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Abstract

Field Generator for INSPECT with optimized
Cooling
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Additive manufacturing has proved to be an excellent methodology for rapid prototyping of required components used in
scientific setups. In the past few years, there has been an immense improvement in the physical properties of the printing
material making it possible to have high thermal resistivity with required tensile strength.

In this research, the focus is on the design and development of the field generator housing for INSPECT (In-situ magnetic
particle spectrometer) [1]. The field generator for INSPECT consists of a transmit coil and a gradiometer coil. The
transmit coil is responsible for generating the field required to excite the magnetic nanoparticles. The gradiometer coil
contains two different coils: the cancellation coil and the receive coil for acquiring the response of the magnetic particles
and separating it from the excitation signal. The field generator of INSPECT is designed to monitor the real-time
nucleation and growth of SPIONSs, therefore must withstand a change in temperature depending upon the synthesis
process.

The housing for the field generator is designed using SolidWorks 2020 from Dassault Systémes in France and 3D printed
using Form 3B from Formlabs Inc. in the USA. The material used for printing is a High-Temp Resin from Formlabs Inc.,
with a heat deflection temperature (HDT) of 238 °C at 0.45 MPa [2]. To prevent excessive heating of the transmit coil,
the housing contains small cooling-channels which allow air to across the surface of the coil. Additionally, the housing
also accommodates Polyethylene tubes which are placed concentrically around the transmit coil.

Coolant can be passed through these tubes to achieve additional cooling of the transmit coil using a feedback loop
depending on the synthesis temperature. Furthermore, the field generator is insulated with the help of an 8 mm nonporous
aerogel insulation for thermal resistivity against synthesis temperature [3]. Therefore, the housing offers a versatile
solution in terms of keeping the coil temperature in check irrespective of the external temperature conditions arising due
to magnetic nanoparticle synthesis. The high complexity of the housing makes use of the potential of additive
manufacturing and would not be possible by conventional means.
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