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Overview

• Current hardware materials and potential issues
• Overview of SilcoTek Technology
• Materials properties of Dursan®

• Inertness
• Corrosion resistance
• Anti-protein fouling properties

• Dursan® used in HPLC columns
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Current HPLC materials

Material Mechanically 
strong

Bio-inert Metal free Chemical 
incompatibility

Stainless Steel   
Halogens, some 

acids, pure organic 
solvents

Titanium   
Some acids, 

Methanol and other 
organic solvents

PEEK   
THF, some acids 

slowly attack
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Stainless steel: Inertness issues

Anspach, J.A., Rao, S., Rivera, B., “Bioinert Versus Biocompatible” LCGC Magazine, Volume 36, Issue 6, p. 24-29.

SEC analysis of γ-globulin and ovalbumin by Phenomenex:

Steel:

Titanium:

PEEK:
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Titanium’s Compatibility with Methanol
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Biocompatible ≠ Metal free
Ciprofloxacin:

Thiamphenicol:

M. De Pra, G. Greco and M.P. Krajewski et al., Journal of Chromatography A. 2020, 1611, 460619.
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Silica bed is poisoned by Ti ions

• Once the titanium ions reach 
the silica bed, they cannot 
fully be removed

• Less of an issue on well 
bonded C18 columns, but 
could be an issue at low level 
detection

• But this is just a titanium 
issue?

• Nope…

M. De Pra, G. Greco and M.P. Krajewski et al., Journal of Chromatography A. 2020, 1611, 460619.
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Stainless steel does it too… 
• Kromasil C18 column stored 

under:
• A: Methanol for 6 days
• B: Methanol for 1 day
• C: ACN:Water (60:40) for 7 days

Euerby, M.R., Johnson, C.M., Rushin, I.D., Tennekoon, D.A.S., J. 
Chromatogr. A. 1995, 705, 229-245.

Peak labeled “V” Peak labeled “IV”

“Examination of the stationary phase material showed wide 
variation in colour ranging from white to dark orange.”

“Atomic absorption spectroscopy of silica revealed levels of 250 ppm 
total iron.”
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PEEK issues:

• Mechanically not as robust as 
metal

• Machining inconsistencies

• Frit inconsistencies

• Potential swelling and 
incompatibility with organic 
solvents

• Especially noticeable with THF

Anspach, J.A., Rao, S., Rivera, B., “Bioinert Versus Biocompatible” LCGC Magazine, Volume 36, Issue 6, p. 24-29.

Back pressure when flowing 100% IPA at a rate of 40 mL/min
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Our solution: Dursan® coating on stainless steel:

• Non-line of sight coating (can coat frits)

• Usable in wide pH range: 0-14

• Molecularly bound to the substrate: Good adhesion

• Wear: 2x more resistant than 316 Stainless steel

• Inert to most chemicals
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Current HPLC materials
Material Mechanically 

strong
Bio-inert Metal free Chemical 

incompatibility

Stainless Steel   
Halogens, some 

acids, pure organic 
solvents

Titanium   
Some acids, 

Methanol and other 
organic solvents

PEEK   
THF, some acids 

slowly attack

Dursan®   
Similar to silica 

incompatibilities 
(HF)
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The CVD process
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CVD Coated parts:
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Advantages of CVD Coatings

• Non-line-of-sight deposition; uniformly treats 3D, high 
aspect ratio part geometries

• Molecular adhesion to base substrate.  Won’t flake nor 
delaminate.

• Scalable, versatile, and highly reproducible
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Example of non line of sight coating:

• Cross section of a 2µm nominal pore size frit after Dursan 
coating:

SEM micrograph Iron EDS map Silicon EDS map Oxygen EDS map
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Example of non line of sight coating:

• Cross section of a 0.5 µm nominal pore size frit after Dursan 
coating:

SEM micrograph Iron EDS map Silicon EDS map Oxygen EDS map
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Corrosion resistance in hydrochloric acid

• ASTM G31 guidelines

• 20% (6M) HCl room temperature immersion 24 
hours

• Over 170x improvement with coating

uncoated coated
uncoated                        coated
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Additional corrosion resistance

Corrosive 
media

Bare Stainless 
Steel (MPY)

Dursan coated 
steel (MPY)

Improvement 
multiplier

6M HCl @ 
50°C

3116.1 23.5 133x

Concentrated 
H2SO4

78.45 0.15 523x

48% HBr 2.05 0.29 7x

Bleach 1.70 0.10 17x

Concentrated 
H3PO4 @ 80°C

2.14 0.53 4x

2% TFA No corrosion, 
change in CA

Unaffected -
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Protection against organic solvents

• Frits were left to soak in 
methanol for 1 month

• Results showed significantly 
higher levels of iron, 
chromium, and nickel in the 
uncoated frit container

• Future studies will replicate 
this with titanium substrates
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Bio-Inertness: Non-specific protein 
adsorption studies

• Collaborative study between Abbott 
Laboratories and SilcoTek on protein 
adsorption

• QCM-D with a thin layer of 316L SS 
was coated with Dursan

• Protein solutions were flowed over the 
sensor and the frequency was 
monitored over time Vaidya, S.V.; Yuan, M.; Narvaez, A.R.; Daghfal, D.; 

Mattzela, J.; Smith, D. Appl. Surf. Sci. 2016, 364, 896-908.
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Mouse immunoglobulins and normal 
human plasma adsorption

Vaidya, S.V.; Yuan, M.; Narvaez, A.R.; Daghfal, D.; Mattzela, J.; Smith, D. Appl. Surf. Sci. 2016, 364, 896-908.

© SilcoTek Corporation 2020 – All Rights Reserved 21



Dursan® remains attached to the steel 
surface after sonication.

Dursan

AF1600

30x 100x

Vaidya, S.V.; Yuan, M.; Narvaez, A.R.; 
Daghfal, D.; Mattzela, J.; Smith, D. 
Appl. Surf. Sci. 2016, 364, 896-908.

Delamination of the polymer 
coating leads to active metal 
sites being exposed. 
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Summary of Dursan® benefits

• Conformal coating that can be applied to as built columns, frits, 
tubing, pumps, sampling needles, etc.

• Molecularly bound to the surface and will not delaminate

• More wear resistant than stainless steel and PEEK

• Protects the substrate from corrosive attack

• Provides an inert surface to decrease the amount of molecules 
and/or proteins that adsorb to the surface
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Dursan® coated HPLC columns: 
Customer testimonials

“The coated columns have so far passed all tests bravely. The chromatographic 
separation in standard samples remains unchanged; in the case of biomolecules the 
results were, as expected, much better than in normal steel columns, but also better 
than in the case of pure PEEK columns.”

“We have tried the treated tubes on two different column phases and we are seeing 
an increase in efficiency and improved peak shape.”

“The coating has opened up a whole new window of opportunities; providing a high 
quality problem-solving solution for the industry and our company.”
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Analysis of N-Glycans

• Deglycosylation of a protein is standard in protein and biologic 
analysis

• Sialylated glycans contain carboxylic acids that have weak 
affinity toward metals 

N-Acetylneuraminic acid:
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Analysis of multiple sialic acid residues:

Lauber, Matthew A., et al. "Use of vapor deposition 
coated flow paths for improved chromatography of 
metal interacting analytes." U.S. Patent Application 
No. 16/133,089.
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Our studies on HPLC columns:
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Our studies on HPLC columns
• Three 2.1 mm ID x 100 mm 

columns were packed of each of 
the following:

• All Stainless Steel (A)
• All Dursan coated (B)
• Dursan coated frit and stainless 

steel column (C)
• Titanium frit and stainless steel 

column (D)
• Biphenyl peak in standard HPLC 

mix was used to measure 
efficiency of column

• No change in efficiency, 
asymmetry, or capacity factor after 
800 injections

Column type Efficiency (avg of 3) Asym (avg) of 3

A 15195 plates 1.028

B 15233 plates 1.026

C 15069 plates 1.020

D 14263 plates 1.044

• Columns made by Shepard’s Machine Shop
• Frits purchased from Mott Corporation
• Packed with ACME PLUS C18 and analysis done by 

Phase Analytical Technology, LLC
• Shows no detrimental effects in packing efficiency

• Since the coating is quite thin, this was 
expected.
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Tetracycline

• Tetracycline is an antibiotic, 
commonly used for acne and skin 
infections

• The molecule has numerous 
chelating groups that bind readily 
to metal sites

• Dursan can make the steel column 
more inert toward metal loving 
molecules like tetracycline

Molecular structure of tetracycline
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1.0 2.0 3.0

Results:

1.0 2.0 3.01.0 2.0 3.0 1.0 2.0 3.0

Group Frit Column
A SS SS
B Dursan Dursan
C Dursan SS
D Ti SS

A B C D

Mobile Phase A: Water
Mobile Phase B: Methanol
40% B
Flow: 0.3mL/min
Detection: 265nm
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1.0 2.0 3.01.0 2.0 3.01.0 2.0 3.01.0 2.0 3.0

Overlay of all 4 columns:

Impurity in the tetracycline 
that may have otherwise 
gone unnoticed/lost due to 
metal active sites. This was 
repeated and shown to be a 
real peak. Peak tailing 

reduced
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Adenosine triphosphate and diphosphate 
(ATP and ADP)
• ATP provides energy to drive numerous processes in living cells

• It is typically converted to ADP or AMP

• Phosphates are well known to have severe peak tailing during 
HPLC analysis due to the phosphate-iron interaction

ATP ADP
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Results:

1.0 2.0 3.0 4.01.0 2.0 3.0 4.0 1.0 2.0 3.0 4.0 1.0 2.0 3.0 4.0

ATP

ADP

Mobile phase: Water / 10mM Ammonium Acetate
Flow: 0.2mL/min
Detection: 254nm

Group Frit Column
A SS SS
B Dursan Dursan
C Dursan SS
D Ti SS

A B C D

© SilcoTek Corporation 2020 – All Rights Reserved 33



1.0 2.0 3.0 4.01.0 2.0 3.0 4.0

Overlay:

1.0 2.0 3.0 4.0

All stainless steel vs 
all Dursan column

Significant decrease in tailing 
effects

Much faster return to baseline. 
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2-pyridinol-1-oxide

• Ciclopirox is an antifungal agent typically used in topical 
fingernail and toenail infections

• 2-pyridinol-1-oxide is the chelating part of this antifungal agent
• It is a very powerful metal chelating agent

• The chromatograms show significant loss of signal due to metal 
interactions in the separation

• This highlights the interaction that the column wall has with the analyte 
and there is a need for column coating as this interaction is not 
negligible.
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Mobile phase: Water no buffer
Flow: 0.3mL/min
Detection: 230nm

100 X 2.1

A B C

2-Pyridinol-1-Oxide

D

Group Frit Column
A SS SS
B Dursan Dursan
C Dursan SS
D Ti SS

Results:
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Things that I’ve been told at trade shows:

• “We can just passivate our system; it’ll do the same thing…”

• “Bio-inert is just a marketing ploy. If you use high quality 
materials, there’s no sticking problems…”

• “I can understand coating the frit. It has a huge surface area, but 
the coating on the column is unnecessary…”
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Their opinions aren’t unfounded…
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Their opinions aren’t unfounded…
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Mobile phase: Water no buffer
Flow: 0.3mL/min
Detection: 230nm

100 X 2.1

A B C

2-Pyridinol-1-Oxide

D

Group Frit Column
A SS SS
B Dursan Dursan
C Dursan SS
D Ti SS

Results:

© SilcoTek Corporation 2020 – All Rights Reserved 40



Planned future studies

• Analysis of pesticides such as glyphosate and its metabolites
• Phosphinate and carboxylic acid groups can make them difficult to 

analyze with stainless steel components

• Chemically passivated steel vs Dursan® coated steel

• Coating the entire flow path while using polar embedded 
stationary phases which can retain metal ions
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Conclusion
• Dursan® can provide a bio-inert coating to all as-built stainless steel 

components

• Increased corrosion resistance without the possibility of swelling and 
delamination due to various solvents

• Decreased non-specific protein and chelating agent adsorption while 
still having the robustness of stainless steel

• No need for priming or passivation. A protective, barrier layer allows 
for reliable, reproducible data.
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