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Context and Aim of Work

The aim of the HUB MicroFactory is to develop a continuous end to end process with as little material as 
possible.

The aims of this work are
- to identify and overcome limitations of pharmaceutical formulations for 3D printing,
- to implement an Additive Manufacturing MicroFactory,
- to control and improve drug release consistency for a model drug, Mefenamic acid, by microstructure 

control of 3D printed dosage forms. 
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Product performance: Drug release control via micro-structure design

Figure 5: % drug release over time for 3D printed tablet of 50% w/w MFA and SOL15: 47.3% Infill, no top/bottom – pink; 40.6% Infill, 
no top – blue; 37.5% Infill, shell - green. Commercial capsules Mefenamic acid 250mg, Pharmvit, Batch 3448) - red. Data points: 
time (mins) >85% MFA released. Red dashed line – 85% MFA released (n=6).
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Figure 4: Novel integrated Hot-Melt-Extrusion 3D printer: Loss in Weight Feeder, 
HME (Process 11, Thermo Fisher) and 3D printer unit.

Filament Failure Modes in FDM printer PrinterFDM 3D Printer

Mechanical properties: Brittle
filament breaks in drive gear

Mechanical properties: Ductile
low tensile modulus – filament 
collapses in drive gear, higher 

tensile modulus feeds well in drive 
gear

Rheological properties:
Ideal viscosity for 3D printing

Viscosity too high (underdosing,  blockage)
Viscosity too low (overdosing, stringing, 

flash, failure to keep shape)

Drive Gear

Figure 1: 3 point bend test of FDM filaments. 
Stress-strain graph of SOL15SORB 
(85%Soluplus, 15% Sorbitol), 10-50MFA (% 
MFA in SOL15)(n=5).

Figure 2: 3 point bend test of FDM filaments. 
Stress-strain graph of 5-50% PCM (Paracetamol) in 
Affinisol 15LV. (n=5).

Figure 3: Complex viscosity versus temperature of extruded 
pharmaceutical formulations containing 50% drug loading: PCM –
Paracetamol, MFA – Mefenamic acid. PVA – Polyvinyl alcohol.

Hot End

Limitations of pharmaceutical formulations for FDM have been identified and characterised. By 
implementing a novel integrated HME-3D printer, an intermediate feedstock filament in an FDM 
process is no longer required. This opens up the formulation space for many brittle, immediate 
release polymers or highly plasticised polymers in 3D printing of pharmaceutical dosage forms.
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Limitations: conventional FDM printer

• Immediate release polymers lack 
ductility and are very brittle

• High drug loading can result in 
over-plasticisation of formulation / 
filament

• Formulations with too high viscosity


