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Quantitative Analysis of Silicate Rocks by Laser Microprobe Analyzer
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A quantitative elemental analysis of silicate rocks was carried out with a laser microprobe

analyzer. A Q-switched Nd:YAG laser(90mJ, 10ns) was focused on rock samples in an argon

atmosphere at reduced pressure, and the emission spectra from laser-induced plasma were

measured using time-resolved spectroscopy. The experimental results showed that the maximum

spectral line intensity was obtained in argon at approximately 200Torr, whereas the spectral

line-to-background ratio was maximized at around 60Torr, by observing the laser plasma with a

time delay of 0.4ps. Furthermore, the results of time-resolved spectroscopy of the plasma

produced in argon at 200Torr and 60Torr indicated that time-resolved measurement of a

spectrum in the initial stage of plasma generation (~1us) at a pressure of 60Torr was effective

for improving the slope of the calibration curve. Based on the results, standard rock samples

were analyzed for aluminum, magnesium and calcium, and linear calibration curves with a slope

of unity were obtained by measuring spectra with a gate width of 0.6ps at a delay time of 0.4us

after the laser pulse in argon at 60Torr.
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Fig.1

Schematic diagram of the laser microprobe analyzer (LMA) system.
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Fig.2 Temporal profiles of a spectral emission and gating
pulses for time-resolved spectroscopy.
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Table1 Composition of standard rock samples [%].

Sample Al Mg Ca Fe Ti Other
SARM39 | 1.14 | 15.82] 6.93 | 3.25 | 0.947 |71.913
SARM40 | 0.11 1.19 |35.57 | 0.962 | 0.03 |62.138
SARM45 | 6.938| 2.04] 0.56 | 4406 1.09 |84.966
SARM47 | 0.288 | 25.38 | 0.07 | 1.45 | 0.006 [72.806
SARM48 | 2974 0.11) 6.39 | 020 | 0.06 (90.266
SARMS50 | 4.0431 4.57| 7.719{3.85 | 0.52 [79.298
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Fig.3 Temporal profiles of the emission from laser-induced
plasma at 309.27nm [Al I line plus background] and
at 312.3nm [background only].
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Fig.5 Calibration curves for the analysis of
aluminum (Al [ 309.27nm) in rock samples in
argon at a pressure of (a)200Torr, (b)60Torr.
The delay time(Tq) is 0.4us and the gate
width (Tg) is 50ps.
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Fig.6. Calibration curves for the analysis of aluminum in
rock sampies obtained with a delay time(Ts) of
0.4us and gate width (Tg) of 0.4 to 1.0us with a step
of 0.2ps, in argon at (a) 200Torr and (b) 60Torr.

(4)

B, #H WK BR #®R

(@ X7 =t HATEF3H3200Torr, (b) 1L60Torr D45
BTHLD, WTHhOEE S A7 Mo B EWRIR
OB LY RERIIB L TV 5.

Z ZC, BRI IRBIEIE A RO T AR Y MU
ZREL, S E1T - 7=, Fig6ld, BERFMTS0.4us—
Ee L, F— MET,Z04~1.0usE TELSETHLN
TBERT, @7 AT H RAOEH200Torr, (b) i
60TorrD & X DFERTH B, (a)200TorrDIFE, WT 4L
DOBREHRLIEH L TWADIZR LT, (b)60TorrdHA,
T=0.6usD & & DREFITEMR L 2D, AT bR
BREE & SnR IR ORI L FIBIFR RN L T 5.

DR TCTR D~ 73 27 I (S HTfMg 1 518.36nm),
BV I (G3BTiCa 1 431.86nm) (IC DWW T H o 21T -
ToAER, Fig 7R T L5142, 7= A0S &R,
T A I AEFID60Torr, Te04ps, T=0.6ps& Lic& &
IR BB & 72 o7

(x10%
0

Spectral line intensity [a.u.]
[6)]

0 . . .

0 10 20 30

Magnesium concentration [%]
(a) Magnesium
10°

4 (x10%)
5
5,
2
B
c
b
£
o)
=
©
D
(]
Q.
w A L - "

0 20 40

Calcium concentration [%]
(b) Calcium

Fig.7 Calibration curves for the analysis of (a)Mg
and (b)Ca in rock samples in argon at a
pressure of 60Torr. Tq=0.4us, T¢=0.6ps.
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Fig.8 Temporal profiles of the emission from laser-induced
plasma at 309.27nm [A! I line plus background] and at
312.3nm [background only].
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Fig9 Temporal profiles of the spectra line intensities
[AI'T 309.27nm line only].
(a) Ceramic sample [GBWO03117 (Al content
1.36%) 1, Ar at 200Torr.
(b) Rock sample [SARM39 (Al content 1.14%) 1,
Ar at 60Torr.
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