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Internal structure of highly porous beryllium

SEM image of highly porous beryllium surface Be pore size distribu9on

The density of highly porous beryllium is about 0.2-0.4 g/cm3 with 1 um average pore size

Internal structure of highly porous beryllium

Model of highly porous beryllium internal microstructure

The pore wall consist of Be and BeO protecBve layer. The average wall thickness is about 100 nm

Highly porous beryllium applica,ons – speckle suppressor

Siemens star test object without the speckle suppressor (b) and aHer introducing the speckle suppressor (c)

Highly porous beryllium radiography

Radiography image of highly porous beryllium

Total X-ray transmission of 5mm thick porous Be - 95±2% at 15keV and
more than 99% for 1mm thick at 12keV!

porous Be

X-ray diffuser

𝜆
𝑑 ≈ 10!" ÷ 10!#𝑟𝑎𝑑!

porous Be

Beam size aHer different porous Be thickness (1, 6 and 11mm) at 10 keV (L = 0.33m)

1 mm

FWHM 50 um FWHM 145 um FWHM 280 um

6 mm 11 mm

Change coherence length in X-ray op,cal experiment

Coherence manipulaBon - clear absorpBon contrast image of the boron fiber aHer inserBon of 
the speckle suppressor

Op,cal proper,es of the highly porous beryllium 
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13cm!	@	12keV

13cm X-Ray aYenuaBon length for highly porous beryllium 
at 12keV 
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Highly	porous	beryllium	U-SAXS
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Direct beam shape informaBon was lost aHer 5mm thickness of 
porous Be (distance – 30m)!

Small	Angle	X-ray	Scattering	(SAXS)	analysis	of	different	beryllium	
grades

The small-angle X-ray scattering data of different Be grades
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The	influence	of	the	beryllium	microstructure	on	HRXM

The	demonstration	of	the	beryllium	microstructure	(O-30-H	and	IS-50M)	at	the	X-ray	
microscopy	image.	

Experimental	X-ray	microscopy	scheme	with	two	sets	
(O-30-H	&	IS-50M)	beryllium	compound	refractive	lens

X-ray	phase-contrast	image	of	
single	Be	grain	with	oxide	shell.

The influence of the beryllium microstructure on HRXM

The influence of O-30-H and IS-50M beryllium microstructure on the X-ray microscopy image quality
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The	influence	of	the	beryllium	microstructure	on	HRXM

The	demonstration	of	the	beryllium	microstructure	(O-30-H	and	IS-50M)	at	the	X-ray	
microscopy	image.	

Experimental	X-ray	microscopy	scheme	with	two	sets	
(O-30-H	&	IS-50M)	beryllium	compound	refractive	lens

X-ray	phase-contrast	image	of	
single	Be	grain	with	oxide	shell.The X-ray microscopy experimental scheme with two sets 

(O-30-H and IS-50M) of beryllium compound refracBve lenses
X-ray phase-contrast image of 
single Be grain with oxide shell

SEM	investigation of beryllium	microstructures

SEM	beryllium	microstructures	images	of	O-30-H	Be	grades	(left)	and	IS-50M	(right).

Study	of	beryllium	oxide	distribution	(left)	in	O-30-H	beryllium	grade	by	X-ray analysis	(EDX).	And	secondary	
electron	image	of	study	area	(right).	

O-30-H IS-50M

EDX	study of	O-30-H	beryllium

SEM studies of the beryllium microstructure
(a) (b)

(c) (d)

100	!m 100	!m

SEM images of beryllium microstructure of O-30-H (a) and IS-50M (b) grades.

(a) (b)

(c) (d)

100	!m 100	!m

EDX study of O-30-H beryllium grade

EDX analysis of beryllium oxide distribution (b) in O-30-H Be grade. SEM image of 
longitudinal surface section of O-30-H grade (a).

15 um 15 um

The advantages of refrac0ve lenses with 
a parabolic shape:

ü Large energy range 2 ÷ 200 keV
ü Beam condi0oning op0cs

- Condensers
- Collimators
- Monochromators
- Harmonicsrejector

ü Micro (nano)-beam
- Diffrac0on, scaJering & spectroscopy

ü Beam/emiJance diagnos0cs
ü ̈Coherent op0cs

- Coherent full-field imaging and
diffrac0on microscopy

- Dark-field microscopy
- In-line interferometry
- Compa0bility with crystal op0cs

X-ray Refrac,ve Op,cs
single lens

R = 0.05 ÷ 1.5 mm

2R0 = 0.3 ÷ 1.5 mm

d ≈ 0.1 mm

Compound Refrac0ve Lens (CRL)

lens material: Be, Al, Ni

High resolution coherent Transmission X-ray Microscopy 

High-resoluBon X-ray microscopy based on the refracBve lenses

The SEM image of the 
Siemens star test structure

The X-ray image (96 Be CRL 
R=50um) of the test structure

The X-ray image (50 Be CRL 
R=50um) of the test structure IS-50MO-30-HNano-Be

According to the Materion technical specification, O-30-H beryllium grade has an average
grain size 15 um and contains up to 0.5% BeO, while the IS-50M beryllium grade - only 0.2%
BeO, but it has an average grain size at least 100. BeO is distributed preferably along the Be
grain boundaries due to the beryllium chemical reaction with oxygen.

The model of  the internal  beryllium structure
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