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Optimal Spark Optical Emission Spectroscopy
Analysis Results
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Atomic physics — How photons are emitted
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Figure 1: Bohr model (1913 ) Lithium --> excitation --> relaxation --> photon emission

Lithium
6.941

Figure 2: Lithium emission spectrum
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Spark OES Spectrum 130nm — 800nm
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CCD based Spark OES architecture

Diffraction ;
Primary

grating Slit Entrance
Lens Window

Spectrosource Pty Ltd copyright 2025

Staggerd
CCD assemblies

Spark source &
Control Circuitry

< USB interface




EEIEE /h\Spectrosource
Spark Stand architecture

Pneumatic
sample clamp
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Calculation of results from Calibration Curve

Calibration curve for Carbon in low alloy steel

Element concentration ratio

result comparison to previously
measured set of calibration samples
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relative measurement method
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Recalibration, Standardization or Drift correction

Recalibration correction curve

Drift corrected curve

uncorrected curve

Corrected
Intensity
IME nom.
|3 X
IME meas
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IME nom.

Uncorrected intensity

¥4 recalibration - program i 18] x|
measuring-program  program-No.  measuring-No. all samples recalibration sam
| Recalibration Steel | 10 | average 101 102 108 104 108 -
= M =
no[EFe ] c | i recallbratl - values . - B

Soll| 2 2500| Ne 10 1.660

element aI ha beta - !
1 2469| 124.0| 9440| 2 - - 5 5649| 1.706
2431| 123.0] 927.0 Y - - 5411| 1.715

: : 5480

mite| 2445| 1235| 9855| 4

1.710

no. Mo Ni | Ni. o save these values ?
Soll \ 0.5810|
1 | 4840| 3100]0. ooes} 202.0
2 | 4750 3036 0.6072| 40 229.0] 192.0] 916.0] 202.0
mite{ 4795 3068 0.6068) 4085 91.00 2290| 191.0| 921.0| 2020

—memunng values

@ & M print repont & ] % e 2 o
Start = M filz rzpon prog JllSamp) aver calc direct print | save

Bistort| |3 £ Y [ Y recal steel .. | L pre service | ] 2019090822 recal cest 5., | [pesitop [« () 09:25
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s Type - Calibration - X
type no. type deszcription Meazuring-no measuring program Program Mo.
| 12 | SS 2205 | average- | High alloyed C>5% Ni>4% [ 13
Type Correction Value ~
Type No: 122
- - - 0. Element additive multipicativ 3.180
1 0011 0356 1.416 Q. 17 3163
2 0008 0350 1417 O 1 oease |34 3.162
3 0011 0364 1417 0. 28 3.164
1 0.008 0347 1409 0. 1.007635 3.106
mo 0009 0354 1415 o{ [ oy
nom b 930
' 1 b9 0076 0010
0 0.5 1 15 2 b98 0076 0011
3 595 0077 0.011
b9 §07/6 0.010
el 5o Ooel 0010 08| Bos 00IS Bz 0.000 6650
Illustration of exaggerated concentration
error A in a calibration curve where
Type calibration correction can be used
v
to Improve accuracy. @ N = W e | it % o ] %]
Start End =i Nhlelorotorol Tvpe aver. Standar calc. rect pr] direct print | save
METRIE DR T O ELETROMNIN
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Type Calibration and measure program

2% Type- Calibration - X Wl Type Measuring .
type no. type descripti [LETECT 0 (D[R O measuring program  Program o type description tpe no. i GradeNo_ _ Grade-Description
550 || 1115295 | average- | Castiron Cro5% 52 Cast iton Cr>5% 52| 11X15295 650 | average | [ no grade found
Trpe$:;Lehf:ion¥3|ue “Mnol ¢ %|si %mMn %[ P %] 5 %m[ou %[ A mlor. %[Mo %] 2
nom 2520 0589 0491  OFETEEEETNS multipicativ GAUECY 1 2493 061 049 0050 0039 020 0196 2745 039
L 2276 084 049 0f Ee 2.4969 1 12235 67 038 2 2426 061 049 0.050 0037 020 0196 2747 039
SN 22207 M0LC 0L ST o7omie (B4 087 minel _2.459] _ 0.61] 0.49] 0.060 0.088| 020 0.196] 27.46] 0.39|
i Mn a.8879
2285 o055 045 o NN 5 o5 rge— x
s a.8e14
B B oanos 550 11X15295 52 5
Al -08.086819 element nominal% meas.value% kind of correction
ﬁ:' 9.8197 8.964182 Fe. 67.2030 64.7061 additiv
. - C 2.5200 2.2863 multiplikativ
ﬂl g:i:g 5i 0.5890 0.8317 multiplikatis
Hb *U-NWﬁ J | Mn 0.4910 0.4831 additiv
Co *0‘“7'05 P 0.0504 0.0418 additiv
W 0.0070 s 0.0413 0.0399 additiv
Cu 0.1970 0.2060 additiv
Al 0.1900 0.1913 additiv
Cr. 27.5300 28.5527 multiplikatis
Mo 0.3910 0.3713 additiv
Ni 0.3040 0.2795 additiv
j v 0.2010 0.1897 additiv
Hb 0.0360 0.0446 additiv
Co 1.5100 1.5848 additiv
W 0.1950 0.1880 additiv v
9 Sn 0.0470 0.0000 additiv
Ano[ N %[ v %[ T %[Nb %[co %[w %[Mg %[Fe. %[ = 0.0150 0.0000 aaaitiv D
nom  0.304 0201 0036 1510 0195 67.203 1 030 0202 000 004 152 020 0000 6582
1 028 0.193 0.00 0.06 1.60 020 0.000 6464 2 0.31  0.201 0.00 0.04 1.53 0.20  0.000 65.85
2 028 0187 000 004 157 0.8 0.000 64.77 minel  0.80| 0.201  0.00] 004 1.52] 020/ 0.000] 6584
mitel _ 0.28] _0.190]  0.00] 0.04] 168] 019 0.000[ 6471
v i i
back choose close

Sample identification
r N

@ 0| & = ® 20251013 TM
Start End =11 Type aver. i
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Measurement Quality Triangle

Argon
and
Sample
Quality
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Measurement
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Operator
knowledge
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Argon Purity

The purer the argon the more material is vapourised from hard to burn materials.
This results in a well defined condensate ring around the burn.

Hard to burn material chemical composition C > 3.5%, Si > 2.5%, Mn > 0.6%.
Bottled Ultra High Argon purity improves to > 99.9999% after flowing through oxiclear purifier.

Bottled ultra
pure argon
purity >
99.999%

Spectrosource Pty Ltd copyright 2025 11
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Sample Quality

Special mould for grey and nodular Cast Iron CAST-150

Mould with 45° casting angle in combined Steel/Copper construction

+ Mould form from steel, casting on copper block ensures undirectional chill cast solidification on the
analytical side of the sample only

+ Spectro sample and pins for analysis of C + S simultaneously from some sample cast

« Pin samples of about 0.4 g each to be broken off easily and ready for analysis

+ Most simple mounting for tight joining by putting mould form on copper block, no mechanism, no
moving parts, self locking

+ Copper block designed as flt surface block, enabling easy resufacing and thus giving extended life
time of mould

+ Standard size of sample: @ 34-36 x 5 mm.

Spectrosource Pty Ltd copyright 2025 12
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Sample Quality

Samplers
Cast iron can solidify white or grey. White samples are quickly chilled and obtained by built-in cooling plates. Grey
samples are exposed to a slow, normal cooling rate. The white chilled samples are further analysed by spectro anal-

ysis. The grey samples are for acoustic (block) and porosity analysis (cross).

WHITE SAMPLERS
SAF SAF-Disc Only

i§ =~ 06

A\ Spectrosource
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Reference material hierarchy

Certified Reference Materials (CRMs): Certified Reference Materials standards are
considered to provide the highest level of accuracy, uncertainty and traceability for
Spark OES. The certificate of analysis (COA) is derived from the results >5 NATA
accredited or equivalent laboratories.

Reference Materials (RMs): Reference Materials are produced or analysed by a
NATA accredited or equivalent Laboratory. The certificate of analysis (COA) must
reference the NATA accredited or equivalent laboratory results.

Set Up samples (SUS): Reference materials produced by accredited laboratories for
the purpose of calibrating Spark Optical Emission Spectrometers.

In-House materials: These are prepared by a laboratory itself for use in daily
operations when a suitable CRM or RM is unavailable. Their preparation,
homogeneity, and stability must be carefully documented according to standards.
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Manufacturing In-House material standards

CRM and RM standards often do not match the chemical composition requirements for the
many metal grades manufactured by Foundries.

When the chemical composition of a melt matches the chemical composition of a specific
grade then 5 chilled cast samples should be taken.

The 5 chilled cast samples must be analysed on the spark OES (minimum 3 x sparks per
sample). The chemical analysis results of each sample should closely match each other.

One of the chilled cast samples must be set to a NATA accredited laboratory for chemical
analysis. The returned sample together with its certificate of analysis must be held as the
master IN-House material standard.

Spectrosource Pty Ltd copyright 2025 15
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£ standard analyse measuring program

measuring program

program no  sample idenfification description

measurement no. |_glade no.

A\ Spectrosource
Chemical analysis results CRM standard vs

Furnace sample

AVEs4 022/ 0060/ 000 004 005 000 0000 66.75]

| Castiron C»5% | B2 | average no grade found
no| ¢ %|si %Mn %| P %| s %|lcu %A %lcr %Mo %] Alloy type: 279 Cr iron
02295 0.83 048 0041 0.041 021 0198 2862 0.37
¢ 2281 08 049 0041 0043 021 0204 2857 038 [Elgment| CRM CRM CRM | 27%Cr | 27% Cr | 27% Cr | 27% Cr [Pass/
23;%0 2470 0.71 048 0004 0035 0.10 0.000 2858 050 11X15295 | 11X15295 | 11X15295 | measured iron Grade | Grade | Fail
4 2419 070 0 48 0 004 0 032 010 0 000 28 64 0 49 Nominal | Measured | Nominal Corrected min Max
corector
C 2.520 2.288 0.232 2.419 2.651 2600 | 2900 | «
, Si 0.589 0.840 -0.251 0.700 0.449 0.600 | 0.700 | x
no| Ni %] v % i %|Nb %|Co %|w %|Mg %|Fe. %] Mn 0.491 0.490 0.001 0.480 0.481 0.600 | 0.900 | x
11”152950_28 0189 000 004 1568 018 0 000 64 63 P 0.050 0.041 0.009 0.004 0.013 0.000 0.080 v
9 028 0191 0.00 005 160 020 0000 6461 S 0.041 0.042 -0.001 0.032 0.031 0.000 | 0.080 | «
}7‘% eoo 0UODL 008 004, 008 1200 0O00L 99.75 “g:r) 20f35931o 205367000 -2-%2710 20:69400 207.551710 205205;)0 2Oésooooo f;
2 o o oo D Ni 0.504 O.-280 0.524 o.ézo o..244 0.600 2.600 v
Lo mmm Fe 68.083 67.049 67.015 | 68.049 | 69.950 | 64.840 | «

Measurements made on spectrometer nearing its annual service cycle which is evident in the results being less than desired .

Spectrosource Pty Ltd copyright 2025
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w#  Type - Calibration - x f - b
type no. type 0 measuri measuring progiam__ Program No. C 5i M P 5 I3 Al o M |  orade no
550 | 11X15295 | average- CastiionEnSZ 52 minl 2.42‘ u.;ss‘ u.;ml u.uz‘ u.uz‘ U.:fﬂl U.l‘ '27‘ U.;fﬂ
Type Correction Value ~ | max 262 0.589 0.591 0.07 0.06 0.297 0.3 28 0.491 4 11X15295
» Type No: 550 L [ wmi | v | Ti [ Nb [ o [ W | Mg | Fe | descoription
nom 2520 0689 0481 O (NSRRI mullipicativ AR min 0.2 0.1 0 0.01 1.4 0.1 ] 0 [CRM 27%
1 2276 0.84 0.49 0. Fe. 2_4069 57 038 max 04 03 01 0.06 16 03 0.1 1000000 w
2 2297 082 048 0. gi ;:;gsﬁz 54 0.37 no.| € %[Si %[Mn %[ P %[ S %[cu %[A %[cr. %[Mo % ~ | goeam
1 2744 061 049 0048 0043 018 0204 2729 038
86 0.88 0.48 Hn 9.0079 55 0.37
el 22es0silcs O [N I 2 e 0m oe om 00w 0w 0109 ores 039 2
. i 3 2581 058 049 0051 0038 020 0196 2755 039
M Colams [miel 2577 w0 03 oosi ouss| 020 0183 27s0| o) —
Cr. 0.964182 W
Mo 8.0197
Ni 08.8245
v 8.8113
Hb -8.8886 —
Co -8.8748
W 8.86878 @
measurement
good
v
No & v
nom 0304 0201 0036 1510 0196 67203 R A A LT T A [T R "
1 028 0.1838 0.00 0.05 1.60 0.20 0000 6464 1 0.30 0.205 0.00 0.04 1.50 021 0000 6575
2 028 0187 000 004 157 018 0000 6477 2 031 0201 000 004 152 020 0000 6559
il 0.28] 0190] 000 004] 158 019) 0000 6471 3 0.30 0203 000 004 150 0.21 0000 65.67
0.28 158 0.19( 0.000| 6471
| mtell 030 0202] 000 151 020 0000 6563
type cormection measuring value
52 | 550
5 v | samole
= = e
direct print | save [LStaith e aver standard
am
Ll 1

o Oy

125
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Type Calibration and Type grade check

programs applied to an alloy grade sample

5% Type- Calibration - X - X
type no. type description measuring program __ Program No. =
[ 550 11X15295 [ average- [ Castiron Cn>5% [ 52 ] 0 5 0 < 7 I 20 gl  grade no.
min 26 06 06 0 0 0 0 26 0.25 7% 01
No‘ C %| Si %‘Mn %| P Type Correction Value %Mo % ~|| max 29 0.7 0.9 0.08 0.08 0.4 0.4 28 0.5 v o
Type No: 550 = Wi | v [ T Mb | Co | W | Mg | Fe | desceription
nom 2.620 0.689 0.491 0.1 Element additive multipicativ 530 0.391 min 0 [1] L] L] 1] 1] 0 0 ’m
1 2276 0.84 Q.49 Q. Fe. 2.4969 .|| .B7 Q.38 max 2 0.3 0.1 0.1 0.4 0.4 0.1 1000000 ~
2 2207 082 o048 ol & e lea 07 P w5 wloe %[ A x[C %Mo ] ~| m
ﬁ---n Hi 9.08079 - 1 2.868 0.48 048 0014 0.034 0.09 0000 27.47 0.50
220 AL AL P L3 E Al 2 2792 049 048 0014 0031 009 0000 2750 050 0
H 0.0014 . . . . . . .
Al -6.6p19 [bad ]
cr. 0.964182
Ho 8.8197 1
Ni 0.8245
u 00113 no
b -8.0086 — giade
co -6.0748
u B.0678 @
measurement
do you want to save this values ? bad
Yes N v
No[Ni %[V %] Ti  %[Nb ws|CommepwamsMg % |Fean % ~
v
nom 0304 0.201 0.036 1510 0.195 67.203 o [N %[V %[ Ti %[N %[ca %W %[Mg %[fe. %] -
1 0.28 0.193 0.00 0.05 1.60 020 0000 6464 1 024  0.068 0.00 0.03 0.00 001 0000 6772
2 0.28 0187 0.00 0.04 1.57 0.18 0.000 6477 2 024  0.069 0.00 0.03 0.00 0.01 0000 6775
mite| 028 0190 000 004 158 019 0000 6471 mivell 024 0.068] _0.00] 003 000 0.01] 0.000 67.74]
type correction measuring valug
52 | 550
o sample
& o | 20251013
=3

save

direct print

v
@l f W print report =3 [ % =3 8]
istartll end M=i REPFETE grade| desc aver direct print || print | save
am A
.

O M| g @
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I\/Iaterial Data Base / Grade Table

;j grade table

-

%]

aHw:
e

= = el = a D

(!

index grade no. grade identification
| 12880 1.2880 1.2880 e grade no. element no.[symbal [~
| 1302 1.3202 512-1-4-5 1 Fe.
| 137 1.3247 H52-9-1-8 13505 I 1.3505 2 |
| 13316 1.3316 5912 grade identification j illn

13318 1.3318 §12-1-2
(| 13 13333 5332 double Cli0> 100 Cr 6 (W3) .
| 13z 13342 5C 6-5-2 ; =
[ 1333 13343 5 652 PP [N ] M etended mini[extended masimal [ do not check [
B os0s [[13505  HODCibw3) b2 0 1 o8 ! 155 Arprobe

13500 13520 100 CrMn & B 3 015 035 0135 0,285 FiEner
= - 4 0,25 0,45 0,225 0,495 rever

13533 1.3533 17 NiCiMo 14 0 7 i 03 i 033 e

14001 | | 1.4001 1.40m a N 1.35 165 13 1,805 never

| 12 I} 0.3 I} 0,33 never n

 software compares analysis results with
element concentration ranges and
reports grade maches

« virtually unlimited material data entries

* international material standards as well
as customised data base can be loaded

» Specific material data base can be
linked to a measuring program

Spectrosource Pty Ltd copyright 2025 20
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Summary of The analytical Process

SRFAGE GRINDER
ST

Sample taking Sample preparation Chemical analysis
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Thank you.
For more information or feedback contact Glen Thiele

mobile: 0420323577
email: info@spectrosource.com.au
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