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Your guide to all elemental analysis techniques
 Elemental Analysis solutionsfor your application needs
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1930 1940 1950 1960 1970
 1934OES
 Foundation ofARL by
 Dr. Maurice Hasler,an American
 citizen of Swissancestry
 1953XRF
 First SimultaneousX-ray Spectrometer
 and the world'smost successful
 1957OES
 First vacuumspectrometer -
 Quantovac
 1947AE
 Thermo (Euroglas)started as a glass
 manufacturerin Delft,
 The Netherlands
 1953ICP-OES
 First EbertSpectrometer
 1934 1953 1957
 1947 1953
 How to choose the most suitableinstrument?The increasing and fast-changing demandsthat are placed on many analyticallaboratories make investment decisions innew instrumentation even morechallenging. Analytical performance willalways be a key factor, but other budgetaryconsiderations are important whenchoosing the instrument that is the best fitwith your requirements.
 Thermo Electron Corporation canhelp you in this decision makingprocess
 Enter into a long-term relationshipwith Thermo Electron CorporationA relationship with a number of importantingredients; all directed towards ensuringthat you enjoy the key benefits of theinstrument that you have chosen. Ourapplication and service support ensurethat your instrument meets your analyticaland budgetary requirements over the lifeof the instrument.
 Single source supplierThermo is a highly competitive single sourcefor your elemental analysis needs. Thermois the world’s largest supplier of analyticalinstrumentation. Comforting to know.
 As a supplier of so many techniques,we can help you to make the rightinstrument choice. Thermo can give you allthe answers you need. With our vastexperience in instrument design,
 application, manufacture and support, youknow that whatever that choice may be,you’re with the market leader.
 Thermo helps commercial labs andindustrial customers advance their scientificknowledge and gain a competitive edge inthe markets that they serve. This companyhas a proud reputation. Our industry-leading instruments, scientific equipmentand process control solutions are chosenglobally, to perform in the most demandingenvironments.
 Thermo’s family of instrumentsThermo is the only supplier to offer toolsfor inorganic analysis of elements at allconcentrations, including atomic absorptionspectrometry (AAS), inductively coupledplasma optical emission spectrometry (ICP-OES), ICP mass spectrometry (ICP-MS),optical emission spectrometry (OES) and X-ray spectrometry (XRF). There are alsoelemental analyzers (EA) for measurementof carbon, sulfur, nitrogen and organichalogens.
 Elemental Analysis solutions for your application needsYour guide to all elemental analysis techniques
 Elemental A
 nalysis solutionsfor your application needs
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1980 2000 2010
 1983XRFFirst
 Moire Fringe(Optically driven)
 Goniometer basedSequential XRF
 1991ICP-OES
 First SolidState detector
 instrument
 1993ICP-OESICAP- First
 "Trace" axialplasma
 1982AAS
 First fullyautomatic AAlaunched by
 Thermo (Phillips)-PU9000
 1984ICP-MS
 First commercialICP-MS to MAFF,
 UK
 1990EA
 First AOX analyzer,model ECS 1000
 1993XRF
 First and uniqueIntegrated XRF-
 XRD Spectrometer
 1994OES
 First spectrometerwith CCS & TRS
 technology- ARL 4460
 1999AAS
 Dual atomiserspectrometer - ThermoM Series, the smallestand most automated
 AA system in themarket even today!
 2001ICP-MS
 Release of the X Series,the smallest benchtop
 ICP-MS with 2ndGeneration CollisionCell Technology at
 FACSS
 2003OES
 First high endspectrometer withCCD-technology -
 ARL Quantris
 1994HR-ICP-MS
 First sectorfield ICP-MS
 (ELEMENT) tailoredfor inorganic
 analysis
 1998ICP-MS
 Release of the PQ ExCell withCollision CellTechnology
 1999HR-ICP-MSFirst sector field
 ICP-MS combining thehighest performance
 and productivity
 2002XRF
 First compactentry level
 WDXRF withSmartGoniotechnology
 2005HR-ICP-MS
 First Glow DischargeSector Field MassSpectrometer forhigh throughput
 analysis
 1983 1991 1993 1994 1999 2001 2003
 1982 1984 1990 1993 1994 1998 1999 2002 20051990
 Thermo’s commitment to analyticaland service supportState-of-the-art instruments are only thebeginning with Thermo. A network of factory-trained and highly qualified scientists andengineers offers comprehensive service andsupport programs worldwide. Our expertshelp you choose the right instruments foryour lab, and then keep the instrumentsperforming to specifications.
 A total analysis solution requires morethan advanced technology and quality
 products. It requires a high level of personalattention, application support and on-siteservice. To ensure that maximum productivityis achieved as quickly as possible, Thermooffers a range of operator training courses tocater for all levels of analyst experience.Responding to your changing needs, we workto develop customer-specific applications,generic application notes and methoddevelopments. In addition, our well-trainedservice engineers help you to get the mostout of the instruments.
 Responsive, accessible service andsupport is a cornerstone of our company-wide commitment; helping you to realizemaximum return from your investment in ourproducts.
 Dedicated service support is backed by aWeb-based customer support forum. Youhave 24-hour access to the latest productinformation, software updates andconsumables catalog.
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What elements can be analyzed?One of the first considerations is to view theelements that a technique can analyze andto decide if this technique fulfils yourprimary analytical requirements. Theperiodic table shows the number ofelements that can be analyzed by eachtechnique. It will give you a simpleoverview of which elements can beanalyzed by each member of Thermo’sfamily of instruments!
 What concentration range can Ianalyze?The combined product map gives you anindication of the analytical concentrationrange covered by each technique (Fig. 2). Atechnique may be better suited to eithertrace, minor or bulk analysis.
 The guide will describe each elementalanalysis technique provided by Thermo.Each of the questions listed below will beaddressed. • How does the technique work?
 A brief overview of the sampleintroduction, the working principle andsummary will be discussed for eachtechnique. It will give you an overview ofthe Thermo instrument options.
 • What are the strengths and limitations ofeach technique?We will show you the positive strengths ofeach technique alongside the limitationsthat you need to consider.
 • What are the main application areas?The key application areas are listed foreach technique.
 • Which elements can this techniquemeasure?A specific periodic table for eachtechnique gives a quick overview of thebreadth of coverage of each Thermoinstrument.
 This brochure will help you with the difficulttask of deciding which elemental techniquebest suits your analytical needs. To help youfurther we have also developed a moredetailed tool, an interactive product selectoravailable on our websitewww.thermo.com/elemental.
 Elemental A
 nalysis solutionsfor your application needs
 Aim
 Fig. 2 Typical detection limits for Elemental Analysis techniques
 Summary of Elemental Analysis Techniques
 Flame AAS GFAAS ICP- OES ICP- MS HR-ICP-MS EA OES XRFElemental analysisconsiderationsSampleState liquid liquid liquid liquid/solid liquid/solid liquid/solid/gas solid liquid/solidNo of elements 64 50+ 73 82 82 1 72+ 75+No of samples per day 2000 <100 >250 >250 >250 <100 100-250 100-250Lowest analytical concentration 0.1-10ppb 0.01-1ppb 0.1-10ppb <0.1ppt <0.05 ppq 10ppb-1ppm 10ppb-1ppm 1-10ppmDynamic range 103 102 106 108 109 106 106 106
 Short term precision 0.1-1% 0.5-5% 0.1-2% 0.5-2% 0.5-1% 0.1-5% 0.1-5% 0.1-5%Dissolved solidsin solution 0.5-5% > 20% (slurries) 0-20% 0.1-0.4% 0.20%Sample volumes required 1-5ml <0.1ml 1-5ml 0.1-1ml 0.1-1ml 0.1-1ml 50-500g 1-5gIsotopic analysis no no no yes yes no no noSample preparation required med med med med med min min min
 The aim of this elemental capability brochure is to aid your decision. It is addressed to newcomers aswell as to the experienced user, to give you an overview of the performance of the elementaltechniques and to give some guidance about relative costs of ownership, maintenance and operation(Fig.1). We know you’ll have a lot of questions. We will be pleased to help you through the process!
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• What sample states can be analyzed?(liquid / solid / gas)
 • How many elements can be analyzed? (1 element / < 10 elements / > 10 elements)
 • How many samples can be analyses per day? (<100/100-250/>250samples per day)
 • What is the lowest analytical concentration range the technique cananalyze? (ppt / ppb / ppm )
 • A customer testimony will give you some user-perspectives about thetechnique, an insight into the challenges faced and met by Thermo’sinstruments.
 • At the end of the brochure, a comparison table gives an aggregateoverview of the elemental considerations that you may need to take intoaccount, giving key factors for each technique at a glance!
 • A detection limit table for all of the techniques is provided,encompassing the whole periodic table. It is a comprehensive listcovering all of Thermo’s family of instruments.
 A more detailed elemental techniquequestionnaire is shown as a graphical flowchartfor each technique, asking several key questions.
 Map of combined periodic tableThe periodic table gives you an overview of the elements that can be analyzed by each of the techniques, one ofthe first considerations when choosing an elemental analysis instrument. The following guide will help you decide which technique to choose from.
 Fig. 1
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Technique Overview of FAAS
 Introducing SamplesSamples in liquid form are aspirated into aflame, where analyte elements areatomized.
 Principle of FAASMany elements are efficiently atomizedusing an air/acetylene flame. Others requirethe higher temperature, up to 2600 ˚C, of anitrous oxide/acetylene flame. The nebulizerconverts the liquid sample to an aerosol,which is then passed into the flame. Theflame dissociates the sample into itscomponent atoms. A hollow cathode lampis used to produce a beam of radiation,containing the wavelength of interest. Thisbeam is directed through the flame, wheresome of the light from the hollow cathodelamp is absorbed by the analyte elements.The decrease in the intensity of the beam ismeasured by a photomultiplier tubedetector, and is used to calculate theconcentration of the element in the originalsample.
 SummaryA broad range of elements at ppm levelscan be analyzed with the exception ofsome rare earth elements.
 Technique Overview of GFAAS
 Introducing SamplesSmall sample volumes, typically 20µl, areinjected into a graphite furnace.
 Principle of GFAASThe flame is replaced by a graphite cuvette,which is electrically heated to temperaturesas high as 3,000°C to generate a cloud ofatoms. The hollow cathode lamp beam isdirected through the cuvette, where atomicabsorption occurs.
 SummaryDetection limits up to 1000x lower thanflame AAS.
 Why AAS or GFAAS?
 Strengths
 • The technique is mature and well-characterized. Using Thermo software,extensive method development tools areavailable.
 • Fast technique, a typical flame analysistakes only 12 seconds.
 • Relatively low purchase price is alsoaccompanied by low operating costs.Thermo AAS instruments have the lowestfuel flow rates on the market.
 • GFAAS has excellent detection limits thatare below ppb level for many commonelements.
 • Variety of accessories available,enhancing analytical capabilities, such asthe STAT tube, 100mm burner and hydridegeneration kit.
 Limitations
 • Moderate detection limits using FAAS.• Element limitations.• Single element technique. Thermo
 instruments allow up to 16 elements tobe measured sequentially in the sameanalysis.
 • GFAAS has a limited dynamic range andmore chemical interferences.
 Elemental A
 nalysis solutionsfor your application needs
 Atomic Absorption Spectrometry (AAS)
 In Atomic Absorption Spectrometry (AAS) samples are atomized in either an acetylene flame (FAAS) orin an electrically heated graphite furnace (GFAAS).
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Thermo AAS Instrumentation Thermo AAS instruments with single and dualsample compartments are available. Dualcompartment instruments have flame andgraphite furnace atomizers permanently fitted,and a furnace atomizer accessory is availablefor single compartment instruments.
 All instruments come with the option of
 PC or local control. Thermo software isWindows-based and compatible with LIMS,Excel and Word. An analytical journal logsall entries on every analysis, leaving acomprehensive audit trail. The SOLAARsecuritysoftware provides tools and facilities to allowan organisation to comply with therequirements of the 21CFR part 11 Rule.
 • Easy to use, Wizard-driven• Dual background correction (D2+Zeeman) • Automated method development• GFTV• Auto optimization• Automated hydride & furnace analyses• Validator / Validatorplus for PQ (performance
 quality) and OQ (operation quality)• The smallest AA instrument in the market
 Application Areas
 Environmental
 • Drinking water• Sea water and brines• Sludge and soil digests
 Agriculture
 • Soils and plants• Irrigation water
 Foods
 • Juices• Solids• Formulas and vitamins
 Geochemical
 • Ground water• Rock and ore digests• Cement• Mining samples
 Pharmaceutical
 • QC studies• Body Elemental (Na, K, Ca, Mg)
 Petrochemicals
 • Lubricating oils• Fuel oils
 Biomedical
 • PB in Blood• Urine samples
 “We have used the Thermo’s AA equipmentfor many years. The instrument is reliable andeasy to use. As a busy reference laboratory forclinical analyses, we have found Thermo to bea responsive and very supportive provider ofour equipment”
 Dr. Andrew Taylor, BSc, MSc, PhD, Cchem, FRSC, FRCPathConsultant Biochemist and Visiting ReaderCentre for Clinical Science and MeasurementSchool of Biomedical and Molecular SciencesUniversity of SurreyGuildfors, GU2 7XHUK
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Elemental A
 nalysis solutionsfor your application needs
 Technique Overview of ICP-OES
 Introducing SamplesSamples, normally in solution form, areaspirated using a simple nebulizationsystem and introduced to the ICP source asan aerosol with an argon carrier stream.
 Principle of ICP-OESThe high temperature plasma sourceatomizes the sample and excites the atomsresulting in emission of photons. The atomsof each element in the sample emit specificwavelengths of light. The optical spectrumfrom the plasma is dispersed by an opticalspectrometer, so that the intensities of theindividual wavelengths can be measured.The number of photons emitted is directlyproportional to the concentration of theelement. The photons may be detectedeither sequentially or simultaneously. TheThermo patented Charge Injection Device(CID) enables the simultaneous collection ofdata from all chosen wavelengths.Quantitative analysis is achieved bymeasuring the intensities of these specificwavelengths and, after performing acalibration, converting to concentration.
 SummaryA simultaneous multi-element techniquecapable of measuring 73 elements includingphosphorus, sulfur and boron. Detectionlimits are better than flame AAS but notquite as good as GFAAS in most cases.
 Why ICP-OES?
 Strengths
 • Multi-elemental, simultaneous technique,resulting in a wide range of applicationsincluding complex and organic matrices.
 • High total dissolved solids capability, upto 25% t.d.s can be analyzed.
 • Inert, high temperature source. Even themost refractory elements are atomizedand excited very efficiently with relativelylow interference effects.
 • High resolution spectrometer, ensuringcomplete separation of analyticalwavelengths from possible interferences.
 • Duo or Radial viewing. Thermo’s ICP-OESsystems offer both viewing options,giving the user the advantages ofextended dynamic range and robustmatrix tolerance.
 • High productivity and ease of use, severalhundred samples can be analyzed per day.
 Limitations
 • Moderate to low detection limits (betterthan flame AAS).
 • Uses moderate amount of sample.
 Thermo ICP-OES InstrumentationThermo ICP spectrometers offer extremeperformance with increased sensitivity,improved stability and unmatched speed ofanalysis. Both radial or dual viewing of theplasma are available.• Based on a rugged and well proven
 optical design, the instruments feature anultra temperature-stabilized optical tankwith new high efficiency components toimprove energy throughput.
 • The patented Charge Injection Device(CID) detector has been updated to usean enhanced chip, yielding a detectorwith unparalleled sensitivity and signal-to-noise ratio. Integration times are muchreduced resulting in faster analysis, lessgas consumption and lower cost ofownership.
 • Instruments are further enhanced withmass flow gas control, optimized sampleintroduction assembly and high power RFgenerator, to offer levels of sensitivityand detection limits previouslyunobtainable.
 Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)
 The ICP-OES technique is based on observing the emission spectrum from an ICP source.In the case of a radial spectrometer the plasma is observed from the side whereas an axial spectrometercaptures the spectrum along the axis of the plasma.
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Thermo software is based on a clearbrowser-like interface, making it powerfulyet easy to use. It includes all of the toolsnecessary to ensure compliance with 21CFRpart 11, such as security access levelcontrol and digital signatures. Data ishandled with the speed and integrity of aprofessional sequel server database, whileCrystal Reports is used for report generationallowing flexibility and easy production ofcustomised reports.
 Application Areas
 Environmental
 • Drinking water• Sludge and soil digests• Bore hole waters• Ground water• Sea water and brines• Contaminated land• Leachates
 Petrochemical
 • New and used oils• Additives• Catalyst materials
 Metals and Materials
 • Alloys• Pure metals• Ceramics
 Agriculture• Soils and plants• Irrigation water
 Foods
 • Juices / Drinks• Solids• Formulas and vitamins
 Pharmaceuticals
 • Raw materials• Cosmetics and powders
 Geochemical
 • Ground water• Rock and ore digests• Fusions
 “Our challenge is throughput. Processing200,000-300,000 agricultural samples (soils,plants, grains etc) annually we need reliable,fast and flexible instruments. We have fourdifferent Thermo ICP-OES instruments at ourlab, one of which has analyzed over a millionsamples and is still running.”
 Mr Thomas OlssonAnalyCen Nordic AB, Sweden
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Elemental A
 nalysis solutionsfor your application needs
 Technique Overview of ICP-MS
 Introducing SamplesSamples are typically introduced as solutions.Using accessories, such as laser ablation,solid samples can be analyzed directly.
 Principle of Quadrupole ICP-MSThe high temperature plasma at 10,000°Cgenerates the atomization and ionization of thesample. The isotopes of an element all have aspecific mass. In ICP-MS, some of the ionsgenerated in the plasma are extracted andintroduced into a mass spectrometer, wherethe ions are separated according to theirmass/charge ratio and counted. The massrange of the spectrometer is designed to allowmeasurement of the whole periodic table ofthe elements. The simplicity of a massspectrum means that there are usually fewerand simpler interferences than in opticalemission spectrometry and whereinterferences do occur, simple and reliablecorrections may often be applied. The ions arecounted by a detector and related to theconcentration in the sample. The only elementsthat can not realistically be measured by ICP-MS are those where the background signalsfrom the argon plasma and entrained gases aretoo high, i.e. Ar, O, H, N etc.
 SummaryA quadrupole mass spectrometer is a lowresolution device, sufficient for mostapplications. Special plasma conditionsand post-plasma devices, such as PlasmaScreen and Collision Cell Technology (CCT),can remove polyatomic interferences fromthe spectrum, allowing the overwhelmingmajority of elements to be measured withconfidence down to parts per trillionconcentration levels.
 Technique Overview of HR-ICP-MS
 Introducing SamplesSame as ICP-MS
 Principle of HR-ICP-MSThe same ICP source is employed. Instead ofa quadrupole, a much higher resolutionmagnet is used for mass separation. Thedetector will count the incoming ions andconvert them into concentration.
 SummaryDepending on spectral interferences, a HR-ICP-MS can be used in three differentresolution modes. In low-resolution mode, therelative transmission to the detector isextremely high and spectral background countrates are very low and so extraordinarily lowdetection limits can be achieved. In high-resolution mode, HR-ICP-MS is able togenerate unequivocal quantitative analysis, byusing a resolution that eliminates the majorityof polyatomic interferences by completespectral separation of the analyteand interfering peaks.
 Why Quadrupole and HR ICP-MS?
 Strengths
 • Multi-element, simultaneous techniqueanalyzing the majority of the periodictable.
 • Isotope ratio capabilities, e.g. for nuclearapplications.
 • Lowest detection limits, lower than thosegained from ICP-OES systems andGFAAS.
 • Simple mass spectra, easier to interpretthan ICP-OES spectra.
 • Wide dynamic range for major, minor andtrace analysis. Dual mode detectors yieldmeasurements over 9 orders ofmagnitude.
 • High sample throughput per day.• Wide range of application areas.
 Limitations
 • Uses moderate amount of sample.• Upper limit of total dissolved solids is
 0.2%.• Signal suppression and drift in very high
 matrix solutions.
 Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
 The ICP source and sample introduction systems used in ICP-MS are very similar to those used in opticalemission systems. The Ar ICP is an excellent ionization source producing predominantly singly charged(M+) ions. In ICP-MS, sample ions are extracted from the plasma and separated according to mass. Themass separation is either achieved by a low resolution quadrupole or a high resolution magnetic sector(HR-ICP-MS).
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Thermo ICP-MS Instrumentation
 Quadrupole ICP-MS:The Thermo quadrupole-based ICP-MS is apowerful and precise measurement tool,designed for maximum productivity in awide cross-section of applications.• Highest throughput with protocol
 compliance.• Thermo software is the most
 comprehensive and automated ICP-MSsoftware, available with PlasmaLabIntelligently Controlled Operations (PICO)Technology.
 • Integrated software and hardware controlfor speciation, auto-dilution and laserablation.
 • Highest productivity of any quadrupoleICP-MS for both standard or mixedstandard and CCT based determinations.
 • Plug & Play upgradeability.
 High Resolution ICP-MS:Thermo sector field based ICP-MS presentsthe gold standard in ICP-MS. Physicalseparation of interferences from the analytesby their small difference in mass, guaranteesresults of highest accuracy and precisionindependent of the matrix to be analyzed. Theinstrument combines the highest sensitivitywith the lowest background of any ICP-MS,entering a new era of detection power forICP-MS. The software suite controlling the instrumentenables the use of the instrument as a state-of-the-art research tool as well as for highlydemanding routine operation, with minimumoperator interaction. Powerful QA/QCpackages are included, meetinginternationally regulated requirements, suchas US EPA 200.8 and 6020.
 Application Areas
 Environmental
 • Drinking water• Sludge and soil digests• Bore hole / hard waters• Ground water• Sea water and brines• Nuclear pollution
 Speciation
 • LC-ICP-MS: As, Cr, Se, metabolomics, • GC-ICP-MS: Hg, Sn, S, Cl
 Biomedical
 • Blood• Urine• Serum• Biological tissue digests• Pharmaceutical compounds QA• Protein phosphylation
 Semi-conductor
 • Process chemicals• VPD samples• Organic solvents and photo-resists
 Nuclear
 • Fuel production QA/QC• Operator body fluid monitoring• Isotope ratio studies
 Geochemical
 • Ground water• Rock and ore digests• Fusions• LA-ICP-MS in situ analysis of minerals• Fluid inclusions
 Materials Characterization/ForensicAnalysis
 • Glass• Ceramics• Paint• Artifacts• Catalyst contamination
 “We have been very pleased with the new X series ICP-MS.The instrument has been very reliable and very sensitive andwe are impressed with the stability of the counts on a day today basis. The software has to be the best aspect of the ICP-MS, its easy to use, will carry out complicated processesquickly, is compatible with MS office packages and saves alot of time processing results. The collision cell works wellon the instrument and we are analyzing elements likechromium and vanadium in urine samples routinely. Thehyphenation of LC to the ICP-MS is straightforward and againthe software saves both time and brainpower! The softwarefor speciation is better than any I have ever used. Thesupport from Thermo has been excellent, I really cannot faultanything about it. The engineers are prompt and veryhelpful, they are very well trained in all aspects of theinstrument. The 'tech-connect' capability is also great wherethe engineers at the factory can sort a fault remotely. Theapplications chemists are also very supportive and helpful,very knowledgeable and continue to help our laboratory withall aspects of the instrument.”
 Dr J. MortonBiological Monitoring, Health and Safety LaboratoryBuxton, UK
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Elemental A
 nalysis solutionsfor your application needs
 Technique Overview of EA
 Introducing SamplesSamples can be in either liquid or solidstate and some instruments can alsomeasure in gas samples.
 Principle of EAThe principle behind this technique is thatthe samples are oxidized, in an oxygen richatmosphere within a quartz combustiontube which is heated by an electricallyheated furnace. The oxidation of sampleneeds to be complete and efficient, toensure that the technique is bothquantitative and reliable. Special andsometimes even patented flow schemesensure full oxidation. For TOC, UV light incombination with the reagent power ofpersulfate can be used. The gaseousoxidation products are cooled and scrubbedto remove possible interfering compoundsand measured at a specific detector. Thespecific detector used depends on theelement being determined.
 SummarySamples are efficiently oxidized and theconcentration of the analyzed element inthe sample is calculated from the amount ofits oxide measured in the combustionproducts. Halide measurement is by micro-coulometry, an absolute technique,therefore calibration is not necessary.
 Why Elemental Analyzer?
 Strengths
 • The technique is simple and effective.Little sample preparation is required andthe analytical cycle from sample to resultrequires no further intervention by theoperator.
 • Reliable full automation allowscompletely unattended analysis of dozensof samples.
 • The method is accurate and relativelyfree from interferences. Water vapor andsome unwanted combustion products mayneed to be removed from the gaseouscombustion products, but this isperformed fully automatically prior todetection.
 • Cost of purchase and maintenance arevery low.
 • The cost per determination is also verylow. Even though combustion analyzersoften measure just one or two elementsper sample, the unattended automatedoperation and low maintenancerequirements yield very low cost ofoperation.
 • Multi-element instruments have beendeveloped which are able to measureseveral elements.
 Limitations• Some elements require a specific detector
 or a particular oxidation technique, sosome combustion analyzers are single-element instruments.
 Thermo Elemental AnalyzerInstrumentation
 Thermo offers a wide range of combustionanalyzers:
 Total Nitrogen Analyzer (TN): offers fastand accurate analysis of liquid, solid andgas samples from low levels (ppb) to highconcentrations (ppm). This trace levelanalyzer gets you the necessary dataquickly, reliably and accurately.
 Total Sulfur Analyzer (TS) (liquid, solid,gas): presents an advanced trace sulfuranalysis technique, which fully complieswith the ASTM D5453, IP PM CL/99, NFM0795 standards. The analyzer producesaccurate and reliable data at ultra-lowlevels in liquids, solids and gases.
 Elemental Analyzer (EA)
 Elemental Analyzers can measure Sulfur (TS), Nitrogen (TN), Chlorine (TX), Carbon (TC), OrganicHalogens (AOX, TOX, EOX) and Total Organic Carbon (TOC). Whilst a range of oxidation and detectiontechnologies are employed in combustion analysis, the principle is common to them all.
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Total Chlorine Analyzer (TX) (liquid,solid, gas): meets the stringent compliancerules for total chlorine measurements inhigh-grade chemicals, petroleum productsand LPG and gases.
 Advantages of the TN/TS/TX analyzers: • Flexibility: Easily adaptable to new types
 of analyses (from N to S and/or Cl). • Productivity: They work around the clock,
 equipped with a liquid or solid autosampler.
 • Reliability: Ensure complete combustion,even with large samples.
 • Superiority: The lowest detection limit onthe market.
 Total Organic Carbon Analyzer (TOC)(liquid): Four oxidation methods on one totalorganic carbon analyzer.• High temperature oxidation: Excellent
 technique for difficult-to-oxidize and non-saline samples.
 • UV / persulfate: Ideal for routineenvironmental and drinking water samples.
 • UV: Extremely sensitive down to ppblevels.
 • Ozone-promoted: Powerful technique foranalysis of acids and salty waters.
 Organic Halogens Analyzer (AOX/TOX,EOX, POX) (liquid/solid): Elementalanalyzers for measurement of AOX (TOX),EOX and POX in water and solid samples.The analysis method is based on themicrocoulometric technique, which is thebest reference method for the determinationof total organic halogen content inenvironmental samples. • Easy-to-exchange sample modules for
 AOX, EOX or POX.• Automatic recognition of modules.• Uniquely designed EOX module: a Thermo
 specialty!• Robust low maintenance design.• Ease of use: Quick generation of sample
 queues and methods. Very fast start-uptime (less than 30 minutes).
 Application Areas
 Petrochemical
 • Chemical & petrochemical refineries • Commercial petrotesting labs
 Environmental
 • Drinking water laboratories • Environmental laboratories • Governmental institutes and research
 facilities • Pulp and paper laboratories • Universities
 “Thermo Electron Corporation’s instrument notonly meets the present needs of the lab but willalso meet future requirements with the everchanging fuel oil industry. Thermo’s system withits price, performance and support is theinstrument that meets the needs of thepetroleum laboratory and I recommend thatThermo receive this order”
 Vernon Miller, Senior Petroleum ChemistDepartment of Agriculture350 Capitol Hill AvenueReno, Nevada89502-2923USA
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Elemental A
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 Technique Overview of XRF
 Introducing SamplesAn inorganic or organic solid sample orpowder or liquid is presented to theinstrument. Samples include cement, metalsand alloys, geological, ceramics, glasses,refractories, slags, sinters, chemicals, foodproducts, oils and polymers. Liquid samplesare generally analyzed under heliumatmosphere.
 Principle of XRFA flat surface of the sample is bombardedby a beam of ‘primary’ X-rays, removing anelectron in an inner shell (K or L) of anatom. This vacancy is filled by an electronfrom a higher energy shell, resulting in theemission of an X-ray photon (fluorescence)of a characteristic energy from the atom.Each element has a spectrum of specific X-ray wavelengths. The multi-elementspectrum is separated into individualwavelengths (Wavelength DispersiveWDXRF) using diffraction by crystals(Bragg’s law) or into energies directlymeasured by a solid state detector forexample (Energy Dispersive EDXRF). In bothcases, the fluorescence X-rays emitted bythe sample are counted by the detector andused to calculate the elementalconcentration in the sample.
 SummaryXRF delivers highest precision data, superiorto other elemental techniques. Theidentification of the emitted wavelengths (orenergies) leads to qualitative information onsample chemical composition, while theirintensities are a function of elementconcentration.
 Why XRF?
 Strengths
 • Rapid, non-destructive and versatile• High precision, multi-element technique• Qualitative, quantitative and "standard-
 less" analysis• Wide dynamic range from sub-ppm to
 100%• Highly automated for unattended
 operation• Inter-element spectral effects have very
 reliable correction factors.
 Limitations
 • Difficult to quantify below ppm in solids• Requires homogeneous and
 representative specimen for accuratequantitative analysis.
 • Powdered samples requirepreparation time, either pressedinto a pellet or dissolved at hightemperatures in a flux, cooledto form a glass bead.
 Thermo XRF InstrumentationThermo offers a wide range of XRFinstruments.• A high performance EDXRF system with
 unique Peltier-cooled Si (Li) detectortechnology. This bench top system canalso be equipped with PIN detector for asimple and cost-effective configuration.Sample presentation is direct and simple.“Standard-less” analysis programs areintegrated as part of the Thermo softwarepackage.
 • An entry level WDXRF system withunique SmartGonio™ technology forflexible sequential analysis of elementsfrom F to U. It can also be fitted withMultichromators™ for simultaneousanalysis. It offers the lowest cost peranalysis index when compared to manyother analytical techniques when alimited number of elements or oxides are
 analyzed. A powerful standard-lessprogram called OptiQuant™ can be
 exploited for the analysis oftotally unknown materials.
 X-Ray Fluorescence (XRF)
 X-ray fluorescence (XRF) is an analysis technique which allows measurement of up to 83 elements insamples of various forms and nature: solids, liquids, loose powders and thin films of both inorganic andorganic nature. A variety of Thermo XRF systems are available, the overall working principle is the same.
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• A flexible and advanced medium to highpower sequential XRF instrument. Usingworld-renowned Moire fringe (opticalencoder-based) technology, bothSmartGonio™ and Universal Goniometersform the heart of these analyticalsystems. Coupled with intelligent X-raypower and X-ray optical coupling, it offersthe best performance at mid-power of1200W.
 • An X-ray spectrometer family trulyintegrating sequential XRF, simultaneousXRF and XRD systems in one instrument.Compared to two independently operatedXRF and XRD instruments, it offers themost cost-effective solution for chemicaland phase analysis using one sample,one X-ray tube under vacuum and thesame analytical software. Both speed andflexibility are built in, thanks to themodular design, incorporatingGoniometers and necessary fixedchannels for routine analysis.
 Application Areas
 Industrial Process Control
 • Iron and steel• Copper, bronze and brass• Nickel, stellite and super-alloy• Ferro alloys, silicon• Slags• Composite materials, polymers• Coatings• Cement• Glass, paint, paper• Metal sheets
 Life Science/Environmental• Inorganic elements in drugs• Nutritional/material screening• Food, beverages, agricultural products• Air filters• Traces in soils and sediments• RoHS and WEEE compliancy for toxic
 elements
 Petrochemical Industry
 • Refinery products (oils), additives in oils,lubricants and residues
 • Polymers, catalysts andrelated materials
 General Laboratory and Academics
 • Art and archaeology• Geology• Forensic• Research and development
 "WDXRF is a suitable analytical technique for geologicalmaterials due to its multi-element capability, wide dynamicrange (trace to major constituent), excellent precision andaccuracy, relatively easy sample preparation, and highsample throughput. We have been using WDXRF in the WSUGeoAnalytical Laboratory for over 25 years on a wide varietyof geologic samples and have been processing over 4000samples per year. Our users include field geologists forstate and national surveys, research scientists from deep seacruises, professors and students. Due to advances in XRFinstrumentation, we can now analyze a new sample every50-55 minutes for 28 major and trace elements with veryhigh precision for the vast majority of analytes. As theinstrumentation has evolved, we have been able to provideanalyses faster, for more elements, and with better precision.Our capabilities have recently been tremendously improvedby the acquisition of a high power, high peak to backgroundinstrument (Thermo ARL ADVANT'XP+) which doubles ourpotential throughput and significantly improves our precisionfor many trace elements"
 Diane Johnson Cornelius, M.S.,Research Technologist Supervisor, GeoAnalytical Laboratory509-335-4486 Phone, 509-335-7816 FAXDepartment of Geology, 1228 Webster Physical SciencesBldg,Washington State University, Pullman, WA 99164-2812
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Elemental A
 nalysis solutionsfor your application needs
 Technique Overview of OES
 Introducing SamplesA flat, solid metal sample is presented tothe OES. Sample preparation techniquesinclude grinding and milling.
 Principle of OESIn OES, the sample of the material to beanalyzed is ablated by an electricaldischarge across a gap between anelectrode and the sample surface. Somematerial eroded from the sample surfacebecomes atomized and excited in thedischarge. The process is followed by light-emission of characteristic wavelengths, bythe elements of the sample. An opticalemission spectrometer disperses the opticalspectrum so that the individual wavelengthintensities can be measured simultaneouslyand related to element concentrations. OESinstruments are differentiated by thedetector used, either PMT (photomultipliertube) or CCD (Charge Coupled Device)sensor. Traditional instruments using PMT’shave an individual detector setup for eachanalytical wavelength (up to 60 individualdetectors). Using the new CCD detector, thewhole emission spectrum can be viewed.
 SummaryOES is fast, precise and accurate and isused as a QC tool in the manufacture ortransformation of a wide range of ferrousand non-ferrous metals.
 Why OES?
 Strengths
 • The technique is precise, accurate andfast, meeting the exacting requirementsof production control applications.
 • Reliable full automation allowscompletely unattended analysis ofsamples.
 • Easy to use.• High productivity, samples can be
 measured in tens of seconds.• Maintenance and operating costs are
 very low.• Wide range of elements can be
 measured.• Supplied as a turn-key system, ready to
 use. Configured and calibrated in thefactory before delivery.
 • Factory calibrations with CARL (a verysophisticated multi-variableregression software tool thatcorrects for matrix effects, aswell as spectralinterferences) ensure thehighest possibleaccuracy.
 Limitations
 • Sufficient sample area must be provided(diameter > 20 mm).
 • Instruments need to be configured forspecific metal types when using PMT’s.
 Optical Emission Spectrometry (OES)
 OES provides direct analysis of solid metal samples. The range of Thermo instruments are all based onthe same general working principle.
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Thermo OES InstrumentationThermo offers a wide range of OESinstruments.• A compact, desktop spectrometer for
 metals analysis. Instrument based on CCD(Charge Coupled Device) technology. Idealfor foundries, QC environments orincoming metal control departments.
 • A high performance metals analyzer, alsobased on CCD technology. Achieves theperformance of traditional full-size PMTinstruments. Ideal for a variety ofindustries from foundries to industrialcentral laboratories, as well as foruniversities or contract laboratories.
 • An OES instrument for fast, accuratemetals analysis in primary plants,foundries, forges, and also in metals QCand R&D laboratories. It provides highperformance, with rugged construction,operational convenience and reliableoperation.
 • An ultimate performance OES instrumentfor metals analysis, including inclusionsanalysis. It offers:• Versatility: To analyze any metal in
 many shapes and forms• Fast: For duplicate measurements in
 less than 40 seconds• Range: From trace (ppm) to alloy
 concentration levels• Accurate: With certified reference
 materials as standards, accuracynominally better than 1% relative
 • Economical: Low capital investmentand operating costs
 • Special applications: N2 and O2analysis
 • Inclusions analysis: Al2O3, CaO, CaS,TiN…in steels, TiB2, MgO… inaluminum
 • Fire Assay analyzer for rapid, cost-effective analysis of lead buttonscontaining traces of precious metals.With the patented Current ControlledSource (CCS) and Time ResolvedSpectroscopy (TRS), detection limits inthe sub-ppm range.
 Application AreasWide range of alloys of various metals, e.g.:
 Ferrous Industry
 • Low alloy steel• Cast iron• Stainless steel• Manganese steel• Stainless iron
 Aluminum Alloys
 • Low alloy aluminum• Al-Si• Al-Si-Cu
 Copper Alloys
 • Brass• Bronze
 Zinc Alloysetc.
 “The production control laboratory is in charge of the control of thesteels during their working-out. The steels produced are mainlylow carbon steels with traces of elements like C, N, B, Ti, S, Nbbeing as low as some ppm’s. This control implies severeconstraints on the reproducibility, accuracy and robustness of theanalytical method as well as very short delays for the analyticalanswer.
 The laboratory was composed of five shifts of 4 people and had tobe reduced to three people despite keeping the same workload.
 The decision was taken to equip the laboratory with a fullyautomatic analysis system including an automatic belt grindingmachine, the ARL SMS-2000 with an image analysis system toidentify defective samples in advance and labeling system to markthe sample after analysis, as well at the ARL 4460 spectrometerwith the CNOPS option for the trace analysis of these elementsand the Spark-DAT option for inclusions determination.
 Objectives were rapidly achieved. The commissioning took onemonth, 98 % of the steel analysis (including C and N) areperformed by the instrument, the inclusion analysis shows aremarkable concordance with the results of our research center, asingle operator controls the system, and the weekly maintenancetakes less than two hours.”
 M. Jean Sabbioneda, Laboratory Manager
 Sollac Lorraine, Aciérie de Seremange
 Laboratoire Contrôle Production
 57191 Florange (France)
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The following DL's are calculated at 3 sigma detection limits. The detection limits listed arerepresentative of the technique and do not represent the performance of a particular instrument.* Unless indicated otherwise
 Element Flame AAS GFAAS ICP OES (Radial) ICP OES (Axial) ICP-MS (Quad) HR-ICP-MS EA OES XRF
 (ppb) (ppb) (ppb)* (ppb)* (ppb)* (ppt)* (ppb) (ppm) (ppm)
 Ag 3 0.04 1 0.3 0.001-0.005 0.001-1.0 0.002-2 10-100Al 30 0.13 1.5 0.3 0.001-0.005 0.001 0.02-6 1-10Am <0.01 ppt <0.001As 120 0.23 4 2 0.005-0.1 1 0.1-5 1-10Au 13 0.15 6 0.6 0.001-0.005 0.001-1.0 0.2-0.6 1-10B 500 43 0.5 0.2 0.005-0.1 0.001 ppt-0.005 ppb 0.1-2 >400Ba 31 0.2 0.2 0.04 0.001-0.005 0.001 ppt-0.005 ppb 0.2-0.002 1-10Be 4 0.001 0.2 0.06 0.001-0.005 0.001 ppt-0.005 ppb 0.001-0.6Bi 50 0.3 4 2 0.001-0.005 <0.001 0.01-4 1-10Br 8ppm 6ppm 0.005-0.1 0.005-0.1 ppb 1-10C 100 1-10 >300Ca 4 0.04 0.05 0.02 0.005-0.1 0.02-1 1-10Cd 3 0.01 0.3 0.1 <0.001 0.1 0.005-1 5-100Ce 6 4 0.001-0.005 0.001-1 0.5-1 1-10Cl 6ppm 4ppm 10 ppb-1ppm 50 0.05-1 1-10Co 10 0.2 0.5 0.2 0.001-0.005 0.001-1 0.05-3 1-10Cr 6 0.025 0.5 0.2 <0.001 0.1 0.05-2 1-10Cs 10 0.3 3200 2000 0.001-0.005 0.001-1 1-10Cu 5 0.07 2 1 <0.001 0.001 0.005-10 1-10Dy 200 1.8 1 0.5 0.001-0.005 0.001-1 2-4 1-10Er 35 3.8 1 0.5 0.001-0.005 0.001-1 1-3 1-10Eu 36 0.8 1 0.5 0.001-0.005 0.001-1 1-10F 10 ppb-1ppm 10 ppb-1 ppm 100-1,000Fe 4 0.06 0.8 0.3 0.001-0.005 0.01 0.1-4 1-10Ga 65 1 5 2 0.001-0.005 0.001-1 0.05-0.1 1-10Gd 2000 3 2 0.001-0.005 0.001-1 10-20 1-10Ge 100 0.5 5 2 0.001-0.005 0.001-1 0.02-2 1-10H 10-100 ppmHf 2000 2 1 0.001-0.005 0.001-1 4-10 1-10Hg 900 8 5 0.005-0.1 1 0.25-0.5 1-10Ho 10 1 0.5 0.001-0.005 0.001-1 1-10I 1.5ppm 1ppm 0.005-0.1 0.005-0.1 ppb 200 10-100In 110 0.3 10 5 0.001-0.005 0.001-1 0.03-15 10-100Ir 460 30 3 2 0.001-0.005 0.001-1 0.5-1 1-10K 1 0.02 30 3 0.001-0.005 0.001-1 2-10 1-10La 2000 1 0.2 0.001-0.005 0.001-1 0.5-3 1-10
 Li 2 0.06 2 1 0.001-0.005 0.001-1 0.02-0.2Lu 300 0.1 0.05 0.001-0.005 0.001-1 1-10Mg 2 0.01 0.1 0.03 0.001-0.005 0.001-1 0.005-3 10-100
 Elemental A
 nalysis solutionsfor your application needs
 Typical detection limits of elemental analysis techniques
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Element Flame AAS GFAAS ICP OES (Radial) ICP OES (Axial) ICP-MS (Quad) HR-ICP-MS EA OES XRF
 (ppb) (ppb) (ppb)* (ppb)* (ppb)* (ppt)* (ppb) (ppm) (ppm)
 Mn 2 0.03 0.3 0.05 0.001-0.005 0.001-1 0.05-3 1-10Mo 20 0.14 0.8 0.4 0.001-0.005 0.001-1 0.02-4 1-10N 20 1.5-8 >400Na 4 0.05 1.1 0.5 0.001-0.005 0.001-1 0.03-6 10-100Nb 2000 4 2 0.001-0.005 0.001-1 2-4 1-10Nd 850 5 2 0.001-0.005 0.001-1 15-30 1-10Ni 8 0.06 0.8 0.4 0.001-0.005 0.001 0.005-2 1-10Np <0.01 ppt 0.001 ppqO 5-30 100-1,000Os 100 0.5 0.2 0.005-0.1 0.001-1 1-10P 4000 100 15 8 0.005-01 0.001-1 0.1-4 1-10Pb 13 0.03 5 2 <0.001 0.001 0.1-6 1-10Pd 42 0.50 5 2 0.001-0.005 0.001-1 0.05-0.5 10-100Pr 13 4 2 0.001-0.005 0.001-1 0.5-5 1-10Pt 160 4.50 5 2 0.001-0.005 0.001-1 0.1-1 1-10Pu <0.01 ppt <0.001Ra <0.01 ppt <0.001Rb 2 0.06 2000 1000 0.001-0.005 0.001-1 1-10Re 800 1 0.5 0.001-0.005 0.001-1 1-10Rh 8 0.4 5 2 0.001-0.005 0.001-1 0.1-1 10-100Ru 100 0.75 4 2 0.001-0.005 0.001-1 0.1-0.5 10-100S 15 8 0.1-10 50 ppb 5 0.01-1 1-10Sb 92 0.3 4 2 0.001-0.005 0.001-1 0.1-10 10-100Sc 11 0.2 0.05 0.001-0.005 0.001-1 1-10Se 230 0.32 5 3 0.005-0.1 0.001-1 0.1-4 1-10Si 370 0.8 3 1.5 0.005-0.1 0.005-0.1 ppb 0.1-8 1-10Sm 750 5 2 0.001-0.005 0.001-1 2-10 1-10Sn 210 0.6 5 2 0.001-0.005 0.001-1 0.1-5 10-100Sr 5 0.1 0.2 0.1 0.001-0.005 0.001-1 0.02-0.1 1-10Ta 500 4 2 0.001-0.005 0.001-1 10-20 1-10Tb 700 0.2 5 2 0.001-0.005 0.001-1 1-10Tc 0.001-0.005 0.001-1Te 54 0.5 5 2 0.001-0.005 0.001-1 0.1-3 10-100Th 7 3 <0.01 ppt <0.001 1-10Ti 50 1.6 0.5 0.2 0.001-0.005 0.001-1 0.05-1 1-10Tl 14 0.75 5 1.5 0.001-0.005 <0.001 0.01-0.5 1-10Tm 20 1 0.5 0.001-0.005 0.001-1 1-10U 5,000 ` 20 10 <0.01 ppt <0.001 5-10 1-10V 110 0.7 0.7 0.5 0.001-0.005 0.001-1 0.1-1 1-10W 750 5 2 0.001-0.005 0.001-1 0.1-3 1-10Y 350 5 2 0.001-0.005 0.001-1 2-5 1-10Yb 20 0.15 2 1 0.001-0.005 0.001-1 0.2-1 1-10Zn 3 0.0075 0.2 0.1 0.001-0.005 0.01 ppb 0.05-15 1-10Zr 500 1 0.5 0.005-0.1 0.001-1 0.05-1 1-10
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For more information on the elemental analysis techniques, please visit our websitewww.thermo.com/elemental or call your local sales representative.
 Tap our expertise throughout the life of your instrument. As an industry
 leader in analytical instruments, Thermo extends its support throughout
 our worldwide network of Thermo-trained and certified engineers who
 are experts in laboratory technologies and applications. Put our team
 of experts to work for you in a range of disciplines, from system
 installation, training and technical support, to complete asset
 management and regulatory compliance consulting. Improve your
 productivity and lower the cost of instrument ownership through our
 product support services. Maximize uptime while eliminating the
 uncontrollable cost of unplanned maintenance and repairs. When it’s
 time to enhance your systems,Thermo also offers certified parts and a
 range of accessories and consumables suited to your application.
 To learn more about our products and comprehensive service offerings,
 visit our Web site at www.thermo.com.
 Laboratory Solutions Backedby Worldwide Service and Support
 BR40730_E12/04C
 ©2004 Thermo Electron Corporation. All rights reserved.All trademarks are the property of Thermo ElectronCorporation and its subsidiaries.
 Specifications, terms and pricing are subject to change.Not all products are available in all countries. Pleaseconsult your local sales representative for details.
 In addition to these offices,ThermoElectron Corporation maintains anetwork of representativeorganizations throughout the world.
 Australia+61 2 8844 9500 • [email protected]
 Austria+43 1 333 50340 • [email protected]
 Belgium+32 2 482 30 30 • [email protected]
 Canada+1 800 532 4752 • [email protected]
 China+86 10 5850 3588 • [email protected]
 France+33 1 60 92 48 00 • [email protected]
 Germany+49 6103 4080 • [email protected]
 India+91 22 2778 1101 • [email protected]
 Italy+39 02 950 591 • [email protected]
 Japan+81 45 453 9100 • [email protected]
 Netherlands+31 76 587 98 88 • [email protected]
 Nordic+46 8 556 468 00 • [email protected]
 South Africa+27 11 570 1840 • [email protected]
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