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Abstract

In the production of niobium superconducting cavities, electro-polishing is used as a surface treatment to improve
performance. In order to improve the quality of electro-polishing for mass production of cavities, it is necessary to easily
analyze and check the amount of niobium dissolved in the electrolyte. Laser-induced breakdown spectroscopy (LIBS) is
a method for elemental analysis of a sample using emission spectroscopy of plasma generated by laser ablation, and is
attracting attention as a method that can easily analyze multiple elements in a variety of environments. This time, we
attempted to quantitatively analyze the amount of niobium in the niobium electrolyte after electro-polishing using the
surface-enhanced LIBS method, which allows analysis of trace amounts of solution. To improve the sensitivity and
accuracy of analysis, porous silicon was used as the substrate. As a result, a linear calibration curve was obtained in the
range of dissolved niobium from 1 to 7.5 g/L, indicating that quantitative analysis is possible.
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Figure 1: An overview schematic of LIBS.
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Figure 2: A procedure of surface-enhanced LIBS. HEES [300°C]
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Figure 4: Fabrication procedure of substrates for surface-
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enhanced LIBS analysis of niobium electrolyte.
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Figure 3: Fabrication procedure for porous silicon substrate. ~ Table 1: Electrolyte Composition and Amount of
Dissolved Niobium
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Figure 5: A schematic of LIBS system.

TRff & 5.0 g/L O =77 BT EER DO 2% i H 7R LIBS
I TEONIZR AT EK 6 1T T, HE
385 nm~420 nm OFPH THEEOE — I EBlllsz,
ZD55 ., E 405 nm~417 nm O&FHICH L —IR=
FTHFOLDTHD, D1, 391 nm OB —271% Si H
FKDHLDOTHMRDO Iy Z L TWDHEDEE 2 HID,
393,397 nm D —27% Ca HEDE —/THY, v (/1
UANR—THIE Si #x S EMol= XA EFE LIRS
THHEEZEZOLNDD I RATHD, =47 D —o
DH>H 406 nm OE—ZIZFHL, ZOE—VDIgEZ=
A TR BRI Oy N T T 7 E R TR T, =4
R B LY — 75 O I EARPY 7 F8 BB AR 3 b d
R2=0.927 DEMRALRERDPELNT, i, Z4L
B Si Ko a W= R IR LIBS o #ric C=A4 7 B
WHEERNO =4 T IR EDOE BN N ETHHIE
ZrRIER LTV,

30 T . T . T T
2 | Si Ca NbEE :5g/L ||
I

(2}

S 20 |

8

QO 15 +

Z Nb

w10 |

@ (—l—\
5 L
0

385 3é0 3é5 460 465 41‘0 41I5 420
K/ nm
Figure 6: Spectrum obtained by surface-enhanced LIBS

analysis of niobium electro-polishing solution with a
dissolution amount of 5.0 g/L.
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Figure 7: Calibration curve of Niobium concentration.
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