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Resumo

Escalfoni Jr., Rainério; Miekeley, Norbert; Fonsetaresa Cristina O. da.
Determinacdo de elementos menores e traco em rochas LA-ICPMS:
progressos na utilizacdo de vidros boratos como as. Rio de Janeiro,
2009. 101p. Dissertacdo de Mestrado - Departanten@uimica, Pontificia
Universidade Catodlica do Rio de Janeiro.

A presente dissertacdo € uma continuacdo de pasgdésenvolvidas por
Leite (2006) visando a analise multielementar dehas (basaltos, obsidianas e
folhelhos) por espectrometria de massa com plasmdativamente acoplado
(ICPMS), em combinacdo com ablacdo a laser (LAjilzando-se vidro borato
como alvo de anélise. Como no trabalho anterior,erperimentos foram
realizados com um sistema LSX-100 (CETAC) acopladaespectrometro Elan
6000 ICPMS (PerkinElmer-Sciex). Como gases carmesdoa camara de ablagao
foram testados gases puros (Ar, He) e misturaH@&rAr-N,). Também foram
avaliados parametros operacionais do laser, tarmocroenergia de saida,
focalizacdo, velocidade de varredura e frequéneidisparo. As novas condi¢des
analiticas foram testadas com os padrdes prepapadd®ite (2006), calculando-
se os limites de deteccédo, a exatiddo e precisédinties de deteccédo para 40
elementos (Na, Al, Si, P, K, Ca, Sc, V, Cr, Mn, €e, Ni, Zn, Ga, Rb, Sr, Y, Zr,
Nb, Sb, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, HQ,Tm, Yb, Lu, Hf, Ta, Th,
U) ficaram compreendidos entre 0,004 mg k§b) e 850 mg kg (Si). Exatiddes
foram estimadas a partir de analises de matemaisfdréncia certificados (USGS
BIR-1, BHVO-2, SCo-1), obtendo-se erros < 10% @eaV, Co, Ni, Zn, Rb, Y,
Ba, La, Pr, Nd, Th, Lu e Th e entre 10-20% Na,3\,P, K, Ca, Mn, Fe, Ga, Sr,
Y, Zr, Nb, Ce, Sm, Eu, Gd, Dy, Er, Yb, Lu, Hf e Brecisdes, calculadas a partir
dos desvios-padréo residuais das curvas de cdiréicaram em média em 6%,
sendo de no maximo 10% para 30 elementos (Na,iAP, &4, Sc, V, Cr, Mn, Fe,
Co, Zn, Ga, Sr, Y, Zr, Sb, La, Ce, Pr, Eu, Gd, D}, Er, Tm, Yb, Lu, Hf e Ta).
Foram preparados novos padrdoes de calibracdo a gartdois materiais de
referéncia certificados, o basalto USGS BCR-2 ®lbetho USGS SGR-1. Os
novos padrdes foram validados utilizando os padpdgsarados por Leite (2006)

e através de anélises independentes. Os coefisidatdeterminacéo {Rpara 24
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elementos (Na, Mg, Al, K, Sc, V, Cr, Mn, Fe, Co, &b, Sr, Y, Nb, Ce, Nd, Eu,
Ho, Yb, Lu, Ta, Pb, U) foram maiores que 0,98 e outros 16 elementos, no
minimo, maiores que 0,95 (Si, P, Ca, Zn, Zr, Ba,RaSm, Gd, Th, Dy, Er, Tm,
Hf, Th). As metodologias foram utilizadas na caedzbcdo multielementar de
amostras de folhelhos, de grande interesse geoldgicarea de petrdleo, e os

resultados preliminares sédo apresentados e dissutid

Palavras-chave
Ablacéo a laser; ICPMS; elementos traco; analiseodbas; vidro borato;

hélio como gas carreador.
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Abstract

Escalfoni Jr., Rainério; Miekeley, Norbert (advisoFonseca, Teresa
Cristina O. da (co-advisorpetermination of minor and trace elements in

rock samples by LA-ICPMS: Progress in the utilizaton of borate

glasses as targetsRio de Janeiro, 2009. 101p. Msc. Dissertation
Departamento de Quimica, Pontificia Universidadeél&a do Rio de
Janeiro.

The present master dissertation is a continuatibra aesearch study
developed by Leite (2006) aiming at the multieletakanalysis of rock samples
(basalts, obsidians and shale) by inductively cedigdlasma mass spectrometry
(ICPMS), in combination with laser ablation (LA) darusing borate glass as
analytical targets. As in the former work, the expents were performed with a
LSX-100 (CETAC) system coupled to an Elan 6000 IGP{RerkinElmer-Sciex).
Pure gases (Ar, He) and mixtures (Ar-He, Ad-Mere tested as carrier gas for
transporting the aerosol from the ablation celihg plasma. Different operational
parameters of the laser, such as energy, focusnsaspeed and laser frequency
were also studied. The new and optimized analytioaditions were tested with
the calibration standards prepared by Leite (20@6J, limits of detection (LOD),
accuracies and precisions (RSD) were estimated4Ga@iements (Na, Al, Si, P,
K, Ca, Sc, V, Cr, Mn, Fe, Co, Ni, Zn, Ga, Rb, Sr,2¢, Nb, Sb, Ba, La, Ce, Pr,
Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, Yb, Lu, Hf, TEh, U), the LODs were in
the range of 0,004 mg RgTb) and 850 mg K (Si). Accuracies, estimated from
the analysis of certified reference materials (USBR-1, BHVO-2, SCo-1),
were better 10% for Sc, V, Co, Ni, Zn, Rb, Y, Ba, Pr, Nd, Tb, Lu, and Th, and
between 10 to 20% for Na, Al, Si, P, K, Ca, Mn, Ba, Sr, Y, Zr, Nb, Ce, Sm,
Eu, Gd, Dy, Er, Yb, Lu, Hf, and U. Analytical premns, calculated from the
residual standard deviations of calibration cunwese typically 6%, and at most
10% for 30 elements (Na, Al, Si, P, Ca, Sc, V,@n, Fe, Co, Zn, Ga, Sr, Y, Zr,
Sb, La, Ce, Pr, Eu, Gd, Tb, Dy, Er, Tm, Yb, Lu, H&). New targets were
prepared from two certified reference materialsS@5 BCR-2 (basalt) and
USGS SGR-1 (shale). These new calibration standarte validated against
those prepared by Leite (2006) and also by an ieniggnt technique. Coefficients
of determination (B for 24 elements (Na, Mg, Al, K, Sc, V, Cr, Mn,,Ro, Ga,
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Rb, Sr, Y, Nb, Ce, Nd, Eu, Ho, Yb, Lu, Ta, Pb, Ugres better than 0.98, and for
further 16 elements better than 0.95 (Si, P, Ca,ZZnBa, La, Pr, Sm, Gd, Tb,
Dy, Er, Tm, Hf, Th). The method was then used fbe tmultielement

characterization of marine shale samples, whiclolggeat geological interest in

petroleum research, and preliminary results arsgmted and discussed.

Keywords
Laser ablation; ICPMS; trace elements; rock angjyisorate glass; helium

as carrier gas.
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(basalto BCR-2 e folhelho SGR-1) e valores certificados,

em mg kg™, para 37 elementos (Al, Ba, Ca, Ce, Co, Cr, Dy,
Er, Eu, Fe, Ga, Gd, Hf, Ho, K, La, Lu, Mg, Mn, Nb, Nd, P, Pr,
Rb, Sc, Sm, Sr, Ta, Tb, Th, Tm, U, V, Y, Yb, Zn, Zr).

Figura 5.24. Comparacao entre resultados obtidos, ambos em

mg kg™, por SN ICPMS no modo TotalQuant® e LA-ICPMS para
as trés amostras de estudo para 31 elementos (Al, Ba, Ca, Ce, Co,
Cr, Dy, Er, Eu, Fe, Ga, Gd, Ho, K, Lu, Mg, Mn, Na, Nb, Nd, Pr, Rb,
Sm, Sr, Tb, Th, Tm, U, Y, Yb, Zr).
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Figura 5.25. Comparacéo entre resultados obtidos, em mg kg™,

por LA-ICPMS e valores certificados, em mg kg™ da amostra

basalto BIR-1 (a) para 31 elementos (Al, Ba, Ce, Co, Er, Eu, Fe,

Ga, Gd, Hf, Ho, La, Lu, Mn, Na, Nb, Nd, Pr, Si, Sm, Sr, Ta, Tb,

Th, Tm, U, V, Y, Yb, Zn, Zr) e para folhelho SCo-1 (b) para 31

elementos (Ba, Ce, Co, Cs, Dy, Er, Eu, Fe, Ga, Gd, Hf, Ho, La, Lu,

Mg, Mn, Na, Nb, Nd, Pr, Sb, Sm, Sr, Ta, Tb, Th, U, V, Y, Yb, Zr). 93

Figura 5.26. Comparacéo entre resultados obtidos, ambos em mg kg™,
por LA-ICPMS (modo quantitativo e TotalQuant®) e SN ICPMS
(TotalQuant®) para 40 elementos (Al, Ba, Ca, Ce, Co, Cr, Dy, Er, Eu,

Fe, Ga, Gd, Hf, Ho, K, La, Lu, Mg, Mn, Na, Nb, Nd, P, Pb, Pr, Rb, Sc,

Si, Sm, Sr, Ta, Th, Th, Tm, U, V, Y, Yb, Zn, Zr). 95
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