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Glass Delamination Background

ω Formation and separation of glass flakes from surface

ςLast stage indicator of heavy extraction of glass by product

ω Severity of delamination depends upon:

ςGlass composition, manufacturing method

ςPresence of defects

ςHandling, sterilization

ςProduct interactions (pH, buffers)

ςStorage conditions (time, temperature)

ω Risk of particulate in injectablesand parenteralsin vials

ςPotential to affect large amounts of product

ω Subject of recent recalls



Methodology (USP<1660>) 

ωExamination as received, visually and using a stereomicroscope

ωSample preparation 
ςFiltration of flakes and residues
ςBreaking of taped vials to maintain spatial relationship 

of vial fragments

ωCharacterization using multiple techniques
ςPLM
ςSEM/EDS
ςFTIR 
ςXPS



Coaxial Illumination at 50X Magnification

0.25 mm

Glass Delamination Flakes on Filter



Severe Glass Delamination ςVial Surface



SEM Analysis of Glass Delamination

Flake on filter Vial surface



Advantages of TEM

ωHigh resolution, through-sample analysis 
provides morphological, elemental and 
crystallographic information.

ωScrapings from vials, delamination flakes and 
residues are ideal samples, easily transferable 
to TEM grids.

ωTEM/EDS is better suited to very thin samples 
than SEM/EDS.



A very low accelerating 
voltage must be used in 
the SEM to limit beam 
penetration through a 
thin sample.

Sample thickness ~ 

90-100 nm

© Oxford Instruments

TEM and SEM Interaction Volumes



SEM/EDS of Flakes on Filter

ÅCarbon signal from PC filter dominates spectrum
ÅLow accelerating voltage limits detection of higher energy X-rays



TEM/EDS of Flake on Grid
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Direct Transfer of Particulate

Transfer to TEM locator grid



Filtration Onto a Holey Carbon Grid



Comparison of SEM and TEM Findings for Filtered Samples

Sample Vial 1 SEM Vial 1 TEM

A No flakes observed Two delamination flakes

B No flakes observed Two delamination flakes

C 13 glass flakes observed One large delamination flake

D No flakes observed A few C-rich particles, two possibly graphite



Delamination Flake 
Sample A
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Delamination Flake 
Sample B
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Delamination Flake ςSample C



Filtered Particles



Filtered Particles

Top row:  Particles containing 
silica and stainless steel.

Left:  Edge of glass delamination 
flake; dark spots are rich in 
phosphorus and REEs.
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TEM Imaging of Porous Delamination Flakes



STEM EDS Mapping of Porous Delamination Flakes
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TEM Analysis of Secondary Products

ÅFiltered from product containing delamination flakes

ÅDifferentiated by light microscopy as brown particles


