
considerable attention because of their excellent 
mechanical, thermal and electrical properties. Many 
researchers have tried to exfoliate GNP directly 
from graphite (Gr) in polymer by shear flow mixing 
process with twin-screw extruder, internal mixer 
and so on. The reason is that the processing is very 
easy and the process cost is very cheaper than 
producing the GNP directly. By usual shear mixing, 
however, exfoliation of GNP is very difficult and 
the processing is very inefficiency. Hence, 
pretreatments (e.g. chemical treatment and 
mechanical treatment) have been applied to Gr 
before compounding these materials usually. In this 
study, we focused on the extensional flow for 
exfoliating the GNP from Gr without pretreatment. 
Theoretically, shear flow is energetically inefficient 
for dispersion and the droplets can be broken up 
more efficiency in extensional flow from Grace 


