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Application of Laser Ablation ICP-AES to Steel Analysis

Takanori Axivosnl, Akiko Sakasurra, Toshiya Maexawa, Yohichi Isueasui, Satoshi Kivosuro and Tadashi Mocuizuki

Synopsis :

A new system of the laser ablation-ICP (Inductively Coupled Plasma) AES (Atomic Emission Spectrometry ) was

developed for rapid analysis of steels. A lamp pumped Nd;YAG laser or a laser diode pumped solid-state laser is used
for ablating samples with the Q-switched mode of high pulse repetition rate. The optical system for the laser radiation
is adjusted to satisfy a criterion of laser energy density. The optics is also adjusted to scan the laser beam in the whole
area of a square repeatedly. The composition of particles generated by the system is almost the same as that of the
solid matrix, and their sizes are<<0.lgm and near uniform. These features of particles bring high sensitivity and

precision to this system.

The developed laser-ICP system shows some analytical merits superior to the spark source AES. The analytical

performances of this system are excellent precision in the trace level concentration, good linearity of analytical curve,
little or no sample preparation, the ability of the analysis of hot samples (~1000°C), accurate control of analytical point.
On carbon determination in steel, the influence of metallurgical history which causes the serious error in the spark

source AES, is not appeared in the developed system.

The developed laser-ICP system has been applied to two analytical systems in steelmaking works. One is a full
automatic analyzing system of steel product samples and the other is a rapid analyzer of defects in steel sheets. Both

of the systems are working smoothly.
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Fig. 1. Schematic diagram of the laser-ICP AES
system.

Table 1. Analytical conditions.

Lamp pumped laser LD pumped laser
laser rod Nd:YAG Nd:YVO,
wavelength 1.064 ' m 1.064 xm
pumping source Krypton arc lamp Laser diode
pumping optics side pumping end pumping
beam mode multi mode single mode
Q-switch Acousto-optical Acousto-optical
frequency 1 kHz 50 kHz
pulse duration 110 nsec 20 nsec
pulse energy 10 mJ 0.1 mJ
scan system 2 galvano mirrors 2 galvano mirrors
beam expander X3 X5
focal length 100 mm 100 mm
focusing spot
diameteg 230 pm 30 pm
carrier gas 1.0 L/min 0.5 L/min
carrier tube length 3m 2m
inner dia. of tube 4 mm ¢ 4 mm ¢
power of ICP 1.2kW
frequency 27 MH:z
plasma gas 18 L/min
auxiliary gas 1.5 L/min
integration time 10 sec

C;193nm, Si;252nm, Mn;293nm, P;178nm
S;181nm, Al;396nm, Ni;232nm, Cr;268nm
Mo;202nm Cu;325nm Ti; 335nm V;311nm
Nb;319nm, Zr; 339nm, Fe;287nm, Ar;433nm

analytical element
and wavelength

set the sample
(seal the cell bottom with the sample)

!

check the sealing
(monitor ICP intensity of Ar)

!
[radiate the laser beam with scanning optics |

[}
['send particles to ICP |

[ measure ICP intensities of elements |

) 1
| stop the laser radiatioﬂ rcalculate contentsl
!
clean the path

(blow Ar)

Fig. 2. Flow diagram of the analytical procedure.
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Fig. 3. SEM image of a crater eroded by a Q-swit-
ched laser with the scanning system.
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Fig. 4. SEM image of fine particles generated by a
LD pumped Q-switched laser.
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Table 2. Pliggision(repeatability) of the laser-ICP
AES.

trace level content middle-high level content
Element | content [precision( s )%| ¢ /" o spark®| content |precision( ¢ )%| ¢ / o spark*
P (repeatability) % (repeatability)
C 0.005 0.00119 2.35 1.03 0.0078 1.93
Si <01 0.00012 Hok 0.43 0.0027 0.74
Mn <.01 0.00009 0.64 1.22 0.0076 1.20
P <.001 0.00006 0.67] 0.027 0.00047 1.08
S 0.002 0.00006 0.55 0.028 0.00092 1.16
Al <.002 0.00015 0.24 0.074 0.00041 0.66
Cu <.01 0.00013 0.52 0.21 0.00124 0.70
N i <.01 0.00005 0.14] 0.24 0.0011 0.62
Cr <.01 0.00017 0.39 1.29 0.0041 0.71
Mo <.01 0.00004 0.25 0.53 0.0037 1.10]
Co <.001 0.00008 0.28 0.059 0.00036 0.83
\ <.001 0.00004 0.43 0.062 0.00032 0.92
Ti <.001 0.00001 1.00] 0.046 0.00028 0.64
B <.001 0.00002 0.64f 0.0035 0.00003 0.64
Nb <.001 0.00004 0.15 0.050 0.00043 1.04
Zr <.001 0.00002 0.20) 0.013 0.00055 1.69

*; g spark is estimated by JIS')repeatability
**; g spark is estimated below 0
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Fig. 6. Influence of metallurgical history of sample
on the determination of carbon in steel by
atomic emission spectrometry.
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Fig. 7. Examples of analytical curves in the laser-
ICP AES and a spark source AES.
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Fig. 9. Line profiles of intensity ratios across
defects in steel sheets.
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