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QUEL SYSTEME CHOISIR ?

Microdipest - baxidigest [~




Just for the beginning

Fig. 2. Interaction of materials with microwaves
(a) conductor - reflects microwave energy
(b) insulator - transparent to microwave energy
(c) * dielectric - absorbs microwaves




Piec mikrofalowy Milestone’a




Dry ahsing of analytical samples

Why you need a Milestone Pyro Ashing System

REDUCED ASHING TIMES: FROM HOURS TO MINUTES

Cal kad
Patyprapy l=na
SO0

Falyazie BOD
Palyuialhane SO0




Spopielarka plazmowa firmyOrbis Technologies Ltd




Karma dla zwierzat ok. 10 godz.

Probki krwi 2-4 godz.

Trzcina cukrowa ok. 4 godz.

Kakao 10-12 godz.

Filtr 1-2 godz.

Siano, trawa 10-12 godz. B

Liscie 4-8 godz.

Watroba ok. 12 godz.

Nasiona dyni 8 godz.

Olej salatkowy ok. 20 godz.

Maka przenna 2-3 godz. Orbis-parametry pracy

Papierosy ok. 1 godz.

Detergent — proszek ok. 15 godz.

Grafit 3-4 godz.

Tkanina nylonowa 3-5 godz.

Papier 1-2 godz. Poliester ok. 3 godz.

Wi16kna poliamidowe 2-3 godz. Polietylen ok. 25 godz.
R PVC ok. 20 godz.

Granulat poliamidowy 6-8 godz. Prébki gleby 5-15 godz.

Komitet Techniczny ISO/TC-146 : Jakos¢ powietrza: Powietrze atmosferyczne. Oznaczanie

wlokien azbestowych. Metoda transmisyjnej mikroskopii elektronowej 7 posrednim

przeniesieniem probki (2003).




Urzadzenia do spopielania probek azbestu w mikrofalowej plazmie tlenowej

Edward Reszke? ., Marta Rozkowicz %

1)  Ertec-Poland 54-440 Wroctaw ul. Rogowska 146/5 )
2)  Glowny Instytut Gornictwa, 40-166 Katowice Plac Gwarkow 1

Celem komunikatu jest przedstawienie projektu budowy pierwszego polskiego
spopielacza plazmowego. Projekt dotyczy urzadzenia do plazmowego spopielania
catych filtrow z estru celulozy o wielkosci porow 0,8 um 1 srednicy @ 25 mm wraz z
probka zawierajaca widkna azbestu. W celu wykonania badan prototypu nawiazano
wspotprace badawcza pomiedzy firma Ertec a Gtownym Instytutem Gornictwa, ktory
podjat si¢ przebadania 1 optymalizacji charakterystyk nowego przyrzadu przy pracy z
probkami laboratoryjnymi materiatow azbestowych o réznych matrycach, czyli badan
niezbg¢dnych do atestacji nowego aparatu jako legalnego przyrzadu laboratoryjnego
spelniajacego normy europejskie.

Przygotowywanie prob mikroskopowych materiatow zawierajacych azbest jest
problemem, ktory pojawit si¢ dopiero w ostatnich latach. Nowa analiza wymaga
odkrywania struktury niebezpiecznych witokien azbestu 1 ich rozrdzniania w masie
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Prototyp plazmowej spopielarki probek azbestowych




Wneka prototypowej spalarki
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Widok podajnika
prébki

(filtr celulozowy z
ACM)



Najnowsze zrodto wzbudzenia MIP z
wneka typu TEM

-

An example of MW system with
integrated power source, coaxial
feeder and two stub tuner placed
between MW generator and
applicator (a microwave cavity with
TEM mode for MIP excitation)



Otwarte systemy

mineralizacji ,,na mokro”
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Maxidigest MX350 UniClever BM-1o0
Prolabo Plazmatronika



High pressure MW
systems

Ethos plus digestion vessel
from Milestone Ethos



High pressure
systenm
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Plazmatronika- '
Nano 2000 Reactor/mineralizer Ertec



Concept of a novel
closed system with self-
matching feature

l
B

Ertec system Magnum Construction of ERTEC Magnum cross section
mineralizer/reactor
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Temperature measurements

. Temperature prIDrlty HPR-1000/105 with ATC-400
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Measurement and control of
pressure

Pressure priority
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Bezpieczne
konstrukcje

< 0WERPRESSURE




Rozpuszczanie
materialow

nieorganicznych
—

Table7. Dissolution speed of ,,conventional” and microwave closed approaches
Conventional Teflon bomb Microwave
digestor

Matrix (h) (min) (min)

ALLO, 24 1440 20

AIN 2 120 15

BN 5 300 15

SR 6 360 15




Digestion efficiency
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Digestion reagents

Solution of reagents

Matrix

Uwagi

HNO;, Biological materials incompletye digestion at atrmospheric pressure
HNO; + H,0, Biological materials Effective digestion of small samples
-

HNO,; + H2SO, general use Frequently used but promotes losses of easili
volatile elements such as As, Ge, Hg, Se

HNO, + HCl general use aqua regia

HNO,; + HCIO;, Biological materials High oxidation potential, low loss of As, Hg, Se,

In and so on .., safe

HNO, + HCIO, Biological materials Effective decomposition , low loss of Pb

HNO,; + HCl + HF general use -

HNO, + HF general use -

HNO, + HCIO, + H2S0O, general use Temperature regime must be controlled , loss of

As, Hg, Fe Sb

HF innorganic materials -

H2SO, + HCIO, general use Small samples , denger of explosion

H2S0O, + H,0, general use Losses of As, Hg, Ge, Ru, Se and many other

volatile elements
HCIO, Biological materials Strong oxidizer, denger of explosion
H,0, + Fe3* Biological materials except oils, fats and grees Decomposition with OH" radicals, low

temperature of decomposition, good for large
samples, no loss of elements




Material of digestion
vessels, memory effects

Material Melting Maximal . tg x104
point T[°C]
Teflon PFA 302 260 2,1
Teflon FEP 252-262 204 2,1
Halon PTFE 320 260 2,1
Polymetylpentane 240 175 2,1
Polyethylene 120-135 71-93 2,2-2.3
High 146 121 2,25
press.polyethylene
Polypropylene 168-171 100-105 2,24-2.4
Polystyrene 242 82-91 2,7-3,1
Polycarbonate 241 121 2,9
NYLON 6 216 102 34
Quartz glass 1665 3,8-4,1
Borosilicat.glass 1080 6,3-6,8
Phenol resin rozkladaju 120-190 4,1-5,0
sa




Software and data
aquisition

File | Sywtmm MW Program Graphic | Documentation Etap procesu Program Oczekiwanie [mm:s5] Kroki

sl ICIOICIREENERE

Famip 1 Vi "G Krok Grzanie [mm:ss] Moc [%] Fauza [mm:ss]

-l 0 (05 90:T07 52

Cisnienie max | min Uruchomienie { Zatrzymanie

4571427 wean e |

Okno sterownika programoweqo - umozliwia sterowanie
denic  D005:00 urzgdzeniem zgodnie z ustawiong w niniejszym oknie
procedurg procesu.




Digestion of difficult organic samples with dry mass over 1g

Sample Mass - | Reagents [ml] Digestion procedure | Pressure Total digestion

! [a] power [%] reached time [min]
pressure set. [ag !mcillatlun! [at]

Green coffee 1,5 6 HNO3 5'60% 20-17at; 45 (4542) 20
5'100% 45-42at
10'0%
Tea fix 1,5 6 HNO3, 2 H20 5'/60% 20-17at; 45 (45-42) 20
5/80% 45-42at;
10'100% '

Rice 25 8 HNO3, 4 H20 10'60% 20-17at: 105 (45-42)
' 10'70% 45-42at;
10/0%

Goulash soup 8 HNO3, 4 H20 10/60% 20-17at; 74 (4542)
- 10'100% 45-42at;
100%

Dry mushrooms 8 HNO3, 4 H20 10'/60% 20-17at; 45 (45-42)
' 107100% 45-42at;
100%
8 HNO3, 4 H20 10'60% 20-17at; 45 (4542)
10'100% 45-42at;
1070%
8 HNO3, 4 H20 10760%; 107100%; |82 (4542)
10'0% '




Efficiency of digestion
systems




MW reactor Conventional

Kind of reacition:
»eld time »eld time

IDielsa-Alder Condensation {antracen
with dimethwl ester of fumarine 87%0 & 7% Ah
acid)}

Cyclocondensatl_on reaction 38-86%% brak

- synthesizs of
pirvmidobenzimidazolics _ano _ano

- syvnthesiz of derivatives of cumarine 75-90% 60-20%

Eeformation 0:? II_CIE:usen aromathical 100%% 100%%

allkkilic ethers

Alkilation of =salts of carboxylic
acids o
- production of oct¥l acetat 29%e

- production of hexadecyl acetat S6%%

Realkcje o-alkilation with alkilic
dihalogens
Cation Reformation . pinakolin

reformation after adsorption of 9924
pinakol onto montmorylonit

80-90%0

Oxidation reactions

- oxidation of I- and II-order alcohols
leading to aldehvdes and ketons in the 50-80%0 i 25-40%0

presence of BInO,

- oxidation of I- and IT-order
alcohols to acids and ketons against &0-9725 10-20min 83-96%0

H; O

- epoxidation of double bonds 91-98%0 100min 54-65%0
against H, O+
One-step precipitation of magnetite 100%% 10 min 10020
Precipitation of zirconia powders 100%% 20 min 10020
Precipitation of zink oxides 100%0 3 min S0%0
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Novel method, named EMSi (Etching Microwave Silicon) a Teflon® reactiMntaining
silicon substrates immersed in the 3 - 5 M KOH solution 1s positioned inside the microwave resonator and
irradiated by 2.45 GHz microwaves. Etching rates for (100) planes: V,, equal to 5 = 10 pm/min, in almost
cold (60°C =+ 70°C) solutions have been obtained. New, microwave enhanced etching of silicon enabled fast
fabrication of the 3D silicon micromechanical structures.

EMSi etching: a) scheme of the stand: 1-microwave generator, 2-
power supply unit, 3-connector, 4-single or multimode resonator, 5-
reaction chamber, 6-silicon substrate, 7-temperature sensor, 8-pressure
sensor, 9-cooling water, 10-I/O, b) process characteristics: pressure,
microwave power and temperature versus time.




All stainless steel reactor for etching experiments
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low etching rates high etching rates
V10051 pm/min at 80°C V 100S10 pm/min at 80°C
etching rates depend on etchant’s etching rates depend on microwave
temperature power “pumped” into the soluti

hillocks formed in low concentration KOH

or (and) low temperature no hillocks

good anisotropy (10 M KOH ~ 40+50) sufficient anisotropy 30+20
higher for stronger solutions higher for weaker solutions

single wafer process, batch process
batch process gle walerp ’ P

possible
long (hours) short (< 60 minutes)
etching rates at 60°C negligible etching rates at 60°C high (~ 5 pm/min)

etching rates in 3 M KOH high

etching rates in 3 M KOH negligible (~ 5 ym/min)

Si0,, Si;N, mask Si,N, mask only; selectivity 1:10000

60°C process impossible 60°C process good
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) new etchiung EMSI, open system, V,,,,=5,1 pm/min,

b) conventional etching, V ;4,=0,4 pm/min, Photography SEM x5000, x3000



Bezpieczenstwo uzytkowania urzadzen mikrofalowych

1. Dyrektywa niskonapieciowa

e

Dyrektywa cisnieniowa dot. Prostych zbiornikow
ciSnieniowych pV<10.000 bar cm3

Dyrektyw kompatybilnosci EM (Pr < 5 mW/cm2)
Dokumentacja techniczna
Dokumentacja pomiar6w 1 prob technicznych

Certyfikat CE producenta ( lub/i -jednostki akredytowanej)
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