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Zpopelinfend?2not |l i v® f 8ze procestu

Faze procesu | Teplota, ¢as | Zarizeni Poznamka

1. suSeni <110°C susarna nebo moznost pridavku
1-2 h program. pec pomocn¢ho ¢inidla*

2. zuhelnéni | <350°C topna deska ncbo | pomaly narust teploty
8-20 h program. pec

3.spalovani | 450-500°C | programovatelna po ukonceni moznost
12-20 h pec piidavku pomocné¢ho

Cinidla **
4. vyluhovani |20-100°C topna deska nebo | vysledna koncentrace
popela 0.5-1 h ultrazvukova lazen | kyseliny : 0,1-1 M

* zpravidla Mg(NOs),
** pridavek HNOj, odpateni do sucha, zihani v peci 1-4 h pi1450-500°C
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- Chemical digestion of sample matrix
- Heating accelerates rate of reaction

- Max. temperature in open digestion limited by
boiling point of solution

- Pressure build-up in closed vessels permits higher
temperatures
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General procedure

1. Homogenisation of sample
2. Weigh-in of a representative aliquot
3. Addition of digestion reagent

4. Supply of energy (usually heat)
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Reagents

- Acid (e.g. with HCI, H,SO,...)

- Base (e.g. with NaOH, NH,...)

- Oxidising (e.g. with HNO,, H,0,, K,S,Og...)
- Reductive (e.g. with HJ, HBr...)

- Complexing agent (e.g. H;BO,...)
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Nitric Acid

- Oxidizing acid  (CH,), + 2HNO; 8 > CO, +2NO + 2 H,0
- Often in mixtures with H,0O, or HCI,HF, H,SO,

- Boiling point: 122/C (HNO; 65%)

. Vapour pressure ~25 bar (at ~225AC)

- Forms soluble nitrates with all elements except:

Au, Pt, Al, B,Cr, Ti, Zr

Nitric Acid + Hydrogen Peroxide
- Increases oxidation potential 2 H,0, 8 > 2H,0+ O,

- Reoxidizes NO to NO5

- Typical mixtures HNO; : H,0, = 4:1
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Hydrochloric Acid

- Non oxidizing acid
- Boiling point ~ 84AC (HCI 32%)
- Vapour pressure ~25 bar (at ~205/C)

- forms soluble chlorides with all elements except:
AgCl, HgCl, TiCl

- Dissolves salts of weak acids (carbonates, phosphates, borates)
- Digestion of Iron-alloys

- Following oxides are insoluble: Al, Be, Cr, Sb, Sn, Si, Ti, Zr
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Aqua Regia

- HCI: HNO; = 3:1

- Forms NOClI 2 NOCId >2NO + Cl,

- Vapour pressure ~25 bar (at ~200AC)
- Digestion of pricous metals, sulfides

- Use always freshly prepared
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Hydrofluoric Acid

- Non-oxidizing acid

- Decomposes silicates SiO, + 6 HF 8 > H,SiF; + 2 H,O

- Excess is necessary to prevent loss of BF;, SiF,, GeF,, SeF,
- boiling point:  108AC (HF 40%)

- vapour pressure ~25 bar (at ~240AC)

- Mostly used in mixtures with other acids

- Digestion of minerals, ores, soil, rock and pflants

- Complexation required H,BO; +4 HF 6 > HBF, + 3 H,0
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Sulfuric Acid

- Non-oxidizing acid

- Dehydration of organic materials

. Boiling point ~ 340AC (H,SO, 98%%)|
- Mostly used in mixtures with other acids
- Digestion of plastics, ores, minerals

- Insoluble sulfates for Ba, Pb, Sr

- Digestion with HNO; / H,SO,, (1:1) mixture
- Carbon in matrix made more readily corridible by dehydration
- Higher digestion temperatures due to lower vapour pressure of mixture
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Perchloric Acid

- Strongest oxidizing acid

- Boiling point ~ 203AC (HCIO, 72%%)

. Expolsive decomposition at 245AC!

- Vapour pressure ~25 bar (at ~200AC)

- Mostly used in mixtures with other acids (< 20% in HNO,)
. Always use digestion temperature < 200AC

- Insoluble KCIO,

Explosion Hazard ! Use only in exceptional cases!
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Digestion temperature

- High digestion temperatures - shorter reaction time

Digestion temperatures are limited by:
- vapour pressure of digestion acids

- temperature resistance of container/vessel materials

. pressure resistance of containers/vessels
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Open method at reflux Closed vessel digestion

- Max. temperature limited by . Max. temperature 260-300AC
boiling point of acid mixture
- Reduced acid consumption
- Allows high weigh-ins
- High quality of digestion
- Quality of digestion not

always sufficient - No Loss of volatile elements

(e.g. Hg, lead salts)
- Loss of volatile elements

(e.g. Hg, lead salts)

- Speed-up of digestion process in closed vessel
by reaching higher temperatures
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Pressure digestion in steel vessels

- Pressure resistance 200 bar

- Temperature max. 230AC (briefly 2604C)

- Digestion times from about 2 hours to several days

- Free from contamination due to PTFE-TFM lining

- Different internal volumes (25-250 ml) and therefore weigh-in quantities
- QOutstanding quality of digestion

- No loss of volatile elements (e.g. Hg, lead salts)

- High degree of safety, easy operation
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Pressure digestion in steel vessels
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Matrix Weigh-in Acid Temperature | Time
Cellulose/starch 1000 mg HNO; 160°C 2h
Flour/grain/leaves 1000 mg HNO3/HF 180°C 2h
Tissue/liver 1000 mg HNO; 170°C-190°C | 2h
Fat/oll 1000 mg HNOj3 (poss. H,0,) | 200°C 4h
Plastics 500 mg HNO3 /H,SO, 200°C 3-4h
Carbon/resin 500 mg HNO; 220°C 6h
Ceramics/oxides 500 mg HF or HCI 230°C 2-8h
Steel 500 mg HNO3/HCI 200°C 4h

Digestion Vessel DAB-3 (250 ml)
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Pressure buildup in closed digestion

Total pressure p

p=p(CO,) + p(acid) p(CO,) = partial pressure of CO, produced
p(acid) = partial pressure of acid mixture

CO, pressure:

- dependent on carbon content of sample and weigh-in
p(CO,) = 6.9*mc[g] * T/V [K/mlI]

Example:
V =30 ml, 0.2 g carbon, 200AC - p(CO,) = 22 bar
V =80 ml, 0.2 g carbon, 200AC - p(CO,) = 8bar
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Example (60 ml vessel at 200AC):

- 500 mg carbon develops 930 ml CO,
- partial CO, pressure of 26 bar

. Acid pressure for HNO, at 200AC of approx. 10 bar
- Total pressure approx. 36 bar (60 ml vessel at 200AC)
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Pressure build-up in closed digestion

Total pressure p

p=p(CO,) + p(acid) p(CO,) = partial pressure of CO, produced
p(acid) = partial pressure of axid mixture

Acid pressure:

- Sum of partial pressures of pure acid and water
p(acid) = Pyye + Py

- Characteristic vapour-pressure curves of acid mixtures

- Independent of container volume on condition that acid concentration of
solution remains constant

- Acid volume must be matched to container/vessel volume
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Vapour-pressure curves/graphs of pure acids

Agua regia

HCI 36%

HNO, 91%

HCIl 22.9%

Water

Boling point HNO; 100%
g. Boiling point H,SO, 100%
g h h. Boiling point HyPO, 96%

o 9

2

Tl

199 80 bar_

Druck [bar]
™ @ a2 o0

o 1 oo 200 sno 400 snn T [K:] (Panholzer, LaborPraxis, Oct. 1994, 32)
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Why Microwave Digestion?

- Rapid, direct sample heating
- Rapid, multiple samples thus cost effective

- Closed vessel, reduced blank value
higher temperatures are possible
Improved reproducibility
reduced amount of reagent
retaining of volatile elements
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Microwave Heating

Microwave Microwave

Dipole rotation lonic conduction
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Microwave Heating

- Dipole Substances and lons of Acid and Sample
contribute to Microwave Heating

A Blank solutions absorb less microwave energy
than sample solutions and reach lower
temperatures therefore

A Sample weight and acid volume has similar
Influence on termperature

A Homogeneous microwave distribution
necessary for unifom heating of multiple
samples




Rozkl adyahgmnasicmaBk®adgst Bor

Pressure digestion under microwave

- Itis primarily the sample that is heated

- Container material (plastic) is only indirectly heated

- Relatively high digestion temperatures can be reached
for short periods (30-40 minutes)
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Microwave Digestion - Problems and Risks

- Uniform microwave distribution to multiple samples
- Pressure resistance of plastic, microwave transparent vessels

- Monitoring and control of temperature and pressure
iIn microwave field

. Pressure relief mechanism
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Pressure digestion under microwave

- Pressure resistance dependent on type of container/vessel (40-
150 bar)

- Free from contamination through use of PTFE-TFM containers
- Different interior volumes (10-100 ml) and therefore weigh-ins
- Quality of digestion mostly sufficient

- No loss of volatile elements (e.g. Hg, lead salts)

- High throughput of samples due to short digestion times (10-60
mins.)
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Temperature Control of Exothermic Reactions Control

1. Solution is heated by microwave energy

2. At a certain temperature Activation Energy is provided
for spontaneous reaction following:

E.« * (CH,), + 2HNO; 8 > CO, +2NO + 2 H,O + Energy

Additional Energy is provided, which heats-up solution

3. Microwave power must be reduced to
- prevent overheating
- allow cool-down of solution

Microwave
temperature control for all vessels required
for safe digestion

Organic sample

_— University
of Pardubice
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Container materials

- PTFE - maXxi mum 260U C
. PTFE-TFM - maxi mum 260U C
- PFA - maXxi mum 200U C
- Quartz (silica) glass - ma X i mum 1, 000U C

(theoretically)
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Requirements of a modern microwave digestion apparatus

. Digestion temperatures of up to 260AC or higher
- Sample weigh-ins of up to 1,000 mg

- Temperature control in each digestion vessel

- Temperature-controlled, programmed heat-up

- Recording of all temperature profiles

- Optionally: Pressure control in each digestion vessel
Recording of all pressure profiles
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§ CLAISSE

WL NIRST AND FINEST

1955 — Prof. Fernand Claisse at Université Laval
Fusion

* 1955 - Publishes first work on
Fusion Preparation method

 Borate fusions for all oxides

 Removes grain size and
mineralogical effects for which
there is no other solution
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TIRST AND FINESTINT A

Meeker Burner and Ring Stand




pewsse

1970°’s - Fusion Automation

 Claisse Model 6
(6 Position)
Gas Fluxer

e, 2014. All Rights Reserved / Tous Droits Réservés.
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Borate
solution
Fusion

Peroxide
RAES solution
s Fusio

Hot plate
Acid

§ | digestion

Block
Acid

Bomb
F Acid

Acid

digestion

digestion

Microwave

digestion

A. Introduction to sample preparation by fusion

Sample Preparatlon for ICP Analysis

e
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Sample Preparation by Fusion: *"
Equipment for ICP AnaIyS|s
==

’ Borate Fusion

‘ll

» Peroxide Fusion

|
- 9

ELECTRIC

(Borate and Peroxide)

GAS

(Borate) (Peroxide)

© Claisse, 2014. All Rights Reserved / Tous Droits Réservés.
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Sample Preparatlon for ICP_Analysis

Borate
solution
Fusion

C. Benefits of fusion for ICP

Peroxide
solution
Fusion

Hot plate
Acid
! digestion

Block
Acid
digestion

Bomb
Acid
digestion

Microwave

Acid

digestion
e
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TypicaliSelutoen
Fusion Procedurert. Step:d

Roetate crucibple
eniincline

Add 0.20 g 1odide or
bromide on top

Add0:15 g sample
greundite™200 mesh.

Weigh into crucible

"" ' ' 1.0 g LiM borate flux

Heat at 1000AC while agitating



TypicalSelution; = 48

Fusion Proceglure L Step) 2
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Microwave digestion

(Chromite ore)

%
L
\

SIETIN
Acids: H,PO, and stqd""

Time: 60 min

/

S0 2

Acids: HNO; and HE_;._;‘_'_';__,_ -

Tirra: 2rrs 9 i)

Time: 35 min E O 5 djffgrant zigicds

EJINS!

Acid: H;BOg,
Time: 30 min J



Advantages over & CLAISE
micreoweave digestion

(Crirornits ore)

Microwave
Time: 2hrs 5 min

5 different acids

Step 1
Acids: H;PO, and H,SO,
Time: 60 min

Step 2
Acids: HNO; and HF
Time: 35 min

Step 3
Acid: H;BO,
Time: 30 min

Time;10,min

Flux: Lithium metaborate

A

125¢ Felsier
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Hot plate acid digestion
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Advantagesiover -
hot plate acid digestion

AComplete dissolution = Highanalytical )

of the sample acGuracy

> Money
savings
AEasy to use N
Time

AQuick dissolution ~ mm . /

ofithe sample

? 12 te) 20)¢
Faster
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Ceramics
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Peroxide Fusion

Peroxide fusion transforms powders of pure metals, alloys, noble metals and
highly refractory samples into acids solutions. These solutions are analysed
by ICP or AA.

Sodium peroxide is typically used, but a wide variety of fluxes can also be used.
These fusions are usually made in zirconium (Zr) or nickel (Ni) crucibles.

Here are the steps of the chemical reactions:
o  Oxidation made on the Peroxide Fluxer instrument: |Na,O, + E—=**“3Na, O+ FO

o Reaction with water in solution: [Na,O+EO+H,0 — 2Na' (g +EO+20H (g

© Claisse, 2014. All Rights Reserved / Tous Droits Réserves.

o Acidification: |EOy +2H' = H,0+E* (g




Peroxide fusion

A https://www.youtube.com/watch?feature=p
layer detailpage&v=0CjiluEoktk



https://www.youtube.com/watch?feature=player_detailpage&v=OCji1uEoktk
https://www.youtube.com/watch?feature=player_detailpage&v=OCji1uEoktk

Peroxide Fusion Solution for

the Determination of Platinum,
Palladium and Rhodium in
Automotive Catalytic Converters
by ICP Analysis

Authors: Janice Pitre & Mélanie Bédard | Claisse

Quebec | Canada



METHOD

1 - Sample Preparation
by Peroxide Fusion

Craisse® PEroxiDE™ FLuxer (Figure 1)

. Zirconium crucibles and covers (Figure 2)

-

3 b = 1
. 0.25 g of ground sample FIGURE 1: Claisse® Peroxide™ Fluxer

. 3.0 g of Sodium peroxide flux
. 3.5 minutes of heating at 600°C
. 4.0 minutes of cooling

. Dissolution in a HCI/HNO3 solution (Figure 3)

ll.-
) .

V2-R1 FIGURE 2 FIGURE 3

© Claisse, 2013, All rights reserved
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Benefits of Usmg Peroxide Fusion

Complete dissolution of samples Versatile
Fast method - quick turnaround Simple protocols
Safe (no health risks) Only dilute acids are required

Very cost-effective - low labor costs  Simple waste management
Repeatable results Method is not matrix-dependant

Clean method Uses zirconium crucibles
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Benefits of Using Borate Fusion
Only dilute HCI or HNO, is used

* No HF, no aquaregia and no HCIO, required
* No large waste quantities
 No endless paperwork to fill for strong acids disposal

Dissolves within 12 minutes even the most refractory samples
such as chromites, zeolites, silica, zircons and titanium oxides

Highly pure fluxes (99,995+%) allow to do some trace analyses

© Claisse, 2014. All Rights Reserved / Tous Droits Réservés.
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Benefits of Using Borate Fusion

Complete dissolution of even the most

dilute acid (99,995+%)

refractory samples (Zr, Cr, Si and Al oxides) il
Fast method - quick turnaround Simple protocols g
Safe (no health risks) - No HF Only dilute acids are required m
Very cost-effective - low labor costs Simple waste management g
Repeatable results Method is not matrix-dependant :
Completely automatic Possible to identify some trace %
elements &
Clean method Reusable and recyclable [abware E’
Automatic pouring of fused sample in Ultra high purity fluxes are available g
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ICP Sample
Preparation o [a]
Method Hot plate | Block Microwave Peroxide | Borate

Com pa ri SONn solution | solution

Safe (no use of HF or perchloric acids )

Complete digestion/ dissolution of
refractory samples

Big batches
Fast throughput
Simple protocols

Temperature monitoring and some control

Automatic

Clean

Even heat distribution

Cheap

Low labor costs

Methods are not matrix dependant
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Basics of Sample Preparation by Fusion
Keys to success:

1.  Sample oxidation

Flux selection

Flux / sample ratio

Particule size

Fusion temperature

The quality of the platinumware surface
Cooling rate (specific to XRF application)
Other special keys for ICP

Dyl O OIYgE w0 N
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Keys to e

success: 1. Oample Oxidation

Sample must be in its oxidized form in order to dissolve in the
molten lithium-borate flux.

Three possibilities to develop a fully operational method :

1. High temperature ventilated furnace
2. Wet oxidation (HNO;, LiOH...)

3. Solid dry oxidation on Fluxer

© Claisse, 2014. All Rights Reserved / Tous Droits Réservés.
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ArcelorMittal

Platinova koroze

Reakce platiny s dalSimi prvky
Platinové jedy: B, Si, P, S, Zn, As, Sn, Sb, Pb, Bi
Nad 1 000 T je napadana i oxidy zeleza a olova

Nebezpecny je i uhlik, oxid uhelnaty, silna redukcni Cinidla »
vzorek se musi oxidovat

kvéten '10




amsse

Fusion = Benefits for your Laboratory 4

But There’s More: Successful Fusions!

° v 8

© Claisse, 2014. All Rights Reserved / Tous Droits Réservés,
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K
suecess: 2. Flux Selection
4

MgO

Stability g oxyde /6 g flux

Li,B,O, LiBO, Li,B,O, LiBO, Li,B.O, LiBO, Li,B,0, LiBO, Li;B,O;, LiBO,



v.v.v. 1.1. Types of Fluxes
CLAIRE A_A_A_
4

Fluxes

Two Main Products:

1. Lithium tetraborate (Li,B,0-)
2. Lithium metaborate (LIBO,)

Two Types of Fluxes:

1. Powder
2. Pre-fused

© Claisse, 2014. All Rights Reservéd / Tous Droits Réservés.



v.v.v. 1.2. The Selection of Fluxes

e

Reminder: Lithium Tetraborate (LiT, Li,B,0-)

« Acidic flux oA Ty
* Melting point: 920°C

* Makes stable glass beads Im

L|THIUM BORATES

« Best choice for the fusion of pure alkaline -
. Fused, anhydrous y -
oxides P

Welght: 1Kg
Made in Québec.Canada

« Slightly hygroscopic

* \iscous






