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Why Microwaves?



The “Analysis Factory”

• The modern 
laboratory is a factory 
for analysis
– Analytical tools of the 

21st century (AAS, 
ICP-AES, ICP-MS)

– Sample preparation 
tools of the 18th 
century (heating block, 
sand bath, bunsen
burner)



The Bottleneck

• Sample preparation has become the bottle neck to 
higher productivity in the modern analytical laboratory

• Microwave eliminates the bottle neck in sample 
preparation for AA and ICP



Sample Preparation Time
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Sample Preparation Quality

• No losses of volatile elements, complete recovery of 
Hg, Se, As etc.

• Low blanks, minimum quantities of acids are used
• No sample contamination from the environment or 

from other samples
• Reproducible and fully documented sample 

preparation procedure
• No acid fumes for improved laboratory personnel 

and working conditions



Microwave Heating
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Microwaves

• Microwaves are electromagnetic energy
• Microwaves frequency ranges from 300 to 

300.000 MHz
• Microwaves wavelength ranges from 1 m to 1 

mm
• Frequencies for industrial, medical and scientific 

uses are 915 MHz, 2.450 MHz (12,25 cm 
wavelength), 5.800 MHz and 22.125 MHz



Materials Interaction

• Materials can be
– Reflective (metals)
– Absorptive (water)
– Transparent (PTFE)



Microwave Heating Mechanism

• Liquids rapidly absorb 
microwave energy 
by two mechanisms 
which take place 
simultaneously
– Dipole rotation
– Ionic conduction



Conductive Heating

• Heat passes through the 
vessel walls prior 
reaching the reactants

• Slow and inefficient 
method dependent from 
vessel material thermal 
conductivity

• Vessel temperature in 
excess of reaction 
mixture temperature



Microwave Heating

• Microwaves couple with 
reaction mixture molecules

• Rapid temperature increase
• Independent from vessel 

material thermal conductivity
• Instantaneous localized super-

heating by ionic conduction 
and dipole rotation

• No inertia (instant on-off)
• Dependant from ionic 

conduction and dipolar 
polarization



Multi-mode Microwave System



Open Vessel
Microwave Heating
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• 10 ml of HNO3 are heated 
in Teflon open vessels at 
300 W for 15’

• The highest temperature 
is just above the HNO3
boiling point (125°C)

• Heating rate doubles 
when double power is 
applied



Closed Vessel
Microwave Heating

• 10 ml of HNO3 are heated 
in Teflon closed vessels 
at 300 W for 15’

• The vapor pressure 
generated inside the 
vessels increases the 
boiling temperature of 
HNO3

• At 25 bar the temperature 
is of 220°C
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Pressure and Temperature

• Pressure is the mean and temperature is 
the goal

• Increasing the temperature by 10°C 
doubles the rate of a reaction

• Rapid microwave heating and the use of 
closed vessel allow for reducing the 
sample preparation time from hours to 
minutes



ETHOS 1
• Advanced microwave 

hardware
• Advanced user 

interface
• Advanced reaction 

sensors
• Advanced vessel 

technology



Advanced Microwave 
Hardware

• High microwave power
– Fast heating rate

• Homogeneous microwave distribution
– Same temperature in all vessels

• Pressure-responsive door
– High safety

• Rapid cooling
– High sample throughput



High Microwave Power
Fast Heating Rate
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500 mg Soil with 10 ml HNO3 (24 vessels)



Homogeneous Microwave 
Distribution

Same Temperature in All 
Vessels
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Pressure-Responsive Door
High Safety



Pressure-Responsive Door
High Safety



Rapid Cooling
High Sample Throughput
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Advanced User Interface



Time-to-Temperature



Better Control of Exothermic 
Reactions
1,2 g Rice with 10 ml HNO3
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Same Digestion Quality 
for One or Multiple 

Samples
1 sample
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Same Digestion Quality 
for One or Multiple 

Samples
6 samples
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Easy Data Transfer



Advanced reaction 
sensors



Direct temperature 
control

• Direct monitoring and 
control of a reference 
vessel up to 300°C by 
thermocouple or fiber-
optic

• Temperature is read 
20 times per second

• Sensor housed in 
inert thermowell for 
trouble-free operation



Contact-less temperature 
control in all vessels

• Focused, high-
sensitivity infrared 
sensor

• Sequential contact-
less temperature 
control in all vessels

• Individual 
temperature profile for 
each vessel



Temperature Control in All 
Vessels
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Direct pressure control
• Direct pressure 

monitoring and 
control in a reference 
vessel

• Suitable for ‘unknown’
samples to maintain 
pressure limits within 
the vessel’s 
specifications



Contact-less pressure 
control in all vessels

• Sensor monitors all 
vessels 
simultaneously

• Prevents leakages 
and acid diffusion

• Ensures complete 
and safe digestion 
without losses of 
volatiles



Advanced vessel 
technology



‘Vent-and-reseal’
technology



‘Vent-and-reseal’
technology



‘Burst-disk’ technology



‘Vent-and-reseal’
advantages

• Highest temperature and pressure
• Highest safety standards
• Easy of use
• Fast air cooling



Environmental Samples









US EPA 3051a
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US EPA 3015a
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US EPA 3015a
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US EPA 3051a
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US EPA 3051a

0

40

80

120

160

200

0.00 0.05 0.10 0.15
Time (h.mm)

Te
m

pe
ra

tu
re

 (°
C

)

0

10

20

30

40

50

Pr
es

su
re

 (b
ar

)











US EPA 3052
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Milestone MULTIPREP-41



Technical Specifications

Number of vessels Up to 41

Vessels material PFA or TFM

Vessels volume 70 ml

Maximum pressure 20 bar

Maximum temperature 200°C



Environmental Samples
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Inner vs. Outer Vessels 
Temperature
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Applications



NIST SRM 2711 Montana 
Soil

Element Certified MULTIPREP-41

Al(1) 6,53 ± 0,09 5,48

As 105 ± 8 108

Cd 41,7 ± 0,25 42,7

Cu 114 ± 2 117

Fe 2,89 ± 0,06 2,84

Hg 6,25 ± 0,19 6,1

Ni 20,6 ± 1,1 21,0

Se 1,52 ± 0,14 1,55

Zn 350,4 ± 4,8 363

All concentrations in μg/kg, except Fe (wt%).
(1) A higher recovery is expected with the addition of HCl.



NIST SRM 1573a Tomato 
Leaves

Element Certified MULTIPREP-41

Al 598 ± 12 640

As 0,112 ± 0,006 0,102

Cd 1,52 ± 0,04 1,42

Cr 1,99 ± 0,06 1,98

Cu 4,7 ± 0,14 4,82

Mn 246 ± 8 253

Ni 1,59 ±0,07 1,57

Zn 30,9 ± 0,7 32,2

All concentrations in mg/kg.



Our Experience at Your 
Service



Thank You!


	Microwave extraction and digestion in water/sediment analysis ���Giulio Colnaghi�Product Specialist
	Why Microwaves?
	The “Analysis Factory”
	The Bottleneck
	Sample Preparation Time
	Sample Preparation Quality
	Microwave Heating
	Microwaves
	Microwaves
	Materials Interaction
	Microwave Heating Mechanism
	Conductive Heating
	Microwave Heating
	Multi-mode Microwave System
	Open Vessel�Microwave Heating
	Closed Vessel�Microwave Heating
	Pressure and Temperature
	ETHOS 1
	Advanced Microwave Hardware
	High Microwave Power� Fast Heating Rate
	Homogeneous Microwave Distribution� Same Temperature in All Vessels 
	Pressure-Responsive Door�High Safety
	Pressure-Responsive Door�High Safety
	Rapid Cooling�High Sample Throughput
	Advanced User Interface
	Time-to-Temperature
	Better Control of Exothermic Reactions
	Same Digestion Quality for One or Multiple Samples
	Same Digestion Quality for One or Multiple Samples
	Easy Data Transfer
	Advanced reaction sensors
	Direct temperature control
	Contact-less temperature control in all vessels
	Temperature Control in All Vessels
	Direct pressure control
	Contact-less pressure control in all vessels
	Advanced vessel technology
	‘Vent-and-reseal’ technology
	‘Vent-and-reseal’ technology
	‘Burst-disk’ technology
	‘Vent-and-reseal’ advantages
	Environmental Samples
	US EPA 3051a
	US EPA 3015a
	US EPA 3015a
	US EPA 3051a
	US EPA 3051a
	US EPA 3052
	Milestone MULTIPREP-41
	Technical Specifications
	Environmental Samples
	Inner vs. Outer Vessels Temperature
	Applications
	NIST SRM 2711 Montana Soil
	NIST SRM 1573a Tomato Leaves
	Our Experience at Your Service

