
Why your Protein A 
resin should be ‘Jetted’

Jetting - Purolite’s patented, novel manufacturing method for 
enhanced product performance

Jetted uniform beads also have several important 
benefits to the environment over standard agarose 
resin beads. Jetting technology is a continuous 
manufacturing process that produces beads in a 
more efficient way, with very high yields, dramatically 
lowering leadtimes and improving the overall 
supply chain.

Since the beads are uniform in size, it removes 
the need for extensive sieving, thus generating 
considerably less waste. Another environmentally 
friendly advantage with this new technology, is that 
it eliminates the need for high levels of organic 
solvents compared to standard agarose resin 
beads, like toluene commonly used in traditional 
manufacturing and is a major advancement 
in ‘green manufacturing’

Environmental Benefits

“It removes the 
need for extensive 
sieving, thus 
generating 
considerably 
less waste.”
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Purolite® is the first 
agarose resin provider 
to produce process-scale 
volumes of a uniform 
particle size bead.

Your trusted partners 
for resin technology 
solutions.
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Purolite® is the first 
agarose resin provider 
to produce process-scale 
volumes of a uniform 
particle size bead.

Your trusted partners 
for resin technology 
solutions.
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Since 1981, Purolite® has grown into the 
world’s premier resin-based separation, 
purification and extraction technology 
manufacturer and innovation leader, 
with manufacturing facilities, advanced 
research laboratories and over 1400 
people employed world-wide.

02



Your solutions company

Purolite Healthcare & Life Sciences focuses on any 
applications involving interactions with people, 
bringing innovative thinking and a distinguished 
history of resin technology expertise to the global 
Life Sciences marketplace.

APIs, enzyme carriers, immobilized enzymes, 
and agarose or synthetic chromatography resins 
for purification and separation, to support research 
and development and production-scale applications 
in pharmaceuticals, protein purification, food 
processing, bioprocessing and fine chemical 
markets.

“We provide solutions 
for our customers’ 
most critical questions.”
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Purolite® Life Sciences has revolutionized the 
future of Protein A chromatography with Praesto®

Jetted A50 by combining for the first time ‘Jetting’ 
technology - an innovative process that produces 
uniform size agarose beads with a very narrow 
particle size distribution - together with a new, high 
performance Protein A ligand, NGL-Impact™ A, 
from Repligen® Corporation.

This best in class Protein A agarose resin is a 
result of combining 70 years expertise between 
Purolite®’s jetted resin innovation, together with 
Repligen®’s ligand technology expertise. Praesto®

Jetted A50 provides superior performance 
characteristics over traditional resins including:

Introduction Key features

Ultra-high capacity up to ~80* g/l, resulting in 
increased productivity from the same volume 
of resin. 

Novel jetted base bead drives higher capacity 
due to increased surface area and improved 
mass transfer.

Exceptional alkaline stability at 0.5 M NaOH, 
with the ability to use high concentrations 
(up to 1.0 M).

Improved process economy, bioburden control, 
and robustness.

Supplied in OPUS
®

pre-packed columns.

* based on in house testing as well as testing reported from independent companies DBC have 
in many cases been demonstrated >80mg/mL, a 40% increase over comparable resins.

“An innovative 
process that 
produces uniform 
size agarose beads 
with a very narrow 
particle size 
distribution.”
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Jetting...
Jetting technology is a new patented method that 
produces agarose beads with a very narrow particle 
size distribution. Purolite® is the first agarose resin 
provider to produce process-scale volumes of a 
uniform particle size bead, for the purification of 
recombinant proteins and monoclonal antibodies.

Jetted resins provide superior performance 
characteristics over traditional resins, including 
improved pressure flow, resolution and packing 
reproducibility due to the bead uniformity.

Jetting - Uniform Particle Size Beads Key benefits of Jetted Resins

Reduced buffer compared to standard resins, 
improving cost and improving productivity.

Less fouling which increases lifetime.

Higher resolution/selectivity for demanding 
separations.

Higher dynamic binding capacity as a result of 
surface area, porosity and ligand optimization.

Improved packing efficiency - reduces expensive 
column packing failures and blockage of nets.

Praesto® Jetted A50 particle size = 95% between 
35 and 90 μm (Uniformity coefficient <1.3). 
MabSelectTM PrismA particle size = 95% 
between 45 and 120 μm (Uniformity coefficient 1.9.)

“Jetted resins 
provide superior 
performance 
characteristics 
over traditional 
resins.”
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Uniform particle sizes
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Supplied in bulk or pre-packed, 
pre-qualified OPUS columns 
from Repligen Corporation

Protein A and Ion Exchange 
Resins

Customizable particle sizes
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Jetting technology is a new patented method that 
produces agarose beads with a very narrow particle 
size distribution. Purolite® is the first agarose resin 
provider to produce process-scale volumes of a 
uniform particle size bead, for the purification of 
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Jetted resins provide superior performance 
characteristics over traditional resins, including 
improved pressure flow, resolution and packing 
reproducibility due to the bead uniformity.

Jetting - Uniform Particle Size Beads Key benefits of Jetted Resins

Reduced buffer compared to standard resins, 
improving cost and improving productivity.

Less fouling which increases lifetime.

Higher resolution/selectivity for demanding 
separations.

Higher dynamic binding capacity as a result of 
surface area, porosity and ligand optimization.

Improved packing efficiency - reduces expensive 
column packing failures and blockage of nets.

Praesto® Jetted A50 particle size = 95% between 
35 and 90 μm (Uniformity coefficient <1.3). 
MabSelectTM PrismA particle size = 95% 
between 45 and 120 μm (Uniformity coefficient 1.9.)

“Jetted resins 
provide superior 
performance 
characteristics 
over traditional 
resins.”
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Jetting technology is a new, patented method that 
produces uniform-size agarose beads. This offers 
superior performance characteristics over traditional 
resins for the purification of recombinant proteins and 
monoclonal antibodies.

A non-solvent process, Jetting has the added benefit of 
being more environmentally friendly when compared to 
traditional manufacturing methods. 

As the only supplier of process-scale volumes of these 
uniform agarose beads, Purolite Life Sciences will help 
you achieve:

• Higher flow velocities
• Column packing efficiency
• Increased resin lifetime
• Higher productivity
• Reduced costs
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Non-solvent, greener 
manufacturing
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Products from other vendors, such as MabSelectTM PrismA or 
MabSelectTM  SuRe LX, are produced by batch wise emulsification
technology, a technology designed in the 1960s. This involves an
agarose solution added to an insoluble, organic continuous phase.

Initially large agarose droplets are formed which are then reduced in 
size by increasing the shear force applied to the droplets. The total 
shear that is exerted on the emulsion is dependent on the viscosity 
of the continuous phase along with mixing forces from the agitator. 
Even with extensive modelling and optimal engineering,  fine 
particles are a natural by-product of how the system operates. 

Once the desired particle size is reached, the shear is removed, 
and gel is cooled to below the gel point. The organic phase is then 
washed out and beads crosslinked to increase rigidity. At a later 
point in the process, the resin particles are screened to remove 
particles either too small or too large in size. 

In contrast, Praesto Jetted resins are produced by a type of 
continuous membrane emulsification technology called ‘Jetting’. In 
this process, the particle size produced is determined primarily by 
two factors:

• Flow velocity of an agarose solution through a membrane
• The membrane orifice size

Jetting technology produces a much tighter distribution of 
particles than traditional batch wise emulsification technologies. The 
time-consuming screening step found in batch wise emulsification is 
not required in the Jetting process, greatly reducing lead times. 

Purolite ‘Jetted’ resins vs. other vendors

Improved cost efficiencies through reduced buffer 
consumption

Increased resin lifetime through reduced fouling

High selectivity for demanding separations

High dynamic binding capacities through 
increased surface area, optimal porosity and the 
latest ligand technology

Precise lot-to-lot reproducibility



Patented, Innovative Manufacturing
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PUROLITE® PATENT 
S. R. Kosvintsev, Pat. 20140264984, 2013, Method of producing uniform 
polymer beads of various sizes. US Pat. 9028730 B2, 2015



Jetting - Advantages in Chromatographic processes

More consistent 
packing characteristics

Advantages 
of Jetting

Higher dynamic
binding capacities

Increased 
efficiency & productivity

Better
kinetics

Improved
resolution



In multiple successive trials, Praesto® Jetted resins have shown 
significantly improved performance over today’s market-leading 
Protein A and Ion Exchange resins. 

Microscope images of Praesto® and MabSelectTM resins

Purolite® Jetting 
Technology

Batch wise 
Emulsification



Business Continuity and Disaster Recovery
Ensuring reliable availability of Praesto® agarose 
resins is vital to customers and is of paramount 
importance to Purolite®. As such Purolite® has a 
real-world security-of-supply system in place to 
support your process requirements for business 
continuity.

All agarose related activities occur at our centralised 
facility in Llantrisant Wales, UK. This includes R&D, 
current manufacturing, customer applications, 
quality and regulatory affairs together with c
ommercial operations.

Raw Materials
Our raw material suppliers are selected and 
qualified fromleading manufacturers. With at least 
one alternative supplier, raw material stock is 
managed through a globally coordinated inventory 
system to ensure security of supply. Additionally, 
quality control protocol is in place.

NGL-Impact™ A was developed as part of Repligen®’s
collaboration with Navigo Proteins GmbH™. This new 
ligand has outstanding performance attributes when 
immobilized on jetted agarose bead technology, with 
ultra-high binding capacities and excellent alkaline 
stability. These attributes are important in providing 
improved monoclonal antibody capture to handle 
increased upstream product titres, and in allowing 
higher concentrations of sodium hydroxide (NaOH) 
for sanitization of resins. Purolite® Life Sciences’s 
jetting technology is a new patented method that 
produces agarose beads with a uniform particle size 
distribution to drive higher capacity and increase 
pressure flow properties.
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commercial operations.

from leading manufacturers, with at least

Repligen®

Repligen® is a bioprocessing-focused life sciences 
company bringing over 35 years of expertise and 
innovation to our customers. Repligen® is a longtime long-time 
market leader in Protein A, with two facilities that 
produce the majority of the global Protein A ligand 
demand to biopharmaceutical customers worldwide. 
Repligen® has comprehensive business continuity 
plans, with multiple Protein A ligand manufacturing 
sites both in Waltham, MA and Lund, Sweden.

The Repligen® and Purolite® Partnership
By consolidating over 70 years expertise between 
Purolite®’s jetted resin innovation, together with 
Repligen®’s ligand technology expertise. Purolite 
Healthcare & Life Sciences has revolutionized the 
future of chromatography by combining ‘Jetting’ 
technology - an innovative process that produces 
uniform size agarose beads with a very narrow 
particle size distribution - together with a new, high 
performance Protein A ligand, NGL-Impact™ A, from 
Repligen® Corporation.



Volume and Number 
Particle Size Distribution 

What do they mean?



NUMBER DISTRIBUTION

The number distribution is the number of particles 
counted of each size, shown as a differential across 
total number of counts. I.e. if there were nine particles 
spread evenly over three sizes the number differential 
would be 33.3% for each size.

VOLUME DISTRIBUTION

The volume distribution is the distribution per volume 
of the particle sizes, shown as a differential of total 
volume of all counts.  Volume is a cubic function of the 
particle size and is representative of the distribution in 
a column fill. I.e. a 100 µm bead will occupy 1000 times 
the volume of a 10 µm bead.

Pressure FlowParticle Size Distribution

¨

Figure 5: Praesto
matrix - 50 µm (CF 1.20) 

used to produce this data
Particle size distribution of Praesto® Jetted A50 compared 
to MabSelectTM Sure LX (traditional batch emulsified).

Pressure flow curveswhen packed in a 20cm ID column enable flow velocities of: 
Max 300cm/h with a 20cm bed height at 1.5 bar
Max 450cm/h with a 10cm bed height at 1.5 bar

Praesto UC = <1.3. MabSelect PrismA UC = 1.9.
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Table 1: Tabulated data for number and volume distribution

Particle Size (D50) / µm Bead Count Number diff % Volume Diff %

10 3 33.3 0.1

50 3 33.3 11.1

100 3 33.3 88.8

A SIMPLIFIED EXAMPLE: 

The difference between number and volume 
distribution is best conceptualized in either tabular 
format or graphically and there are illustrations given 
here in Table 1, Fig 1 and Fig 2. 

For a simplistic distribution of 9 particles, 3 of which 
are 10 µm in diameter, 3 of which are 50 µm in 
diameter and 3 of which are 100 µm in diameter the 
number and volume distribution differential can be 
readily shown.  



FIGURE 1. NUMBER DISTRIBUTION OF THE 9 
PARTICLES FOUND IN TABLE 1. 

FIGURE 2. VOLUME DISTRIBUTION OF THE 9 
PARTICLES FOUND IN TABLE 1. 

CONCLUSION 

In the above example there are equal numbers of each 
particle, but 88.8% of the volume of the nine beads is 
occupied by the three beads which are 100 µm. The three 
10 µm beads each only occupy 0.1% of the total volume, so 
upon viewing the volume differential there are, apparently, no 
fines visible in the distribution.

In a column, not all the space is occupied. For random 
packing of equal or mixed size spheres the void volume itself 
is approximately 1/3rd of the volume of the column and 
these voids are referred to as interstitial voids. 

The volume distribution itself may not indicate any fine 
materials in the column fill, but small particles sit in the

interstitial voids between larger particles, disrupting the flow 
between these particles. In addition, these fines also block 
meshes and frits on the column. Both of these factors can 
limit the flow performance of a packed column and can lead 
to increased back pressure and packing issues. For 
agarose media this can lead to head spaces being formed in 
the column which would require that the column be 
re-packed. Fines also accelerate resin fouling.  

Resolution of the distribution is dependent on the number 
of beads counted alongside bin size, i.e. size range of each 
count. 



Table 2: Tabulated data for number and volume distribution of a typical 50 µm chromatography resin

Particle Size (D50) / µm Bead Count Number diff % Volume Diff %

10 1000 32.30 0.43
20 500 16.15 1.71
30 100 3.23 1.15
40 500 16.15 13.65
50 600 19.38 31.99
60 250 8.07 23.04
70 100 3.23 14.63
80 25 0.81 5.46
90 10 0.32 3.11

100 10 0.32 4.27
110 1 0.03 0.57

A MORE COMPLEX EXAMPLE: 

For a more complex distribution of a 50 µm 
chromatography resin, the difference between volume 
and number distribution can be more significant. 

Traditionally, batch wise emulsification technology is 
used to produced chromatography resins, whether it is 
an agarose, styrenic or acrylic polymer back bone. This 
resin produced has a wide distribution and the course 
and fine material must be removed by a screening (or 
similar process) step, which is both time consuming  

and reduces yield of the resin. Typically, the quoted 
particle size distribution is quoted after 
screening is greater than 95% between two screen 
sizes. 

In the following example 3096 particles are counted 
in 10 µm bins from 10 to 110 µm with a particle size 
distribution greater than 95% within 40 - 100 µm 
specification range. 



FIGURE 3. NUMBER DISTRIBUTION OF BEADS 
COUNTED IN TABLE 2. 

FIGURE 4. VOLUME DISTRIBUTION OF BEADS 
COUNTED IN TABLE 2. 

CONCLUSION 

Despite 96.1% of the resin by volume being within the 40 - 100 micron range, 48.5% of the total number of particles are 
between 10 - 20 micron which can lead to reduced flow performance, increased back pressure issues and potential sites for 
fouling. 

These fines are created as part of a stirred batch emulsification process, and are not present in resins produced using 
Jetting technology.



THE SOLUTION 

If a technology is used which produces only resin 
of the desired size, such as Purolite’s proprietary 
Jetting technology, this can significantly alter the 

number distribution but not have a noticeable 
impact on the volume distribution, this is 
illustrated in figures 5 and 6 respectively. 

FIGURE 5. NUMBER DISTRIBUTION OF A 50 MICRON 
CHROMATOGRAPHY RESIN WITH NO FINES

FIGURE 6. VOLUME DISTRIBUTION OF A 50 MICRON 
CHROMATOGRAPHY RESIN WITH NO FINES



Jetting removes the need for the 
extensive sieving process found in 
traditional batch wise emulsification 
technology. 

This generates considerably less waste 
and results in shorter lead times.



The particle size distribution within the range is 
increased from 96.1% to 98.2%, which is modest, 
with virtually no difference overall in the volume 
distribution (Fig 8) The number distribution 

reduced from 48.5% to circa 2.5% by removing 
most particles 20 micron and under thereby 
eliminating the need for screening and reducing 
the blocking of the interstitial void (Fig 7). 

FIGURE 7. COMPARISON OF NUMBER DISTRIBUTIONS OF DIFFERING PRODUCTION METHODS



FIGURE 8. COMPARISON OF VOLUME DISTRIBUTIONS OF DIFFERING PRODUCTION METHODS



A REAL-WORLD EXAMPLE: 

All previous data sets have been for illustrative 
purposes only, but a real-world example of this is the 
comparison of Praesto® Jetted A50 (a 50 µm bead) 
and MabSelectTM PrismA (a 60 µm bead), as shown in 
Figures 9 and 10 respectively. 

Measurements were taken via optical microscopy, with 
a minimum bead count of 2500 particles per 
measurement and bin sizes of 0.25 micron.  

FIGURE 9. COMPARISON OF VOLUME 
DIFFERENTIAL OF PRAESTO® JETTED 
A50 AND MABSELECTTM PRISMA  

FIGURE 10. COMPARISON OF NUMBER 
DIFFERENTIAL OF PRAESTO® JETTED A50 
AND MABSELECTTM PRISMA  



CONCLUSIONS 

When comparing only the volume distribution there is 
minimal difference in the particle size distribution of 
Praesto® Jetted A50 and MabSelectTM PrismA. 
However, there is stark contrast in the number 
distribution of the two resins. 

Praesto® Jetted A50, which is made using Purolite’s 
proprietary Jetting technology, has no fines and very  
little course material, therefore not requiring
screening. It is a uniform particle size 50 µm bead with 
an average particle size distribution of 95% within 35 
- 90 µm. MabSelectTM PrismA is a 60 µm bead with an
average particle size distribution of 95% within 20 -
100 µm.

In the tested sample of MabSelectTM PrismA, which is 
produced by a batch wise emulsification technology, 
approximately 25% of all particles present are smaller 
than 25 microns, which can block column nets and the 
interstitial voids of a packed bed.



Purolite® is a trusted supplier of resin to the world’s 
most regulated industries with over 35 years’ 
manufacturing and more than 25 years’ regulatory 
experience. Through innovative R&D, Purolite 
Healthcare & Life Sciences offers a range of 
bioprocess scale high flow agarose resins for the 
purification of monoclonal antibodies and 
recombinant proteins. With almost four decades of 
resin knowledge combined with our customer-focused 
approach and global manufacturing capacity, Purolite  
Healthcare & Life Sciences is committed to:

Enhancing the security of supply for agarose resins, 
enabling dual sourcing 

Regulatory and quality expertise 

Innovation – Jetted, uniform particle size agarose

About Purolite Healthcare & Life Sciences

100% focused on resin technology.

One of the world’s largest agarose 
manufacturing facility.

De-risked long-term supply
through dual-sourcing.

25+ years of regulatory experience
from FDA inspected cGMP facility.

Over 35+ years of experience in solving 
advanced R&D and purification challenges.

Purolite Life Sciences brings Purolite’s innovative 
thinking and distinguished history of resin technology 
expertise to the global Life Sciences marketplace. 

Over three decades, Purolite has grown into the 
world’s premier resin technology manufacturer 
and innovation leader, with production plants 
and advanced research labs across the globe.
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