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Spark-induced Breakdown Spectroscopy System of Bulk Minerals
Aimed at Planetary Analysis
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ABSTRACT

Spark-induced breakdown spectroscopy (SIBS) utilizes an electric spark to induce a strong
plasma for collecting atomic emissions. This study analyses the potential for usinga compact
SIBS instead of conventional laser-induced breakdown spectroscopy (LIBS) in discriminating
rocks and soils for planetary missions. Targeting bulky solids using SIBS has not been
successful in the past, and therefore a series of optimizations of electrode positioning and
electrode materials were performed in this work. The limit of detection (LOD) was enhanced up
to four times compared to when LIBS was used, showing a change from 78 to 20 ppm from
LIBS to SIBS. Because of the higher energy of plasma generated, the signal intensity by SIBS
was higher than LIBS in three orders of magnitude with the same spectrometer setup. Changing
the electrode material and locating the optimum position of the electrodes were considered for
optimizing the current SIBS setup being tested for samples of planetary origin.
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Table 1. Chemical information and representative peaks of mineral samples

Samples Molecular information Atomic information
Araconite caco Ca (39337, 396.85, 422.67, 64626 nm), C (283.67, 283.76 nm),
g 3 O (777.298 nm)
. Cu (21922, 324754, 327.396 nm), C (283,67, 28376 m),
Azurite Cus(COs)2(OH). O (777.298 nm), H (656.3 nm)
Barite 850 Ba (455403, 553548 nm), S (5538, 54328, 757.89, 76297, 831.46 nm),
4 O (777.298 nm)
Copper Cu Cu (219.22, 324.754, 327.396 nm)
. Ca (39337, 396.85, 422.67, 64626 nm), Mg (285213, 279.55 nm),
Dolomite CaMg(COs). C (28367, 28376 nm), O (777.298 nm)
. Be (234.86, 313.04, 313.10 nm), Al (28161, 396.15, 466.30 nm),
Emerald BeaAl2SieOre Si (221.00, 22167, 251,61, 288.159 nm), O (777.298 nm)
Fusion Silicone Si(SiOy) Si (221.09, 22167, 25161, 288.159 nm), O (777.298 nm)
Graphite C C (283.67, 283.76 nm)
Ca (39337, 396.85, 422.67, 64626 nm), S (54538, 54328, 757.89,
Gypsum Crystal Ca504.2H,0 762,97, 831.46 nm). O (777.298 nm), H (6563 nm)
Halite NaCl Na (309.27, 328,56, 588.99, 589.59 nm), Cl (479.45, 489.67, 542.32 nm)
Ca (39337, 396.85, 422.67, 64626 nm), Na (309.27, 328.56, 588.99),
Hornblende (Ca, Na),-3(Mg, FeAl)s(Al, Sile | 589.59 nm), Mg (285.213, 279.55 nm), Fe (238.2, 239.56, 248.32 nm),
Al (281561, 396.15, 466.30 nm), Si (221.09, 22167, 251,61, 288.159 nm)
N . Mg (285213, 279.55 nm), Fe (2382, 239.56, 248.32 nm),
Oltvine (Mg, Fe)SiOx Si (221.00, 22167, 251,61, 288.159 nm), O (777.298 nm)
. Fe (2382, 230.56, 24832 nm), S (54538, 543.28, 757.89, 762.97,
Pyrite FeS,
831.46 nm)
Sulfur S S (545.38, 543.28, 757.89, 762.97, 831.46 nm)
. Mg (285213, 279.55 nm), Si (221.09, 221.67, 25161, 288.159 nm),
Talo MsSiO10(OH)2 O (777298 nm), H (656.3 nm)
N Pb (220.35, 280.19, 405.78 nm), V (290.88, 292.40, 309.31, 310.22,
Vanadinite Pbs(VO)sCl 311.07 nm), O (777.298 nm), Cl (479.45, 489.67, 542.32 nm)
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Table 2. Comparison of samples and setup in the SIBS

analysis

Reference

Target sample / Size

Experimental setup

Kammermann et al. [7]

Methane/air mixtures (aerosol)

Spark plug (Type 1)

Hunter et al. [4]

Airborne particulates and solid samples / Powder

Spark plug (Type I).

Strungaram et al. [8] Soil / Powder SIBS (Type 1)
Yao et al. [20] Particles with different carbon contents / Powder SIBS (Type II)
Taefi et al. [21] Cement / Powder SIBS (Type II)
Liu et al. [23] Metals / Small-sized scrap SA-SIBS (Type IlI)
Present setup 16 pure rock minerals / Bulk material — practical size SIBS (Type V)
s LIBS A&-& Q-switched Nd : YAG #@oA T
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ty : Starting time for charging  t, — t; : Gate delay time
tl : Ending time for charging

t, :Opening time of ICCD gate

ICCD gate opening signal 7

Capacitor charging-discharging signal

to Time tl t2

Fig. 2. Time flow chart of the electrical signal
for the compact-sized MCU algorithm
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Table 3. Comparison of SIBS and LBIS for Ca nm. &8 =
line intensity
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