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De-Risk Nanoparticle production with Advanced Crossflow 

The bottleneck nobody talks about: Why making LNPs at 

scale is harder than inventing them … https://bit.ly/4xmUjiV

From Discovery to Manufacturing: 

Why Nanoparticle Scale-Up Matters

The future of advanced therapeutics—including 

mRNA vaccines, RNA medicines, gene therapies and 

targeted drug delivery systems—depends not only 

on the therapeutic molecule itself, but also on the 

ability to manufacture nanoparticles consistently at 

every stage of development. While many 

formulations achieve excellent results in the 

laboratory, reproducing the same particle size, 

encapsulation efficiency and biological performance 

during scale-up remains one of the greatest 

challenges in pharmaceutical manufacturing. 

Changes in mixing conditions between discovery, 

process development and commercial production 

can alter critical quality attributes, leading to 

increased development time, higher costs and 

greater technical risk.

Advanced Crossflow  (AXF ), developed by 

Micropore Technologies, was designed to address 

this challenge. 

HandBook Micropore Technologies
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Introduction

Unlike conventional nanoparticle manufacturing 

technologies, AXF  uses the same membrane-

based particle formation mechanism from 

microlitre-scale formulation screening through to 

continuous GMP manufacturing. This enables 

researchers to optimise formulations with greater 

confidence that their process can be translated to 

larger production volumes without changing mixing 

geometries or reformulating the product.

Built on more than two decades of research in 

membrane emulsification, controlled droplet 

generation and continuous processing, AXF  

provides a scalable platform for manufacturing lipid 

nanoparticles (LNPs), liposomes, polymer 

nanoparticles and other advanced drug delivery 

systems. The Pathfinder  and Horizon  platforms 

enable a seamless workflow from early-stage 

formulation development through to pilot-scale and 

commercial manufacturing, helping reduce scale-

up risk while accelerating process development.
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From Discovery to Manufacturing: 

Why Nanoparticle Scale-Up Matters
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Introduction

As the Australian and New Zealand distributor for 

Micropore Technologies, ATA Scientific supports 

researchers, biotechnology companies and 

pharmaceutical manufacturers with local expertise, 

applications support and demonstration facilities. 

Combined with world-leading analytical 

technologies—including nanoparticle tracking 

analysis (NTA), dynamic light scattering (DLS), zeta 

potential analysis, microscopy and molecular 

characterisation—we provide a complete workflow 

for nanoparticle formulation, characterisation and 

scalable manufacturing.

This handbook explores the science behind 

Advanced Crossflow  technology, its evolution from 

membrane emulsification research to commercial 

manufacturing platforms, and the growing body of 

peer-reviewed evidence demonstrating its 

application across RNA therapeutics, liposomes, 

polymer nanoparticles and pharmaceutical 

crystallisation. Whether you are developing the next 

generation of RNA medicines or seeking a scalable 

manufacturing solution for complex nanoparticle 

formulations, this guide provides the knowledge 

and practical insights to help bridge the gap 

between discovery and commercial production.

Speak with our nanoparticle formulation 

specialists and request a demo today!

ATA Scientific

www.atascientific.com.au
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CHAPTER 
ONE

5

This section discusses the need for a single, fit-for purpose LNP 

manufacturing technology  

The Biggest Challenge: Scaling 

Nanoparticle Manufacturing

Essential Guide for Nanoparticle Engineering for drug delivery



The Biggest Challenge

Nanoparticles have become a cornerstone of 
modern pharmaceutical development, enabling 
the delivery of complex therapeutics such as 
mRNA vaccines, gene therapies, small interfering 
RNA (siRNA), DNA therapeutics and targeted drug 
delivery systems. 

The success of these medicines depends not only on 

the active pharmaceutical ingredient but also on 

the ability to manufacture nanoparticles with highly 

controlled physical and chemical characteristics. 

Properties such as particle size, size distribution, 

surface charge, morphology and encapsulation 

efficiency directly influence biodistribution, cellular 

uptake, stability, efficacy and safety. 

Biological performance depends strongly on 

consistent nanoparticle properties.
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Scaling Nanoparticle Manufacturing

De-Risk Nanoparticle production with Advanced Crossflow 

Critical Quality Attribute Impact

Particle size Cellular uptake, biodistribution

Polydispersity Batch consistency

Surface charge Stability and biological interaction

Encapsulation efficiency Therapeutic dose delivery

Morphology Biological performance

Stability Shelf life and manufacturing robustness



Formulations that perform well during 
discovery can fail during scale-up

While many formulation technologies can produce nanoparticles at laboratory scale, reproducing 
those same characteristics during process scale-up remains a significant challenge. Small changes in 
mixing dynamics, energy input or flow conditions can alter critical quality attributes, resulting in 
inconsistent performance or regulatory challenges. As RNA therapeutics and precision medicines 
continue to expand, manufacturers require technologies capable of maintaining consistent 
nanoparticle quality from early formulation screening through pilot production and ultimately 
commercial manufacturing.
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Limitations of Conventional Nanoparticle 
Manufacturing Technologies

Several technologies are routinely used to 

manufacture lipid nanoparticles and other 

nanoscale delivery systems, each offering distinct 

advantages and limitations. 

Microfluidic mixers have become widely adopted for 

formulation screening because they provide precise 

control of flow rates and rapid mixing using small 

sample volumes. These systems are particularly 

effective for early-stage development; however, 

scaling production to clinical or commercial 

volumes often requires the parallel operation of 

multiple mixing channels or significant process 

redesign, adding complexity to manufacturing.

Impinging jet mixers offer higher throughput by 

rapidly combining formulation streams at high 

velocity, but the process relies heavily on turbulent 

mixing. Small changes in operating conditions can 

influence nanoparticle formation, making 

reproducibility more difficult to maintain across 

different production scales.

High-pressure homogenisation remains an 

established industrial process for producing 

emulsions and dispersions, yet the high mechanical 

energy involved can expose sensitive biological 

molecules to significant shear forces. This may be 

unsuitable for fragile therapeutics such as mRNA or 

certain proteins. Collectively, these challenges 

highlight the need for manufacturing technologies 

that provide both precise control during formulation 

development and straightforward scalability 

without fundamentally altering the underlying 

particle formation mechanism.
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Scaling Nanoparticle Manufacturing
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Advantages Challenges

High throughput Less control over mixing 
environment 

Simple operation Greater dependence on 
turbulent mixing behaviour

Microfluidic Mixing

Impinging Jet Mixing mixing

Advantages Challenges

Established industrial 
technology 

High energy input & potential 
degradation of sensitive 
molecules 

Suitable for many 
applications

Limited control over 
nucleation events 

High Pressure Homogenisatikon

Advantages Challenges

Good small-scale control Scale-up often requires 
numbering-up multiple 
devices 

Low sample requirements Maintaining identical flow 
conditions across multiple 
mixers can be challenging 

Rapid formulation 
screening

Production throughput & 
cost can become limiting
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In the next section, we explore the AXF method currently being 
used to create LNPs and discuss how the technology has evolved to 
overcome existing production challenges.

Advanced Cross Flow 

Technology – What is it?

De-Risk Nanoparticle production with Advanced Crossflow 



Advanced Crossflow  (AXF ) Technology 

Advanced Crossflow  (AXF ) represents an 
evolution in nanoparticle manufacturing that 
seeks to overcome many of the limitations 
associated with conventional mixing technologies. 
Rather than relying primarily on turbulent mixing 
to generate nanoparticles, AXF  controls particle 
formation through carefully engineered crossflow 
conditions at the membrane interface. 

This approach enables the production of 
nanoparticles under more consistent and 
reproducible conditions while minimising 
unnecessary shear forces.

 A key advantage of AXF  is that the underlying 
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What is it?
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mechanism of particle formation remains consistent 

as production volumes increase. 

This enables formulation scientists to optimise 

process parameters during early development with 

greater confidence that those conditions can be 

translated to pilot and manufacturing scales. 

By reducing the need to redesign the formulation 

process during scale-up, AXF  has the potential to 

shorten development timelines, reduce technical 

risk and improve manufacturing efficiency for 

advanced therapeutics.



The Evolution of Membrane Based Particle 
Engineering

The scientific principles underpinning Advanced 
Crossflow  technology originate from decades of 
research into membrane emulsification. Unlike 
conventional emulsification methods, which rely 
on high-energy mechanical mixing to break 
droplets into smaller particles, membrane 
emulsification generates droplets by gently 
forcing one liquid phase through precisely 
engineered membrane pores into a continuous 
phase. Particle formation occurs at the membrane 
surface, allowing significantly greater control over 
droplet size while reducing shear stress and 
energy consumption.

Over the past three decades, researchers have 
refined membrane materials, pore geometries and 
operating conditions to improve productivity and 
consistency. 
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Born from decades of research

De-Risk Nanoparticle production with Advanced Crossflow 

Advances in crossflow operation, oscillating 
membrane systems and continuous processing 
have progressively transformed membrane 
emulsification from a laboratory technique into a 
viable manufacturing platform.  

These developments ultimately led to the creation of 
Advanced Crossflow  technology, which combines 
controlled membrane-based particle formation with 
continuous processing suitable for pharmaceutical 
development and manufacturing.
Membrane emulsification allows greater control 
over:
• droplet formation 
• particle size distribution 
• shear exposure 
• energy consumption and overall cost



Technology timeline (1986–2026)
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Where it all began

De-Risk Nanoparticle production with Advanced Crossflow 

A visual timeline showing the evolution from the first membrane emulsification concepts to commercial 

AXF systems.
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1986 — Birth of Membrane Emulsification Science

Discovery: Controlled droplet generation through 

membranes

The foundation of Micropore Technologies' 

technology platform began with the invention and 

development of membrane emulsification, first 

demonstrated in Japan by Nakashima and Shimizu. 

Unlike traditional emulsification methods that rely 

on high-energy mixing to break large droplets into 

smaller ones, membrane emulsification introduced a 

fundamentally different approach:

Liquid phase → engineered membrane pores → 

controlled droplet formation → uniform particles

This breakthrough established the concept that 

particle size and distribution could be controlled by 

engineering the environment where particles are 

created.

1990s–2000s — Development of Membrane 

Emulsification Principles

Advancing understanding of particle formation

During the 1990s, academic researchers investigated 

the fundamental mechanisms controlling 

membrane emulsification, including: membrane 

pore size and geometry, droplet growth, detachment 

mechanisms, shear effects, particle size control etc. 

Research demonstrated that membrane-based 

particle generation could provide improved control 

compared with conventional homogenisation. These 

studies established the scientific principles that 

would later underpin Micropore Technologies' 

approach to precision particle engineering.

2003 — Micropore Technologies Founded

Transition from academic research to commercial 

technology

Micropore Technologies’ patented technology was 

invented by Professor Richard Holdich, former Head 

of the Chemical Engineering Department at 

Loughborough University in the UK. 

Micropore Technology Limited was established in 

2003 to commercialise this unique new technology 

and in 2016 relocated from the East Midlands to the 

Wilton Centre on Teesside, in the northeast of 

England, to take advantage of the formulation 

knowledge base and supply chain, employable skill 

base and calibre of investors in this well-established 

UK chemical cluster.

The company’s connection with Loughborough 

University remains strong today, with the University 

maintaining an equity in the business and Dr 

Marijana Dragosavac, current Senior Lecturer within 

Loughborough’s Chemical Engineering department, 

maintaining close ties with Micropore.

The company’s early objective was to transform 

membrane emulsification from a laboratory 

technique into a practical manufacturing technology 

capable of producing uniform emulsions, 

microspheres, encapsulated particles and controlled-

release formulations.  

2004 – Micropore Technologies develop lab scale 

device 

LCD-1 developed

Micropore Technologies developed new approaches 

to improve membrane emulsification performance 

by introducing controlled membrane movement and 

shear. Micropore’s LDC1 Dispersion Cell is a compact 

benchtop dispersion cell aimed at academic 

institutions. It uses a precision engineered circular 

membrane, with a stirrer being used to generate the 

shear required for droplet formation between 10 and 

1000 microns. Each Micropore LDC1 is supplied with 

membranes suitable for either oil-in-water or water-

in oil dispersions.
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2007–2018 — Development of Continuous 

Crossflow Manufacturing

Innovation: Moving from batch processing to 

scalable continuous production

Micropore Technologies expanded the application of 

membrane-based manufacturing into increasingly 

demanding pharmaceutical areas and continuous 

processing. Technologies focused on developing 

systems capable of maintaining particle quality 

during scale-up. The key engineering challenge 

became: How can the same particle formation 

process used during laboratory development be 

maintained at manufacturing scale?

The answer was the development of Advanced 

Crossflow  (AXF ) membrane systems.

In 2018, AXF-1 was introduced which was cGMP ready 

and capable of 200L/hr production. 

2019 — Scientific Awards for Advanced 

Crossflow (AXF ) technology.

2019 ChemE Global Awards: 

Won the Innovative Product category for "Membrane 

Emulsification Finally Comes of Age", highlighting 

their Advanced Crossflow (AXF) technology. LINK

AXF-n was introduced which was cGMP ready and 

capable of 1500L/hr production. 

https://ichemepresident.wordpress.com/tag/micropore-technologies/
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2021 -  ChemE Global Awards: 

Won the Pharma Award for its Versatile Lipid 

Nanoparticle Manufacturing technology, alongside a 

high commendation in a second category.

AXF-mini was introduced which was cGMP ready 

and capable of 1500L/hr production. 

2023 - CPHI Pharma Awards: 

Shortlisted as a finalist in the Accelerating 

Innovation category for the Micropore 

Pathfinder  Design of Experiment (DOE) device.

Introduction of AXF Pathfinder  - Accelerating 

nanoparticle formulation development

The AXF Pathfinder  platform was introduced as a 

benchtop development system designed to allow 

researchers to rapidly optimise formulations before 

scale-up. The same manufacturing principles used 

during formulation development can be transferred 

towards larger-scale production. 

2024 - Peer-Reviewed Validation in mRNA Lipid 

Nanoparticle Manufacturing

Hussain et al. (2024): Production of mRNA lipid 

nanoparticles using advanced crossflow 

micromixing, Journal of Pharmacy and 

Pharmacology

This is one of many publications and an important 

milestone for AXF  by demonstrating its application 

in mRNA lipid nanoparticle manufacturing. This 

provided independent scientific validation that 

Advanced Crossflow  could support next-

generation pharmaceutical manufacturing.

2024–2025 — Horizon  Platform: From 

Development to Manufacturing

Scaling AXF  towards industrial production

The Horizon  platform was developed to extend 

Advanced Crossflow  into larger-scale 

manufacturing environments.



The technology addresses major industry 

challenges that exist today:

Micropore Technologies' evolution from membrane 

emulsification research in 1986 to today's Advanced 

Crossflow  platform represents a transition to 

controlled particle engineering. 

The AXF  platform provides a pathway toward a 

future where nanoparticle formulations can be 

designed, optimised and manufactured using the 

same underlying process principles from discovery 

through commercial production.

Technology timeline (1986–2026)
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2026 - Pharma Industry Awards: 

Shortlisted for the Platform Technology of the 

Year award at the Pharma Industry Awards UK 2026 

for their HORIZON Platform. The winners are 

scheduled to be announced at the awards gala on 

September 23, 2026, at the Park Plaza London 

Riverbank.

Present — Establishing AXF  as a Platform 

Technology

Today, Micropore Technologies is offering Advanced 

Crossflow  as a complete nanoparticle 

manufacturing platform for the emerging era of 

precision medicines.

Industry challenge AXF Solution

Scale up uncertainty Consistent process 
architecture

Batch variability Controlled particle formation

Sensitive biological 
molecules

Reduced shear processing

Complex formulations Flexible particle engineering

GMP transition Single development to 
manufacturing pathway



The Micropore Technologies 
AXF  Platform

Micropore Technologies has commercialised 

Advanced Crossflow  through two complementary 

product families designed to support different 

stages of pharmaceutical development. 

The AXF Pathfinder  systems are intended for 

formulation development, process optimisation and 

early-stage research. These benchtop instruments 

allow researchers to investigate nanoparticle 

formulations using relatively small material volumes 

(~200 μL - 250 ml) while maintaining process 

conditions that are representative of larger-scale 

manufacturing. 

Typical applications include lipid nanoparticles, 

liposomes, polymer nanoparticles, emulsions and 

controlled crystallisation studies.
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The AXF Pathfinder series

The Micropore Pathfinder 

De-Risk Nanoparticle production with Advanced Crossflow 

The Micropore AXF-Mini



The Micropore Technologies 
AXF  Platform

Micropore Pathfinder

The key is the enormous flexibility it offers. Breaking 

the ‘one size fits all’ limitation decreed by alternate 

methods, the Micropore AXF system constructed 

with 316 stainless steel, with seemingly limitless 

variants of membrane design enables fundamental 

research to move forward beyond the current 

paradigm of formulation constraints and 

consumable costs into unchartered, innovative 

discoveries utilising formulation constituents 

currently avoided due to equipment incapability. 

Accepting a novel method requires rigor in testing 

and comparison to known entities, this has been 

easily established for the Pathfinder . As with most 

R&D techniques, the real issue is how to scale up, 

after all, if this research is to be translated to 

treatments, it needs to build to sufficient volumes. 
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How does the Micropore AXF handle scale?

The flexibility of the Micropore AXF system becomes 

clear when moving to scale. The identical mixer can 

move from a single device to deliver a 200 ul sample 

to 250 mL on the Pathfinder series. Specifically, 

what you formulate is absolutely scalable without 

tweaks and changes, which for those who need to 

meet the requirements of the regulators, is 

spectacular. 

If a closed system is required for GMP production, 

the very same mixer on the Pathfinder (AXF-Mini) 

can be used in the Horizon  series. This is an open 

skid design with custom control architecture, SS 

316L throughout – no consumables. Integrated LNP 

manufacture and dilution in a system that is fully 

CFR 21 Part 11 compliant.  

De-Risk Nanoparticle production with Advanced Crossflow 

The AXF Horizon  series



The Micropore Technologies 
AXF  Platform

Clean in place (CIP)/ steam in place (SIP) makes 

economic sense, considering single use fluid paths 

can be very expensive, often well beyond the CIP / 

SIP option. Micropore Technologies is working on 

resolving a major bottleneck in the production of 

nanomedicines. The Tangential Flow Filtration step 

can take many hours to complete and is detrimental 

to the particles reducing EEs considerably – costing 

millions of dollars in payload and time. Not yet 

developed fully, but seductively intriguing, imagine 

using the AXF system as a single pass TFF. 

The Horizon  platform extends the same 

processing principles to larger-scale continuous 

manufacturing (1.6 – 1500 ml/min) to bespoke 

systems of pandemic response volumes. 

Designed to support process development, pilot 

production and eventual GMP manufacturing, 

Horizon  systems provide a pathway for translating 

successful laboratory formulations into scalable 

manufacturing processes. 

Together, Pathfinder  and Horizon  establish a 

continuous workflow from discovery through 

commercial production while maintaining 

comparable process fundamentals throughout 

development. 19

The AXF Horizon  Series 

To wrap up, Micropore offers opportunities to work 

with novel carriers not only due to the construction 

material but also the scope to make changes. 

Not all lipids react in the same way and with an 

increasing number of lipids in development, profit-

driven awash with IP constraints, it’s limiting access 

to 1000’s of researchers and perhaps the discovery 

of a lifesaving treatment.  Current offerings for LNP 

manufacture have very strict boundaries of optimal 

operation evidenced by their inability to effectively 

scale up. 

There is a need to hyperdrive the use of novel 

delivery modalities and the Micropore Pathfinder 

is nicely poised to accommodate. 

De-Risk Nanoparticle production with Advanced Crossflow 
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In the next section, we provide an overview of the most recent 
applications and case studies such as LNP manufacturing, polymer 
nanoparticles, liposomes and API crystallisation. 

Applications of Advanced 

Cross Flow Technology

De-Risk Nanoparticle production with Advanced Crossflow 



The flexibility of Advanced Crossflow  enables its 

application across a broad range of pharmaceutical 

and biotechnology sectors. In RNA therapeutics, 

AXF  offers a promising platform for manufacturing 

lipid nanoparticles used to deliver mRNA, siRNA and 

gene-editing systems. Maintaining consistent 

nanoparticle size, encapsulation efficiency and 

reproducibility is particularly important for these 

applications because small variations can 

significantly influence biological performance and 

regulatory compliance.

Beyond nucleic acid therapeutics, AXF  is well 

suited to the manufacture of polymer nanoparticles, 

liposomes and controlled-release formulations based 

on materials such as PLGA. The technology also has 

applications in API crystallisation, where precise 

control of nucleation and crystal growth can 

influence polymorphism, particle size distribution 

and dissolution behaviour. As pharmaceutical 

development increasingly focuses on complex drug 

delivery systems, technologies capable of controlling 

particle formation with high precision are expected 

to become increasingly important.

Applications of Advanced Crossflow  
Technology

21
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LNP manufacturing case study

A recent paper, “Evaluation of AXF Pathfinder and 

Horizon Mini  for Poly(A) and mRNA Lipid 

Nanoparticle Production”, has been released by the 

Centre for Process Innovation Ltd (CPI) in the UK.

What makes this work particularly valuable is that it 

goes beyond equipment evaluation, providing deep 

insight into formulation development, process 

optimisation, and analytical assessment for LNP 

production. The study explores not just what works, 

but importantly asks “why?” when results fail to meet 

expectations — delivering practical understanding 

that is highly relevant to real-world mRNA and 

nanoparticle workflows.

The paper highlights a key challenge in LNP 

development: not all formulations behave equally, 

and some widely used formulations struggle during 

scale-up. The findings reinforce that chemistry 

remains critical, while demonstrating how the AXF 

Horizon mini  platform can adapt process 

conditions to support formulation performance 

without requiring complete reformulation.

Lipid Nanoparticles

https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf


Metal Phenolic Networks (MPNs)

Researchers from the University of Melbourne, 

Chemical Engineering, studying Metal Phenolic 

Networks (MPNs) for mRNA delivery, were 

investigating mixing methods when they found 

existing off the shelf technologies, that have been 

developed for LNPs, couldn’t easily handle the 

unique requirements of newer MPN formulations. 

Specifically, the requirement to sequentially 

introduce multiple distinct components with 

precisely controlled timing and order presented a 

challenge not addressed by current commercial 

technologies.

Micropore Technologies have already solved many 

issues of scaling complex chemistries in the past. 

ATA Scientific created a test rig with the Pathfinder 

system and some very clever modifications. Theories 

around flow dynamics and introduction speed were 

numerous.  An experiment plan followed, to 

demonstrate the scalability of MPN NPs using 

Pathfinder. Post processing and subsequent analysis 

on the Malvern Panalytical Zetasizer Ultra Red 

proved we had extraordinary success! 

The results of this research project were presented 

during the Australasian RNA Biology and 

Biotechnology Association 2025 Conference, held in 

Sydney from 1-3 September 2025. 

A copy of the abstract is below : 

https://a-rna-2025.p.asnevents.com.au/days/2025-09-

01/abstract/127554 

Applications of Advanced Crossflow  
Technology

22

De-Risk Nanoparticle production with Advanced Crossflow 

To view the  poster, see link 

https://bit.ly/45Frr9w

Or scan the QR code

Polymer nanoparticles

https://a-rna-2025.p.asnevents.com.au/days/2025-09-01/abstract/127554
https://a-rna-2025.p.asnevents.com.au/days/2025-09-01/abstract/127554
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Liposomes

Researchers from the Advanced Drug Delivery 

Group, Sydney Pharmacy School, at the University of 

Sydney, recently published the paper , A highly 

efficient charge-driven method to encapsulate 

bacteriophages in liposomes, in the  International 

Journal of Pharmaceutics, Volume 683, 2025, 126071, 

ISSN0378-5173, 

https://doi.org/10.1016/j.ijpharm.2025.126071 

Using the AXF-mini mixing technology alongside 

traditional CIJ and microfluidic systems, an 

electrostatically driven encapsulation method was 

used to produce phage liposomal formulations using 

cationic lipids (DOTAP). 

Applications of Advanced Crossflow  
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This strategy achieved exceptionally high phage 

encapsulation efficiencies of up to 91% while 

preserving excellent phage viability.

This versatile formulation successfully 

accommodates diverse phage morphotypes, 

demonstrating promising scalability across these 

different manufacturing platforms for future clinical 

and industrial applications.

Image credit: https://doi.org/10.1016/j.ijpharm.2025.126071 
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API crystallisation applications 

A recent study published in Crystal Growth & Design 

demonstrated the advantages of Micropore 

Technologies' Advanced Crossflow (AXF ) system for 

continuous antisolvent crystallisation of the poorly 

soluble API telmisartan. 

By introducing the API solution through laser-

engineered stainless-steel membranes into a flowing 

antisolvent, the AXF system provided highly 

controlled micromixing, enabling precise control 

over supersaturation, nucleation, and crystal growth. 

Applications of Advanced Crossflow  
Technology
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Image credit: https://doi.org/10.1021/acs.cgd.3c00123

Unlike conventional batch mixing, which produced 

inconsistent mixtures of crystalline and amorphous 

material, the AXF platform delivered a far more 

reproducible crystallisation environment and allowed 

researchers to tailor the solid-state form by adjusting 

solvent composition and process conditions. 

The study also demonstrated that the continuous 

crossflow process can consistently produce sub-

micron particles with controlled crystal morphology, 

highlighting AXF's potential to improve API solubility, 

reproducibility, and scalability from early formulation 

development through to commercial 

pharmaceutical manufacturing.

Telmisartan API

https://pubs.acs.org/cgdefu/article/23/5/3720/315200/Antisolvent-Crystallization-of-Telmisartan-Using
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https://pubs.acs.org/cgdefu/article/23/5/3720/315200/Antisolvent-Crystallization-of-Telmisartan-Using
https://pubs.acs.org/cgdefu/article/23/5/3720/315200/Antisolvent-Crystallization-of-Telmisartan-Using
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
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https://doi.org/10.1021/acs.cgd.3c00123
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https://doi.org/10.1021/acs.cgd.3c00123
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Top 15 Papers

Year Publication Significance
2005 Kosvintsev et al. Liquid-liquid membrane dispersion in a 

stirred cell with and without controlled shear. link
Early controlled-shear membrane 
emulsification study.

2006 Holdich et al. Pore Design and Engineering for Filters and 
Membranes. link

Membrane engineering principles.

2007 Stillwell et al. Stirred Cell Membrane Emulsification and 
Factors Influencing Dispersion Drop Size and Uniformity. link

Droplet-size control.

2008 Egidi et al. Membrane Emulsification Using Membranes of 
Regular Pore Spacing. link

Uniform droplet generation.

2010 Holdich et al. Membrane Emulsification with Oscillating and 
Stationary Membranes. link

One of Micropore's seminal engineering 
papers.

2013 Holdich et al. Continuous Membrane Emulsification with 
Pulsed (Oscillatory) Flow. link

Continuous processing advances.

2015 Silva et al. Azimuthally Oscillating Membrane Emulsification 
for Controlled Droplet Production. link

Important precursor to commercial systems.

2016 Morelli et al. Chitosan and Poly(vinyl alcohol) Microparticles 
Produced by Membrane Emulsification. link

Drug delivery applications.

2017 Silva et al. Water-in-oil Emulsions from Hydrophobized Metal 
Membranes. link

Process optimisation.

2020 Holdich et al. High Throughput Membrane Emulsification 
Using a Single-Pass Annular Flow Crossflow Membrane. link

Direct engineering precursor to AXF .

2020 Trotter et al. Membrane Emulsification: From Laboratory to 
Manufacturing. link

Commercial scale-up overview.

2024 Hussain et al. Production of mRNA Lipid Nanoparticles Using 
Advanced Crossflow Micromixing. link

First peer-reviewed paper on AXF for mRNA-
LNP production.

2025 T. Bethiana, et al. (2025). Identifying differential effects from 
eleven mixing techniques on mRNA lipid nanoparticle 
physicochemistry and biological performance. Link

Highlighted excellent performance of AXF 
technology to achieve critical quality 
attributes for mRNA LNPs when compared 
with 10 other technologies.

2025 Yue Cao, et al. A highly efficient charge-driven method to 
encapsulate bacteriophages in liposomes. Link

Liposomal formulation for phage 
encapsulation using AXF Pathfinder – mini.

2026 CPI Technical Evaluation of AXF Pathfinder  & Horizon Mini . 
link

Validation of formulation screening and 
scale-up workflow.

https://pubs.acs.org/iecred/article-abstract/44/24/9323/3528151/Liquid-Liquid-Membrane-Dispersion-in-a-Stirred?
https://royalsocietypublishing.org/rsta/article-abstract/364/1838/161/52284/Pore-design-and-engineering-for-filters-and?redirectedFrom=fulltext
https://doi.org/10.1021/ie0611094
https://hdl.handle.net/2134/9313
https://pubs.acs.org/doi/10.1021/ie900531n?
https://pubs.acs.org/doi/10.1021/ie3020457?
https://aiche.onlinelibrary.wiley.com/doi/abs/10.1002/aic.14894?
https://www.sciencedirect.com/science/article/abs/pii/S1385894715016952
https://hdl.handle.net/2134/26028
https://aiche.onlinelibrary.wiley.com/doi/10.1002/aic.16958?
https://www.researchgate.net/publication/339238325_Membrane_Emulsification_from_laboratory_to_manufacturing?
https://doi.org/10.1093/jpp/rgae122
https://www.biorxiv.org/content/10.1101/2025.11.07.687311v1
https://www.sciencedirect.com/science/article/pii/S0378517325009081?via%3Dihub
https://www.atascientific.com.au/wp-content/uploads/2026/05/Evaluation-of-AXF-Pathfinder-and-Horizon-MiniTM-for-PolyA-and-mRNA-Lipid-nanoparticle-production-ATA-Annotated.pdf
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In the next section, we discuss a suite of robust orthogonal analytical 
tools that can help you accurately measure and control a range of 
key attributes to determine stability and help guide product design 
and production. 

Particle Chacterisation 

Workflow

De-Risk Nanoparticle production with Advanced Crossflow 



By integrating Micropore Technologies' formulation 

platforms with complementary analytical solutions 

such as the Dynamic Light Scattering (DLS) for 

nanoparticle sizing, ATA Scientific can offer 

researchers and industry a complete workflow 

spanning formulation, characterisation and process 

optimisation.

Particle characterisation workflow
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This integrated approach enables users to develop 

nanoparticles, verify their critical quality attributes 

and optimise manufacturing processes using a 

coordinated suite of technologies supported by local 

technical expertise. 

. 

Analytical techniques for nanoparticles

Particle 

size

Poly-

dispersity

Particle 

concentration

Surface 

charge

Thermal

stability

Binding 

interaction

Dynamic Light Scattering
✓ ✓ ✓

Inline/online DLS
✓ ✓

Multi Angle DLS (MADLS)
✓ ✓ ✓

Nanoparticle Tracking Analysis (NTA)
✓ ✓ ✓

Electrophoretic Light Scattering (ELS)
✓ ✓

Laser Diffraction
✓ ✓

Differential Scanning Calorimetry 

(DSC) ✓ ✓

Isothermal Titration Calorimetry 

(ITC) ✓ ✓

Grating Coupled Interferometry 

(GCI): ✓

Microfluidic Modulation 

Spectroscopy (MMS) ✓

https://www.atascientific.com.au/products/zetasizer/
https://www.atascientific.com.au/products/nanoflowsizer/
https://www.atascientific.com.au/products/zetasizer-ultra/
https://www.atascientific.com.au/products/malvern-nanosight-pro/
https://www.atascientific.com.au/products/zetasizer-ultra/
https://www.atascientific.com.au/measurement-principle/laser-diffraction/
https://www.atascientific.com.au/measurement-principle/calorimetry-isothermal-differential-scanning/
https://www.atascientific.com.au/measurement-principle/calorimetry-isothermal-differential-scanning/
https://www.atascientific.com.au/measurement-principle/calorimetry-isothermal-differential-scanning/
https://www.atascientific.com.au/measurement-principle/calorimetry-isothermal-differential-scanning/
https://www.atascientific.com.au/products/creoptix-wave/
https://www.atascientific.com.au/products/creoptix-wave/
https://www.atascientific.com.au/application/protein-conformation/
https://www.atascientific.com.au/application/protein-conformation/


Essential Analytical technologies 

Accurately measuring and carefully controlling a 
range of properties can help inform LNP design, 
and stability while also optimising production 
processes. Here we discuss some of the key 
analytical technologies that characterise critical 
quality attributes (CQAs) of LNPs.

The importance of LNP size, polydispersity, and 
concentration
Size is a critical attribute for the function of LNP-
based therapies. It can determine tissue penetration 
and efficacy and identify potential instability 
typically displayed as aggregation due to external 
stresses. 

Sizing up your LNPs: available tools & techniques
LNP-based therapy developers have a selection of 
size-measuring analytical techniques at their 
disposal when it comes to efficiently and reliably 
measuring LNP vector size — namely single-angle 
Dynamic Light Scattering (DLS), Multi-Angle 
Dynamic Light Scattering (MADLS), and 
nanoparticle tracking analysis (NTA). These 
techniques cover a wide particle size range.

Dynamic Light Scattering (DLS)

In DLS, a light source illuminates a dispersion of 

particles that scatter light in all directions, with 

some of this scattering detected at a single, 

specified angle. Analysing the scattering intensity 

fluctuations gives the velocity of the Brownian 

motion, which is then used to calculate the particle 

size using the Stokes-Einstein relationship.
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The Malvern Panalyical Zetasizer DLS system can 

detect particles ranging from 10s of μm to 1 nm and 

below, including mRNA-LNPs (which typically range 

from ~50–150 nm) and at high concentrations. DLS 

is ideal as a rapid screen for sample degradation or 

aggregation, indicating whether deeper 

investigation of size is needed. DLS also uses 

minimal sample volumes (~20 μl) non-destructively, 

meaning precious samples can be reused in other 

assays.

However, when it comes to single-angle 

(backscatter) DLS, larger aggregates tend to scatter 

more light in the forward angle, meaning it can be 

difficult to detect the presence of LNP aggregates. 

For this reason, complementary techniques like 

MADLS and NTA can be used to verify results. 

Diagram showing how dynamic light scattering works.

Malvern Panalytical Zetasizer Ultra

De-Risk Nanoparticle production with Advanced Crossflow 
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Multi-angle dynamic light scattering (MADLS)
Malvern Panalytical Zetasizer Ultra includes MADLS 
which measures samples at multiple angles, offering 
improved resolution as well as angle independent
particle size distribution. It provides a more accurate 
representation of the different populations present 
in the sample, and a higher resolution size 
determination of multi-modal samples. It can also 
consistently detect low numbers of larger 
aggregates (which are inherently harder to detect 
with single angle DLS). 
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Malvern Panalytical NanoSight Pro 

Like DLS, MADLS can detect even the smallest LNPs, 
with a detectable size range of 10 μm to 1nm and 
below. Using a known refractive index is a key 
consideration for using MADLS as is the absorption 
of the sample material and dispersant. Since RNA 
can change the refractive index of a sample, users 
need to know if samples contain RNA or not. To do 
this, a RiboGreen assay can be used to calculate the 
refractive index or it can calculated from 
compositional analysis data using Size Exclusion 
Chromatography (SEC).

Nanoparticle Tracking Analysis (NTA)
Using the properties of both light scattering and 
Brownian motion Nanoparticle tracking analysis 
(NTA) can determine nanoparticle size distribution of 
samples in liquid suspension. 

For this technique, a laser beam illuminates particles 
in liquid suspension which are loaded into a sample 
chamber. Particles in the path of the beam scatter 
the light, which is then collected by a microscope 
and viewed with a digital camera. The camera 
captures a video of the individual particles moving 
under Brownian motion, with software analysing 
many particles individually and simultaneously, 
particle-by-particle.

By using the Stokes Einstein equation, NTA software 
then calculates the hydrodynamic diameters of the 
particles. NTA does not require any knowledge 
about the material such as RI or absorbance. This 
orthogonal technique described by the ISO standard 
19430 tracks particles in real time to provide size, 
concentration and fluorescence data. 

NTA is a higher resolution technique when 
compared to DLS and MADLS and can be 
particularly useful when analysing polydisperse LNP 
samples and to detect subtle changes in the 
characteristics of LNP populations. NTA uses very 
low volumes (1 μl, before dilution) which is fully 
recoverable and requires little sample preparation, 
however is not suitable for particles below 50nm. 

De-Risk Nanoparticle production with Advanced Crossflow 
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The importance of LNP surface charge 

Optimal surface charge (or zeta potential) is a key 
attribute in the development of LNP therapies that 
will influence solubility and interaction with cellular 
membranes. Knowledge of the surface charge can 
therefore help predict the in vivo fate and activity of 
an LNP therapy. Several factors can influence the 
measured zeta-potential including pH, ionic 
strength and the concentration of other 
components in the solution (such as additives, 
coagulants, and surfactants).

Electrophoretic Light Scattering (ELS)
ELS is most often used to validate the apparent 
surface charge. A dispersion is introduced into a cell 
containing two electrodes, and an electrical field is 
applied across them. Particles with a net charge (or 
zeta potential) migrate towards the oppositely 
charged electrode with a velocity (known as the 
mobility) related to their zeta-potential. A laser is 
passed through the bottom of the cell, with the 
charged particles producing scattered light that is 
frequency shifted in proportion to their velocity. By 
detecting the frequency shifts, we can calculate the 
zeta potential to evaluate formulations for stability 
and predicted uptake efficiency in target tissues. 
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Measuring LNP Stability and Structure  
Beyond size and size distribution, structure and 
structural stability are the key attributes of a 
biotherapeutic drug determining its ability to 
consistently deliver and maintain the desired 
function throughout the manufacturing process, 
administration, and longer-term storage. 

Thermal stability using Differential scanning 
calorimetry (DSC) 
Differential scanning calorimetry (DSC) is a valuable 
and well-established tool for monitoring the thermal 
stability and thermally induced transitions of 
biomolecules like LNPs and nucleic acids. DSC 
measures the heat change associated with a 
sample’s structural transitions when heated at a 
constant rate.

A reference cell with buffer, and a sample cell with 
the sample solution, are maintained at the same 
temperature as they are heated. The absorption of 
heat that occurs when a molecule undergoes a 
structural changes causes a temperature difference 
(ΔT) between the cells, resulting in a thermal 
gradient. The voltage, converted into power is used 
to return ΔT to 0°C. The output of a DSC 
measurement is a thermogram which provides 
multiple parameters for describing the thermally 
induced transitions of samples. 

However, LNP therapies which are prepared in 
physiological buffers, are high conductivity, and 
can suffer from heating effects, degrade or form 
aggregates during measurement.  

The diffusion barrier method prevents degradation 
by separating the sample from the electrodes. A 
small ‘plug’ or aliquot (~20–100 ul) of sample is 
inserted into a folded capillary cell containing the 
same buffer. The amount of sample required for zeta 
potential measurements is also reduced.

De-Risk Nanoparticle production with Advanced Crossflow 
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– What DSC thermograms tell us about a sample?

• Tm (thermal transition midpoint). The higher the 
Tm, the more stable the sample. Changes in Tm 
can indicate structural heterogeneity of the 
sample, or degradation.

• Tonset (thermal transition onset) is the onset of a 
thermal transition event and is used to determine 
the temperature ranges to avoid to maximise 
sample stability. 

• T1/2 (the width of thermal transition at half-
height) reflects the extent of cooperativity of the 
thermal transition. The narrower the transition, 
the more cooperative it is.

• Enthalpy change (ΔH) is the total energy spent in 
a thermal transition and reflects the amount of 
native biomolecule in your sample.

• Higher order structure (HOS): The thermogram 
shape can give us a fingerprint of the molecule’s 
HOS and provide a stability profile. 

• Reversibility reveals the ability of biomolecules to 
re-adopt their native structure upon cooling. Low 
reversibility is characteristic of unfolding events 
accompanied by aggregation and/or chemical 
degradation.
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MMS is A Game Changer in RNA-Ligand Analysis

Microfluidic Modulation Spectroscopy (MMS) 

provides ultra-sensitive, ultra-precise structural 

analysis of a wide range of biomolecules like 

proteins, peptides, antibodies, mRNA, ADCs, and 

AAVs. It measures structural changes due to 

buffer/pH/formulation, stress, point mutations, 

binding partners, and storage conditions. When 

compared to CD or FTIR, MMS can detect structural 

change 20x faster and with 30x greater sensitivity.  

MMS combines a high-power Quantum Cascade 

Laser with real-time buffer referencing.  This 

provides the power to analyse both low and high-

concentration samples, in formulation buffer 

without excipient interference, to detect small but 

critical structural changes.

Illustration of mRNA-LNP thermogram.
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Benefits of Aurora MMS 

What sets this system apart is its ability to perform 
these analyses with minimal sample requirements 
(50µL of sample), high sensitivity and exceptional 
accuracy - all within an automated space-saving 
unit that is simple to operate. 

The Aurora MMS system provides a wealth of 
information about the protein's secondary structure, 
allowing users to gain insights into its folding, 
stability, and conformation. Proteins can be analysed 
at concentrations as low as 0.2 mg/mL to >200 
mg/ml, a capability that was once considered 
impossible with traditional methods.
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Process Analytical Technology (PAT) - Inline 

Sizing of Nanoparticles

PAT aims to ensure constant final product quality, 
with real time in/on-line measurement of product 
characteristics, ideally to provide feedback for 
process control and to reduce waste, minimise 
batch rejects, and reduce production cycling time.

Spatially Resolved Dynamic Light Scattering (SR-

DLS)
SR-DLS offers a non-invasive, online approach that 
can measure particle size distributions (PSDs) of 
undiluted, highly turbid nanosuspensions, in 
process and in flow. The spatial resolution allows 
automated selection of information-rich single 
scattered light from strongly scattering turbid 
nanosuspensions.  NanoFlowSizer can continuously 
monitor particle formation and determine the size 
and polydispersity index (PDI) at any point during 
particle synthesis. Importantly, using the 
NanoFlowSizer, the quality, purity and particle size 
characteristics can be quickly monitored (every 10 
seconds) allowing for in-depth interpretation, 
understanding and continuous improvement of 
processes. 

MMS similarity plot used to detect RNA structural changes 
in the presence of small molecule ligands.

Developing and manufacturing safe and effective LNP therapies 

RedShiftBio Aurora TX 

NanoFlowSizer uses novel SR-DLS technology  for inline, 
real-time sizing of flowing and turbid suspensions.

De-Risk Nanoparticle production with Advanced Crossflow 
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In the next section, we discuss some of the critical questions you 
should be asking when deciding on a nanoparticle formulation 
system.

The Future of Nanoparticle 

Manufacturing

De-Risk Nanoparticle production with Advanced Crossflow 



1) Are you limited with ongoing COST of operation?
Do you need to buy single use cartridges? 
Pathfinder has a 316 Stainless steel construction – Saving you Tens of thousands 
of dollars. 

2) Are you limited by Volume of production?
Do you only produce 20 ml? Do you have to nearly pay double the capital 
expenditure to produce 60 ml and then get charged double for the cartridges? 
Pathfinder Pro125 allows 200 ul to 125 ml production 

3) Do you have Formulation flexibility?
Do you make one flow rate at a time, spending AUD$120 each run? 
Pathfinder gives flexibility to ramp through flow rates (1 -250 ml/min) into 96, 48, 
or 24 well plates supplying discrete fractions. Once settled on the rate you can 
produce into 125 ml Vessel. No extra cost. Imagine 90 formulations at once!
Having issues with incompatible solvents with COC plastic? 
Pathfinder Pro125 does not suffer from this impediment to success. 

4) Are you achieving maximum Particle Quality?
So, you can achieve a nice size and PDI, but how is that Encapsulation Efficiency? 
Pathfinder matches the size and PDI, but it typically produces at a 99% EE. Saving 
you vast amounts. 

5) Is your system Pandemic Ready?
Have you experienced inability to access consumables during pandemics or 
international freight disruptions?
Pathfinder just keeps formulating.
Have you experienced a supplier deleting supply of a consumable rendering the 
technology useless?
Pathfinder just keeps formulating.

Critical Questions when deciding on a 
Nanoparticle Formulation system

Pathfinder formulations are 
GMP Ready from Day 1

Please don’t take my word for it  – Ask for a demo!

Peter Davis |   Mb +61 417 778 971  |  pdavis@atascientific.com.au  
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Nanoparticle manufacturing technologies have 

advanced rapidly to meet the growing demand for 

RNA therapeutics, gene therapies and targeted drug 

delivery systems. Microfluidics remains the 

benchmark for early-stage formulation development, 

while impinging jet mixers and high-pressure 

homogenisers support higher-throughput 

production. However, scaling these processes from 

laboratory research to commercial manufacturing 

can be challenging.

Advanced Crossflow (AXF ) technology overcomes 

many of these limitations by combining controlled 

membrane-based particle formation with 

continuous processing. By maintaining the same 

particle formation mechanism from discovery 

through to manufacturing, AXF  simplifies scale-up, 

improves process consistency and reduces 

technology transfer risk.

When combined with complementary analytical 

technologies—such as the NanoSight Pro, Zetasizer 

Ultra, PEAQ ITC, Creoptix WAVE and Aurora Tx — ATA 

Scientific provides a complete workflow for 

nanoparticle formulation, characterisation and 

process optimisation. This integrated platform 

enables researchers to develop robust formulations, 

verify critical quality attributes and confidently 

transition from laboratory research to commercial 

production.

As demand for advanced therapeutics continues to 

grow, combining scalable manufacturing with 

comprehensive analytical characterisation will be 

essential. 

The Future of Nanoparticle Manufacturing 
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De-Risking Scale-up 

ATA Scientific is uniquely positioned to support 

researchers and manufacturers across Australia and 

New Zealand with the technologies, expertise and 

local support needed to accelerate nanoparticle 

development and manufacturing.

Book a free Pathfinder demonstration with our 

team at ATA Scientific today !



YOUR NAME Company

References:

www.atascientific.com.au

1. New Horizons in Lipid Nano Particle Production: Micropore webinar August 2021. 

https://youtu.be/SP_4zLMzGlc?si=_nXn7uj0zDqJoLS5 

2. Holdich R., Dragosavac M., Williams B., Trotter S. “High throughput membrane emulsification using a single-pass annular 

flow crossflow membrane” AIChE Journal, Volume: 66, Issue: 6, First published: 26 February 2020, DOI: (10.1002/aic.16958)

3. Aust AK. An independent expert’s guide to picking Nanoparticle Manufacturing Equipment [Internet]. [cited 2024 Feb 2]. 

Available from: https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-

manufacturing-equipment-0001

4. Tham B. Are single-use technologies always the answer? [Internet]. 2024 [cited 2024 Feb 2]. Available from: 

https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001

5. Evaluation of AXF Pathfinder and Horizon Mini  for Poly(A) and mRNA Lipid Nanoparticle Production” CPI-QD-22687, 

Version 1.0, 16 April 2026, Centre for Process Innovation (CPI), UK.

6. Bethiana, T., Aljabbari, A., Li, Y. et al. Effects of different mixing techniques on mRNA lipid nanoparticle physicochemistry 

and biological performance. Nat Commun 17, 5890 (2026). https://doi.org/10.1038/s41467-026-72499-1

7. Zhu, Changcheng, et al. "Comparative technical and operational assessment of current and emerging bench-scale lipid 

nanoparticle platforms for production of mRNA vaccines." Vaccine: X (2025): 100771.

8. Yue Cao, Mengyu Li, Dipesh Khanal, Hak-Kim Chan, A highly efficient charge-driven method to encapsulate 

bacteriophages in liposomes, International Journal of Pharmaceutics, Volume 683, 2025, 126071, ISSN 0378-5173, 

https://doi.org/10.1016/j.ijpharm.2025.126071

9. T. Bethiana, A. Aljabbari, Y. Li, H. Mitra, M. Baghbanbashi, G. Harris, S.R. Dasaro, F. Masoomi, F. S. Vago, S. L. Hartzler, M. 

Figueiredo, L. A. Metskas, P. Vlachos, A. Ardekani, Y. Yeo, K. Ristroph (2025). Identifying differential effects from eleven 

mixing techniques on mRNA lipid nanoparticle physicochemistry and biological performance. bioRxiv 2025.11.07.687311; 

doi: https://doi.org/10.1101/2025.11.07.687311  

10. Hussain M, Binici B, O'Connor L, Perrie Y. Production of mRNA lipid nanoparticles using advanced crossflow micromixing. 

J Pharm Pharmacol. 2024 Dec 2;76(12):1572-1583. doi: 10.1093/jpp/rgae122. PMID: 39418130.

11. Davis, Peter. "WHITEPAPER: A Better Way to Create Nanoparticles for in vivo Treatments."

12. https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/ 

13. Matthew John Bennett, Elina Beveniou, Alex Robin Kerr, Marijana M. Dragosavac; Antisolvent Crystallization of 

Telmisartan Using Stainless-Steel Micromixing Membrane Contactors. Crystal Growth & Design 3 May 2023; 23 (5): 3720–

3730. https://doi.org/10.1021/acs.cgd.3c00123

14. Davis, P. (2023). Technology and innovation: Making an Australian genetic medicine manufacturing ecosystem. 

Chemistry in Australia, 36–37. https://search.informit.org/doi/10.3316/informit.109177857819235

15. Huen, Jennifer. "Fast, Controlled, and Consistent: An Exploration of Current mRNA Vaccine Production Technologies." 

Beagle Scientific Inc.,2022.https://cdn.sanity.io/files/66r0hwyz/content-v2/561da7593407e161eb1210133a750611558efd4c.pdf 

16. Malvern Panalytical. Multi-method benchtop analyses to gain novel insight into structure and internal stability of lipid 

nanoparticles for mrna delivery [Internet]. [cited 2024 Feb 2]. Available from: 

https://www.malvernpanalytical.com/en/learn/knowledge-center/application-notes/an230131-vv-lipid-nanoparticles

17. Malvern Panalytical. Challenges in LNP Vector Analysis [Internet]. 2023 [cited 2024 Feb 2]. Available from: 

https://www.malvernpanalytical.com/en/learn/knowledge-center/whitepapers/ebook20230918-lnp-vector-analysis

18. https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-

7479450580013268992-kATX/

36

36

De-Risk Nanoparticle production with Advanced Crossflow 

https://youtu.be/SP_4zLMzGlc?si=_nXn7uj0zDqJoLS5
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/an-independent-expert-s-guide-to-picking-nanoparticle-manufacturing-equipment-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://www.cellandgene.com/doc/are-single-use-technologies-always-the-answer-0001
https://doi.org/10.1038/s41467-026-72499-1
https://doi.org/10.1038/s41467-026-72499-1
https://doi.org/10.1038/s41467-026-72499-1
https://doi.org/10.1038/s41467-026-72499-1
https://doi.org/10.1038/s41467-026-72499-1
https://doi.org/10.1038/s41467-026-72499-1
https://doi.org/10.1038/s41467-026-72499-1
https://doi.org/10.1016/j.ijpharm.2025.126071
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://doi.org/10.1101/2025.11.07.687311
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://www.atascientific.com.au/insights/whitepaper-a-better-way-to-create-nanoparticles-for-in-vivo-treatments/
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://doi.org/10.1021/acs.cgd.3c00123
https://search.informit.org/doi/10.3316/informit.109177857819235
https://search.informit.org/doi/10.3316/informit.109177857819235
https://search.informit.org/doi/10.3316/informit.109177857819235
https://search.informit.org/doi/10.3316/informit.109177857819235
https://search.informit.org/doi/10.3316/informit.109177857819235
https://search.informit.org/doi/10.3316/informit.109177857819235
https://search.informit.org/doi/10.3316/informit.109177857819235
https://search.informit.org/doi/10.3316/informit.109177857819235
https://search.informit.org/doi/10.3316/informit.109177857819235
https://search.informit.org/doi/10.3316/informit.109177857819235
https://search.informit.org/doi/10.3316/informit.109177857819235
https://search.informit.org/doi/10.3316/informit.109177857819235
https://search.informit.org/doi/10.3316/informit.109177857819235
https://www.malvernpanalytical.com/en/learn/knowledge-center/application-notes/an230131-vv-lipid-nanoparticles
https://www.malvernpanalytical.com/en/learn/knowledge-center/application-notes/an230131-vv-lipid-nanoparticles
https://www.malvernpanalytical.com/en/learn/knowledge-center/application-notes/an230131-vv-lipid-nanoparticles
https://www.malvernpanalytical.com/en/learn/knowledge-center/application-notes/an230131-vv-lipid-nanoparticles
https://www.malvernpanalytical.com/en/learn/knowledge-center/application-notes/an230131-vv-lipid-nanoparticles
https://www.malvernpanalytical.com/en/learn/knowledge-center/application-notes/an230131-vv-lipid-nanoparticles
https://www.malvernpanalytical.com/en/learn/knowledge-center/application-notes/an230131-vv-lipid-nanoparticles
https://www.malvernpanalytical.com/en/learn/knowledge-center/application-notes/an230131-vv-lipid-nanoparticles
https://www.malvernpanalytical.com/en/learn/knowledge-center/application-notes/an230131-vv-lipid-nanoparticles
https://www.malvernpanalytical.com/en/learn/knowledge-center/application-notes/an230131-vv-lipid-nanoparticles
https://www.malvernpanalytical.com/en/learn/knowledge-center/application-notes/an230131-vv-lipid-nanoparticles
https://www.malvernpanalytical.com/en/learn/knowledge-center/whitepapers/ebook20230918-lnp-vector-analysis
https://www.malvernpanalytical.com/en/learn/knowledge-center/whitepapers/ebook20230918-lnp-vector-analysis
https://www.malvernpanalytical.com/en/learn/knowledge-center/whitepapers/ebook20230918-lnp-vector-analysis
https://www.malvernpanalytical.com/en/learn/knowledge-center/whitepapers/ebook20230918-lnp-vector-analysis
https://www.malvernpanalytical.com/en/learn/knowledge-center/whitepapers/ebook20230918-lnp-vector-analysis
https://www.malvernpanalytical.com/en/learn/knowledge-center/whitepapers/ebook20230918-lnp-vector-analysis
https://www.malvernpanalytical.com/en/learn/knowledge-center/whitepapers/ebook20230918-lnp-vector-analysis
https://www.malvernpanalytical.com/en/learn/knowledge-center/whitepapers/ebook20230918-lnp-vector-analysis
https://www.malvernpanalytical.com/en/learn/knowledge-center/whitepapers/ebook20230918-lnp-vector-analysis
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/
https://www.linkedin.com/posts/eugenia-s-675325250_can-a-single-technology-platform-support-activity-7479450580013268992-kATX/


Reach out to us
We can help you deliver Scalable Clinical and Commercial 

nanoparticle drug products including RNA-LNPs.

ATA Scientific offers a comprehensive list of services that help de-risk and minimise delays in 
development and accelerate timelines from discovery to commercial scale. 

atascientific.com.au

A red white and blue circle with text

Description automatically generated

37www.atascientific.com.au
37

Essential Guide for Nanoparticle Engineering for drug delivery

A blue text on a white background

Description automatically generated

A logo with black text

Description automatically generated

https://microporetech.com/
https://www.atascientific.com.au/
https://www.inprocess-lsp.com/
https://www.malvernpanalytical.com/en
https://www.redshiftbio.com/

	Slide 1: Handbook  Micropore Technologies   De-risk nanoparticle production with Advanced Cross Flow  2026 Edition
	Slide 2: HandBook Micropore Technologies
	Slide 3: HandBook Micropore Technologies
	Slide 4: Table of Contents
	Slide 5: CHAPTER ONE
	Slide 6: The Biggest Challenge 
	Slide 7: Formulations that perform well during discovery can fail during scale-up 
	Slide 8: Limitations of Conventional Nanoparticle Manufacturing Technologies 
	Slide 9: CHAPTER TWO
	Slide 10: Advanced Crossflow™ (AXF™) Technology  
	Slide 11: The Evolution of Membrane Based Particle Engineering 
	Slide 12: Technology timeline (1986–2026) 
	Slide 13: Technology timeline (1986–2026) 
	Slide 14: Technology timeline (1986–2026) 
	Slide 15: Technology timeline (1986–2026) 
	Slide 16: Technology timeline (1986–2026) 
	Slide 17: The Micropore Technologies AXF™ Platform
	Slide 18: The Micropore Technologies AXF™ Platform
	Slide 19: The Micropore Technologies AXF™ Platform
	Slide 20: CHAPTER THREE
	Slide 21: Applications of Advanced Crossflow™ Technology 
	Slide 22: Applications of Advanced Crossflow™ Technology
	Slide 23: Applications of Advanced Crossflow™ Technology 
	Slide 24: Applications of Advanced Crossflow™ Technology 
	Slide 25: Literature Database 
	Slide 26: CHAPTER FOUR
	Slide 27: Particle characterisation workflow 
	Slide 28: Essential Analytical technologies 
	Slide 29: Essential Analytical technologies 
	Slide 30: Essential Analytical technologies 
	Slide 31: Essential Analytical technologies 
	Slide 32: Essential Analytical technologies 
	Slide 33: CHAPTER FIVE
	Slide 34
	Slide 35: The Future of Nanoparticle Manufacturing  
	Slide 36
	Slide 37

