
Z§klady pŚ²pravy vzorku pro 

ICP OES a ICP MS ï rozklady 

 

 
Tom§ġ ĻernohorskĨ 

 



Rozklady vzorkŢ ï pŚeveden² vzorku do roztoku 

-  

Rozklady ï rŢznĨ pŚ²stup v z§vislosti na konkr®tn² situaci 
 

-- 

ÅAnorganick§ matrice, organick§ matrice, smŊsn§ matrice 

ÅAnalytickĨ poģadavek ï matriļn² prvky, stopov® prvky, vybran® prvky 

nebo kompletn² spektrum prvkŢ 

ÅAnalytick§ koncovka ï ICP-OES nebo ICP-MS, zpŢsob d§vkov§n² 

vzorku, atd. 

ÅPoļet vzorkŢ za definovanĨ ļas, poļet vzorkŢ v s®ri² 

ÅVelikost nav§ģky/objem ï velk® nav§ģky (homogenita), mal® nav§ģky 

 

 



Anorganick® vzorky 

-  

Ļasto se sp²ġe jedn§ o rozpouġtŊn² 
 

-- 

ÅRozpouġtŊn² ï rŢzn® smŊsi kyselin, z§sady, komplexaļn² ļinidla 

 - otevŚen® rozklady 

 - klasick® tlakov® rozklady ï tlakov® autokl§vy 

 - mikrovlnn® rozklady ï sp²ġe jen urychlen² procesu  

ÅTaven² ï pŚeveden² na rozpustnou formu 

 

 



Rozklady vzorkŢ ï mineralizace 

-  

Mineralizace ï ļ§steļn® nebo ¼pln® odstranŊn² organick® 

matrice vzorku a pŚeveden² do roztoku 

 

Solubilizace ï pŚeveden² do roztoku bez vĨrazn®ho rozkladu 

matrice 
 

-- 

ÅMetody na such® cestŊ 

ÅMetody na mokr® cestŊ  

ÅTaven² 

 

 



Rozklady na such® cestŊ 

-  

ZpopelnŊn²    
 

-- 

Å prob²h§ v otevŚen® n§dobŊ (kŚemennĨ nebo Pt kel²mek) za atm. tlaku 

 a vysok® teploty (max. 450-550ÁC); oxidaļn² agens je vzduġnĨ  

 kysl²k Ÿ popel Ÿ vĨluh popela 

Å nav§ģka 1-25 g suġiny 

Å pomocn§ ļinidla: HNO3, Mg(NO3)2, K2SO4, H2SO4 

Å nevhodn® pro stanoven² tŊkavĨch prvkŢ (Hg) 

Å pŚi stanoven² As, Se, P nutnĨ pŚ²davek Mg(NO3)2 

 



Rozklady na such® cestŊ 

-  

ZpopelnŊn² ï jednotliv® f§ze procesu   
 

-- 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

·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 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

General procedure 

1.  Homogenisation of sample 

2.  Weigh-in of a representative aliquot 

3.  Addition of digestion reagent 

4.  Supply of energy (usually heat) 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Reagents 

·Acid     (e.g. with  HCl, H2SO4...) 

·Base      (e.g. with  NaOH, NH3...) 

·Oxidising    (e.g. with  HNO3, H2O2, K2S2O8...) 

·Reductive    (e.g. with  HJ, HBr...) 

·Complexing agent  (e.g. H3BO3...) 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Nitric Acid 

·Oxidizing acid      (CH2)x + 2 HNO3  ð>  CO2 + 2 NO + 2 H2O 

·Often in mixtures with H2O2 or HCl,HF, H2SO4 

·Boiling point:  122ÁC (HNO3 65%) 

·Vapour pressure ~25 bar (at ~225ÁC) 

·Forms soluble nitrates with all elements except: 

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

Nitric Acid + Hydrogen Peroxide 

·Increases oxidation potential    2 H2O2  ð>  2 H2O +  O2 

·Reoxidizes NO to NO3
-  

·Typical mixtures HNO3 : H2O2 = 4:1 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Hydrochloric Acid 

·Non oxidizing acid 

·Boiling point  84ÁC (HCl 32%) 

·Vapour pressure ~25 bar (at ~205ÁC) 

·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 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Aqua Regia 

·HCl : HNO3 = 3:1 

·Forms NOCl 2 NOCl ð> 2 NO + Cl2 

·Vapour pressure ~25 bar (at ~200ÁC) 

·Digestion of pricous metals, sulfides 

·Use always freshly prepared 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Hydrofluoric Acid 

·Non-oxidizing acid 

·Decomposes silicates    SiO2 + 6 HF ð> H2SiF6 + 2 H2O 

·Excess is necessary to prevent loss of BF3, SiF4, GeF4, SeF4 

·boiling point:  108ÁC (HF 40%) 

·vapour pressure ~25 bar (at ~240ÁC) 

·Mostly used in mixtures with other acids 

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

·Complexation required  H3BO3 + 4 HF ð> HBF4 + 3 H2O 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Sulfuric Acid 

·Non-oxidizing acid 

·Dehydration of organic materials 

·Boiling point  340ÁC (H2SO4 98%%)l 

·Mostly used in mixtures with other acids 

·Digestion of plastics, ores, minerals 

·Insoluble sulfates for Ba, Pb, Sr 

 

    ­  Digestion with HNO3 / H2SO4 (1:1) mixture  

    ­  Carbon in matrix made more readily corridible by dehydration  

    ­  Higher digestion temperatures due to lower vapour pressure of mixture  



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Perchloric Acid 

·Strongest oxidizing acid 

·Boiling point  203ÁC (HClO4 72%%) 

·Expolsive decomposition at  245ÁC!  

·Vapour pressure ~25 bar (at ~200ÁC) 

·Mostly used in mixtures with other acids (< 20% in HNO3) 

·Always use digestion temperature  < 200ÁC 

·Insoluble KClO4 

 

Explosion Hazard ! Use only in exceptional cases! 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

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 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Open method at reflux 

·Max. temperature limited by 

    boiling point of acid mixture 

·Allows high weigh-ins 

·Quality of digestion not  

    always sufficient 

·Loss of volatile elements  

    (e.g. Hg, lead salts) 

Closed vessel digestion 

·Max. temperature  260-300ÁC 

·Reduced acid consumption 

·High quality of digestion 

·No Loss of volatile elements  

    (e.g. Hg, lead salts) 

­  Speed-up of digestion process in closed vessel  

         by reaching higher temperatures 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Pressure digestion in steel vessels 

·Pressure resistance 200 bar 

·Temperature max. 230ÁC  (briefly 260ÁC) 

·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 

·Outstanding quality of digestion 

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

·High degree of safety, easy operation 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Pressure digestion in steel vessels 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 
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Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Matrix Weigh-in  Acid  Temperature   Time 

Cellulose/starch 1000 mg  HNO3  160°C 2h 

Flour/grain/leaves 1000 mg  HNO3/HF 180°C       2h 

Tissue/liver 1000 mg  HNO3 170°C-190°C 2h 

Fat/oil 1000 mg  HNO3 (poss. H2O2) 200°C 4h 

Plastics 500 mg  HNO3 /H2SO4 200°C 3-4h 

Carbon/resin 500 mg  HNO3 220°C 6h 

Ceramics/oxides 500 mg  HF or HCl 230°C 2-8h 

Steel 500 mg  HNO3/HCl 200°C 4h 

  

Digestion Vessel  DAB-3 (250 ml) 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Pressure buildup in closed digestion 

Total pressure p 

p = p(CO2)  +  p(acid)    p(CO2)  =  partial pressure of CO2  produced 

     p(acid)  =  partial pressure of acid mixture 

CO2 pressure: 

·dependent on carbon content of sample and weigh-in 

    p(CO2)  =  6.9 * mc [g] * T/V [K/ml] 

Example:  

    V = 30 ml, 0.2 g carbon, 200ÁC  ­  p(CO2)  =  22 bar 

    V = 80 ml, 0.2 g carbon, 200ÁC  ­  p(CO2)  =    8 bar  



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Example (60 ml vessel at 200ÁC): 

·500 mg carbon develops 930 ml CO2 

      ­   partial CO2 pressure of 26 bar 

·Acid pressure for HNO3 at 200ÁC of approx. 10 bar 

    ­   Total pressure approx. 36 bar (60 ml vessel at 200ÁC) 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Pressure build-up in closed digestion 

Total pressure p 

p = p(CO2)  +  p(acid)    p(CO2)  =  partial pressure of CO2 produced 

     p(acid)  =  partial pressure of axid mixture 

Acid pressure: 

·Sum of partial pressures of pure acid and water 

    p(acid)  =  PH20  +  PHCI 

·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 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Vapour-pressure curves/graphs of pure acids 

a.  Aqua regia  

b.  HCl 36% 

c.  HNO3 91% 

d.  HCl 22.9% 

e.  Water 

f.   Boling point HNO3 100% 

g.  Boiling point H2SO4 100% 

h.  Boiling point H3PO4 96% 
 
(Panholzer, LaborPraxis, Oct. 1994, 32) 

 

T [ÁC] 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

·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 

 

Why Microwave Digestion? 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

 

Microwave Heating 

 

Dipole rotation Ionic conduction 

Microwave Microwave 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

 

 Microwave Heating  
 

·Dipole Substances and Ions of Acid and Sample 

contribute to Microwave Heating 

 

Ą Blank solutions absorb less microwave energy 

than sample solutions and reach lower 

temperatures therefore 

Ą Sample weight and acid volume has similar 

influence on termperature 

Ą Homogeneous microwave distribution  

necessary for unifom heating of multiple 

samples 

 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Pressure digestion under microwave 

·It is 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) 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

·Uniform microwave distribution to multiple samples 

·Pressure resistance of plastic, microwave transparent vessels 

·Monitoring and control of temperature and pressure  

    in microwave field 

·Pressure relief mechanism 

 

Microwave Digestion - Problems and Risks 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

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.) 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Organic sample 

1. Solution is heated by microwave energy 

2. At a certain temperature Activation Energy is provided  

    for spontaneous reaction following: 

  

 Eakt + (CH2)x + 2 HNO3  ð>  CO2 + 2 NO + 2 H2O + Energy 

 

Additional Energy is provided, which heats-up solution 
 

3. Microwave power must be reduced to  

 - prevent overheating 

 - allow cool-down of solution 

 

 

Temperature Control of Exothermic Reactions Control 

 

Microwave 

 temperature control for all vessels required 

for safe digestion 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Container materials 

·PTFE    ­   maximum  260Ü C 

·PTFE-TFM  ­   maximum  260Ü C 

·PFA    ­   maximum  200Ü C 

·Quartz (silica) glass  ­   maximum  1,000Ü C 

(theoretically) 



Rozklady na mokr® cestŊ ï z§klady/teorie 

-- 

Requirements of a modern microwave digestion apparatus 

·Digestion temperatures of up to 260ÁC 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 



Rozklady vzorkŢ ï taven² 

-  

Å DlouhodobŊ ĂpodceŔovanĨñ zpŢsob pŚ²pravy vzorku pro ICP OES 

 

Å VelkĨ pokrok s pŚ²chodem automatizovanĨch taviļek pro pŚ²pravu 

vzorku 

 

Å Modern² tavidla ve vysok® ļistotŊ 
 

VĨhody:  

Årychl® a snadn® pŚeveden² do roztoku silik§tovĨch materi§lŢ nebo 

smŊsnĨch materi§lŢ s vysokĨm obsahem silik§tŢ 

ÅIde§ln² pro extr®mnŊ rezistentn² vzorky ï alumina, TiO2 

ÅIde§n² pokud chceme analyzovat i obsah Si (nebo Si/Al pomŊry) 

 

NevĨhody:  

Åvhodn® zejm®na na oxidick® formy vzorku, nŊkdy nutn§ preoxidace 

Åzvyġuje se obsah sol² ï matricovŊ modelovan® kalibrace 

Åu stopov® analĨzy mohou bĨt probl®my se slepĨmi pokusy 

-- 



 



 



 



 



 



 



Typical Solution  

Fusion Procedure ï Step 1 

Weigh into crucible 

1.0 g LiM borate flux 

Add 0.15 g sample  

ground to -200 mesh. 

Add 0.20 g iodide or 

bromide on top 

Heat at 1000ÁC while agitating 

Rotate crucible 

on incline 



Acid 

Typical Solution 

Fusion Procedure ï Step 2 



Microwave digestion 

Tungsten oxide W2O5 
Acids : HF and HNO3 

Time: 40 min 

Acids :H3PO4 and H2SO4 

Time: 50 min 
Alpha-Alumina 



Flux: Lithium metaborate 

Time: 10 min 

Advantages over  

microwave digestion 

Acids :H3PO4 and H2SO4 

Time: 50 min 

Al2O3: 

Fusion Microwave 

4 to 5x 

faster 

Acids : HF and HNO3 

Time: 40 min 

W2O5: 



Microwave digestion 

(Chromite ore) 

Time: 2hrs 5 min 

5 different acids 

Step 3 

Acid: H3BO3 

Time: 30 min 

Step 1 

Acids: H3PO4  and H2SO4 

Time: 60 min 

Step 2 

Acids: HNO3 and HF 

Time: 35 min 



Step 1 

Acids: H3PO4  and H2SO4 

Time: 60 min 

Step 2 

Acids: HNO3 and HF 

Time: 35 min 

Step 3 

Acid: H3BO3 

Time: 30 min 

Advantages over  

microwave digestion 

(Chromite ore) 

Time: 2hrs 5 min 

5 different acids 

Flux: Lithium metaborate 

Time: 10 min 

Fusion Microwave 

12x Faster 



HNO3 

Hot plate acid digestion 

ÅLow or partial dissolution (SiO2, TiO2é) 

2 to 4 hr HNO3 

ÅExtremely time consuming 

             Low analytical accuracy 



Advantages over  

hot plate acid digestion 

ÅEasy to use 

High analytical 

accuracy 

ÅComplete dissolution 

of the sample 

ÅQuick dissolution 

of the sample 

Time 

savings 

Money 

savings 

12 to 20x 

Faster 



Examples of  

Fusion Solutions 

Copper Ceramics 

Bauxite Catalyst 





Peroxide fusion 

Åhttps://www.youtube.com/watch?feature=p

layer_detailpage&v=OCji1uEoktk 

 

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


 



 



 



 



 



 



 



 



 





   

 





 



 


