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Topics to be covered -

* Method development features —
Hardware
Software automation
Technical support
* Routine applications and their performance —
Geochemical
Metals and Materials
Petrochemical (organics)
* Integrated sampling options — USN, Hydride, SSEA and Laser
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ICAP 6000 Method development features - Hardware

* An efficient kitchen area makes
sample handling and maintenance
simple

* Pre-configured application specific
sample introduction kits allow the
analyst to change easily from one
application to another

* Integrated accessories enable
effortless enhanced analytical
capabilities
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Pre-configured Sample kits for every application

Standard Kit — High Solids Kit -

Complete kit for normal For analysis of solutions of up to
aqueous solutions upto 3% 20 % m/v dissolved solids.

m/v dissolved solids Optional argon humidifier for

ultimate high solids tolerance

Hydrofluoric Acid Kit -
All components in contact e =
with HF solutions are Organics/Volatile Kit —

composed of resistant Spray chamber with baffle
plastics or alumina ceramic  (optional jacketed)
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Method development features - Software
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* ITEVAS' method development tools —
55,000 wavelength line library
Comprehensive Interferent Database for each line
Intuitive method creation template
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Reduced Analysis Times

Maximum analyst flexibility with two analysis modes -
Speed or Precision
« Speed mode analyses all axial, then all radial

* Precision mode analyses in the “traditional” mode, per
replicate

* Time savings on real samples =
Speed Mode = 60 seconds per sample
Precision Mode = 90 seconds per sample

e Intelligent rinse and sipper step ahead autosampler
functions reduce overall running time

Analysis Mode: {* Speed { Precision
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Method Development — Technical Support

ol [ctermination of wear metals and additive ¢ In Country Support’ or faCtO ry
elements in used lubricating oils Su pport at
=il Determination of major and trace elements Technicalsu pport.sid.Cambridqe@thermo.com

in foodstufts using microwave digestion and
ICP-OES

Analysis of Geological Samples using 1CP [ Ready to use methods for 8 Key
Determination of trace elements in soils Appllcatlons _PetrOChemlcaL
¢ sediments Foods, Geochemical,
S s P Environmental and EPA6010B,
| Metallurgy, Ceramics, Agricultural
(Fertilizer) and Petrochemical plus
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ICAP Applications and their performance

* Available application notes to get the analyst up and running with
full method guidelines and published achievable Method
Detection Limits

* Pre-configured Application specific sample introduction kits

 Detalls of environmental, geological, organics, metallurgy and
foodstuffs applications
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Metallurgy and Materials

Typical samples -

 Steels and Alloys

* Precious metals — PGMs

* Bulk Materials — bronzes and brasses

* Miscellaneous materials — e.g. catalyst
substrates

* Traces - contaminants

 Typically uses a Radial ICAP
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Sample preparation — Metallurgy

= Microwave digestion — safe and efficient, sometimes requires
HF for siliceous

= Direct Acid digestion — quick, but may not fully digest the
sample, Siliceous materials require HF digestion

= Hot plate digestion — traditional, time consuming technique

= The use of a stabiliser such as Citric acid is sometimes
required for volatile elements
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Application Notes — Metallurgy

Determination of Trace Elements in Steels and Steels and AlloyS — Rad|a|

Alloys using ICP

* Method fully described with
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— * No special plasma
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1150W Plasma

0.6L/min nebuliser
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Geochemical Analysis: Accuracy and MDLs

ELEMENT TR 4763 MEASURED % ZAM 4763 EXPECTED % GEW (1223 MEASURED % GEW M2 EXPECTED %
Cr 205.552 nm 0.0e45 D.0E4E £ O007F 0.3 03E8 e 0006
Cu 327 3% nm 02345 0.2445 & 0005 0276 2T+ 00H
kin 275482 nm 1.006 D067 £ 000E 1.46 1.44 &£ 002
Hi 2216 nm 0.0ETE 0.0E45 & 00014 0161 0166 £ 0,004
P17E.284 nm (0.0ad 00808 £ 0003 0011 00130001
Ti 34341 nm 00202 00222 & 0000E 0262 0285 + 0006
¥ 68796 nm 0.0 o D015 £ Q000 0142 0158 £ 0005

ELEMENT 2= METHOD DETECTION LTS ipphi

Cr 205.557 nm 1.3

Cu 227356 rm 4.3

kin 779437 nm 1.1

Hi #31.E0d nm 1.7

P 17284 nm E

T 248 nm 05

W 5B 756 rm .|
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Sample Introduction Kits - Metallurgy

= Standard Kit (Duo or Radial)

 Complete kit for normal
aqueous solutions up to 3 %
m/v dissolved solids

= High Solids Kit

 Designed for analysis of
solutions containing up to 20
% m/v dissolved solids

« The 2mm centre tube and
high solids nebuliser allows
for the easy analysis of
majors

Thermo ThermoFisher
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Geological

Typical samples -
= Rock samples, sediments, slags, ceramics, cements
= Survey work, quality control, raw material screening
* Robust

= Matrix tolerant

= Stability

= Detection limits (traces)

* Typically uses a Radial ICAP

Thermo ThermoFisher
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Geological sample preparation and digestion

Resistant materials — sample preparation is often difficult

1)Acid dissolution — HCI/HNO,, HF/HNO,/HCI or HF/HCIO,
* Pros — Simple method, fast, moderate solids level
= Cons — “Free” HF, loss of Si or incomplete dissolution

2) Fusion — 1:10 with flux e.g. borates, carbonates, Na peroxide
* Pros — “complete” analysis

= Cons — high dissolved solids, risk of contamination, large
sample dilution, high matrix content

Thermo ThermoFisher
|||||||||| 15 SCIENTIFIC



Geochemical Analysis: Lithium Metaborate Fusions

* A 0.25 g aliquot of finely ground sample was
transferred to a clean platinum crucible

* Using a polythene rod, the sample was mixed with
1.25 g of high purity Lithium Metaborate

* The mixture was fused in a muffle furnace for 30
minutes at a temperature of 1000 °C (45 minutes for
resistant samples)

* Add 100 ml of 5 % nitric acid and place on a
magnetic stirrer for 1 - 2 hours or until dissolution is
complete

» Transfer to a 250 ml volumetric flask with deionized
water and dilute to volume

T

Thermo ThermoFisher
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Geochemical Applications: Optimisation

* 6300 Radial and 6300 Duo

« Optimise pump speed, neb flow & viewing height
(radial)

* Plasma parameters
* RF power 1100
« Coolant flow 12 lpm fixed
 Auxiliary flow 0.5 or 1 Ipm
* Nebuliser flow 0.15 - 0.2 MPa
* Pump speed 40-50rpm = 1.4-1.6 ml/min
15 seconds integration time

Thermo ThermoFisher
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Geochemical Analysis: Accuracy 1

ELEMENT MAG-1 MAG-1
ELEMENT AC-E AC-E MEASURED =% EXPECTED %
MEASURED % EXPECTED % Al g 43 868 +016
= 142 1.18:+0.03 Ba 461 ppm 480 ppm = 41
o o2 ppm 95 ppm + 26 Ca 0.96 0.98 0,07
Ca 0.22 0.24 +0.014 5 31 ppm 30 pom < 3
u *ppm 4 ppm +03 Fe 477 476 +0.42
Fe 165 1770014
K 9.40 373+ 0,02 : = R
Mg 0013 0,02+ 0.006 Mg 1.80 1.81+0.06
M 436 ppm 49 ppm + 155 Mn 734 ppm 759 ppm + 70
Ni Not determined Not determined Ni 49 ppm 23 ppm + 8
Si 11 83 17884 003 Si 23.20 2356 + 0.45
Ti 0.08 0.07 +0.07 Ti 0.44 0.45 +0.04
In 207 ppm 224 ppm £ 6 Zn 118 ppm 130 ppm + B
Ir 781 ppm 780 ppm + 20 Ir 127 ppm 130 ppm + 13
'!'cl'llngrll:lI(C) ThermoFisher
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Geochemical Analysis: MDLs

ELEMENT3c METHOD DETECTION LIMITS (ppb)

Al 6.7
Ba 0.1
Ca 3l
Cu 0.9
Fe 3.4
K. 13.3
Mg 0.3
Mn 0.2
Ni 1.6
S 196
T 1.0
n 0.4
Iy 0.8
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Application Notes — Geological

Analysis of Geological Samples using ICP thh | um MEtabOFate FUSIOnS
— Radial ICAP

- o * High matrix tolerance even
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are usnaby bmied whikethe cophoni s onthenanber - Divios (00 Advanseracais in CID incha oy alow this
of dameais i be dormined and e prais mr.:..h datestar 1o kst higher seasiivig and lowsr naiss ihan = = =
The s imporant area o applied percheeiary min — ang af o pradeeznon. The rlial lams ismamere e

the ickd af minzel =xphaion. In chis ..npt:. chasen ta reduss e neerkreses, The iz
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arcae aflasd with a mewes ideafying sl pockess oo
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n;h.}... b sercrage. Theae high conceriratioes anc

Ii*ii"‘i

LA & ETINE
T T S L i I

* No special plasma
parameters required to
analyse fusions :

J—
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B -1150W Plasma
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with K0P ming iz ached mandash. 5
backpginared carmeti cn war s 1o oecreons amy
[S—r

ELFCTRON CEnron s
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Sample Introduction Kits - Geological

= Standard Kit (Duo or Radial)

o Complete kit for normal
aqueous solutions up to 3
% m/v dissolved solids

= High Solids Kit
e Designed for analysis of

solutions containing up to
20 % m/v dissolved solids

e Use in conjunction with
the argon humidifier for
ultimate high solids
tolerance

Thermo ThermoFisher
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Accessories for ICAP

= Ultrasonic nebuliser — for enhanced detection limits

= Hydride generator — either integrated for ICAP 6500 or basic
system for ICAP 6300 for enhanced detection of hydride
elements

= SSEA — Separate Sampling Excitation Accessory for solid
sampling
= Laser — Laser ablation for solid sampling

Thermo ThermoFisher
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Integrated Accessories for the ICAP 6500

Enhanced Hydride Generation Accessory

Gas Liquid Separator which connects
directly to the ICAP 6500 four channel
peristaltic pump

Designed to enhance the detection
limits for As, Se, BI, Hg, Sb, Sn and
Te to sub ppb levels

Four dedicated channels for

sample, acid blank, reductant and et

drain, with optimized pump tubing ﬁ
Size to ensure the correct mixture of ‘

sample to reductant

Thermo ThermoFisher
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New Accessory Control

- = ICAP 6500
|
= Enable Drain Sensor

Autozampler  Sample Introduction |

| option for accessories
[ Enable Drain Senzor
= Automatic handling of
accesson: [Lase = supported accessories
Mone Fitted
ESE’* = Simplified accessory
Lzkani
¢ & bt i control for unsupported
2 - » Select type
£ &
i s . Cgm port
* Trigger type
] 4 | Cancel | | Help
Thermo ThermoFisher
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Integrated accessories — SSEA

SSEA - Separate Sample and Excitation Accessory
Direct analysis of conductive samples -

A spark ablates the solid
conductive sample and
the resulting cloud of
atoms is carried to the
plasma via an argon

stream Fully supported by iTEVA,
Sertions: Source: : ContrOIS the SS EA power

e ' functions, all the triggering is

(Gas flush time: P secom d 1

Preburm time; [0 secon ds W Autoncrement Sangle Names a. U tO m a.tl C

I = I Use Sample Weight Conections Sample Introduction S ettings:
Frequency : [500Hz | Door Trigger: ¢ First Repeat Only
Powver level : Iﬂ ¢ Each Repeat
-!-ch EeNrTrIr;lI((! 25 !ﬂﬁr?NOTF iISFhIe(!



Laser Ablation — New Wave and CETAC models

= Historically used with ICP-MS

= Used for examination of artefacts, fluid inclusions
or depth profiling
= Applications require high sensitivity

= New generation of “large spot” lasers
= Latest ICP’s have higher sensitivity

= Bulk analysis and traces now possible with ICP-
OES

Thermo ThermoFisher
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Relative Sensitivities - ICP-OES

Sample to Plasma cps/ppm

Aqueous Transport = 300ug/sec (H,0) [50,000]

[Lml/min, 2% transport efficiency] \ 100X Dilution
Laser (750um spot) = 3ug/sec (SiO,) [500] =[500]

[500nm/shot , 10Hz, 15% transport efficiency]

With large spot ablation aqueous and
laser ablation detection limits are

approaching parity for many elements
In the solid

ThermoFisher
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Accessories for solid sampling - Laser

Sample Introduction Settings:

= CETAC and New Wave e Toe - o
supported by ITEVA

= New software support to enable |

transient and steady state .

analysis for Laser
= Application note for LA — ICP .

due for release in Q3 DD 51015 20 25 30 35 40 45 50 55 B0 B5 70 75 60 85 90 QST:W?EU[SE;]W 1200 130 140 150 B0 70 1800 190 20 20
Thermo ThermoFisher
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Conclusions

* ICAP — covers all applications
with ease making any analysis
routine

* Expert software and technical
help means that the answer to
your question is just a click away

ICAP — Your analysis solution

Thermo ThermoFisher
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How can we use ITEVA to help with method

development for different applications?

* ICAP 6500 Series allows automated method development
using the “Optimise Source” routine

* The automated routine requires no user input except to
aspirate a method solution

* Let’s see how this can help with a specific EPA method for
soils and sludges - 6010, and its method development

Thermo ThermoFisher
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Method specific software optimization packages

*Source optimization enables unattended method
development with a simple automated routine

«Automatically optimizes RF power, Nebuliser gas flow,
Pump speed, Coolant gas flow, Auxiliary gas flow (Radial
Viewing Height is also included for Radial Instruments)

Example using EPA 6010 method for Soils and
Sludges analysis

Instrument Tools  Wiew |

ICP Zonkral Panel. ..
Perform &ukto Peak. ..
Torch Alignmentk. ..

Qpkinize Source, ..,

Edit Map Database

Thermo ThermoFisher
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Source Optimization for methods

o
Pl i skon g * Optimize every parameter
oo automatically — with user
potal bemedn il i fowe defined parameters
:Ij 7w w :j: 1350 | 750-1380W ] .
Cse Sl Lies ooz s « Simply aspirate a method
I ¥ Nebudzer Ges Fiow i
—_— 53] ] o0-istm solution
fi D s - Optimize for Best Signal, Best
Best SER & ‘ . . .
e R o Signal/Noise Ratio or Best DL
¥ Coolant Gas Flow : .
] ] v (Best DL used in this case)
v Auliay Gas Flow

j: 02 = jj 20 | 0-2Limin
Run smmj Chose

Thermo ThermoFisher
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Source optimization continued..

Select a Subset of Lines to Analy2

2l The analyst can specify which elements
=4 ]| {0 optimize the method :
o] |0 P

Dezelect Al

Be 313107 {108}
Ca315.237 1107}
Cd 214.438 {457}

g  choose your critical elements with the
EL23D254.5?5524{?18D?} CIiCk Of a bUtton

Fe 271.441 {{1 21}
In 230,605 {445

E?‘EE.#EIEI {441 O r
LiE70.754 { {5102}1}
kMg 279.079 = = »
in 25751 (131  optimize for all elements in the method
Ma 529,532 { 57
Mi 231 604 {445}
P 178 234 {429}

Pb 220.353 {453}

5 206 833 463)  For this EPA Method, all elements were

Se 196.090 {472} -

ch 124989 47 optimized (except Internal Standards
Ti334.941 {101}

TI190 864 {477} i Yttrlum and Ind|um)
E. I Cancel

Thermo ThermoFisher
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Source optimization continued..

® O n C Om p I etl O n ’ th e Method  Run !'f.?*.:_lir-.: ir-sf.*un‘:s,-r.;r. .c: _em__ Hr'; - , — -
, ) [ (NN &FE|GAEBAR |80
analyst is presented E [ orkc optimiee
Wlth the resu ItS Of yJ % Unk: Optimize 26 Neb: 0,90 02/03/2006 15:00:34 CONC Al m
"?l LIk et 2R Tehen: Llpdae P S—— ethod
th e p rOCe d U re v @ kR e 1: Frezs Update to copy the following selected items to the

(v E Unk: Optimize 29 Pump: 3 methad and set the plasma to these values.
] @ Urik: Optirize 30 Purmp! «

Win E e ) Press Cancel to set the plasma to the current method values.
i nk: Opkimize urmp: |

¢ The Optl mlzed L-..j @ Unk: Optimize 32 Pump; | [T Torch Alignment Height |15.IJ mm
. W Et Unk: Optirize 33 Pumnp: |
values are displayed | 7 & 0l P 6o 20 wa
Wlth th eo ptl on to 1 @k Unk: Optinize 35 Pump: v Nebulizer Gas Flow 0.65 =
b ] @ Unk; Cptimize 36 Pump;
u pd ate th e m eth Od ¥ @ Unk: Cptimize 37 Pump: | ¥ Pump Speed IED TRm
o @) Unk: Optimize 38 PUmp: - 5 gy Gias Flow ||:'4— L/min
v E Unk: Optirize 39 Aux
¥ Coolant Gas Flow I'IE L/riir

<[] @k Unk: Optimize 40 A
] W@k Unk: Optimize 41 Aux:

.....

7] @k Unk: Optimize 42 Aus:

Update Cancel l

=T ==

.....

Thermo ThermoFisher
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Source optimization concluded

o

P © The optimized values are

3 momtese | gUtomatically updated into the
i - method

Fhuch Pung e ji |0 1%gm
Aridysis Pump Rate: :|an: v| 015

im0 * As the procedure does not

e lthglpe  [lgmomgtite ] require any analyst input, it

S o -~ was run unattended
Waelengh Range: Low/Boh [ Hih
o o0 o] ] v *The EPA 6010 method was
Hyadiay Gas Flow ot 7] 0-2Um o
koG o ] J1E 2] 00-150em optimized for all parameters
Lol (using default settings) and all

29 elements in 40 minutes!
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