GEOME 2
Manuscript received: March 25, 1999
Accepted: November 29, 1999

XIII_0977

Geologica Macedonica, Vol. 13, p. 91-96 (1999)
ISSN 0352 - 1206
UDC: 553 : 56.07 (497.7)

Original scientific paper

DETERMINATION OF Zn, Mn AND Fe IN SOME MINERALS
BY ATOMIC ABSORPTION SPECTROMETRY

Dragica Zendelovska', Trajée Stafilov', BlaZo Boev’

‘Faculry of Sciences, Institute of Chemistry, Skopje, Republic of Macedonia
*Faculty of Mining and Geology. Stip, Republic of Macedonia

Abstract: A rapid and simple method for the determination of iron, manganese and zinc in some sulfide
(galena and sphalerite), carbonate (siderite, aragonite) and sulfate (gypsum) minerals is based on atomic absorption
spectrometry. The samples were dissolved in mixture of HNO; and HCl. The effects of interfering elements (Pb, Zn,
Ca and Fe) on the determination of Fe, Mn and Zn in the investigated minerals were studied. These investigations
show that it is possible to determine iron, manganese and zinc directly from solutions obtained by dissolution of min-
erals in mineral acids (HC1 and HNO), except in the case of determination of manganese in calcium matrices. It was
found that the presence of calcium tends to decrease the absorbance of manganese. Procedures were verified by the
method of standard additions and results were compared with those obtained by inductively coupled plasma-atomic
emission spectrometry (ICP-AES). It was also found that the detection limit for all investigated elements in minerals
is 2 ug'g™! for Znand 5 ugg™ for Mn and Fe. Investigated minerals originate from different mines from the Republic

of Macedonia.
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INTRODUCTION

The principal advantage of flameless atomic
absorption spectrometry, i.e. the detection limuts,
which are extremely low in comparison with other
methods and are attainable for a great number of
elements, makes this technique particularly suit-
able for determination of elements present in geo-
chemical materials in concentration of the order of
ppb. Iron, manganese and zinc are of great interest
in geochemistry for better understanding and in-
terpretation of various geological processes. There
are a number of investigations concerning the de-
termination of clements investigated in similar
geological samples by flame atomic absorption
spectrometry (FAAS) and electrothermal atomic
absorption spectrometry (ETAAS). Some authors
have investigated the possibility of the determina-

tion of these elements directly from the sample
solution, by flame AAS (Rubeska and Miksovsky,
1974; Srivastava, 1977; Bichova and Kherebenko,
1978; Hannaker and Hou, 1984; Alvin and Gard-
ner, 1986; Zorkin and Zubova, 1990; Lazaru and
Stafilov, 1993), or by ETAAS (Lazaru and Sta-
filov, 1993). The influence of interfering elements
was of particular interest: in the flame AAS deter-
mination (Hannaker and Hughes, 1977; Robinson,
1980; Marabini et al., 1982), or in the ETAAS de-
termination (Tominaga and Umezaki, 1983).

In this work we propose a method for directly
determination of Zn, Mn and Fe with atomic ab-
sorption spectrometry from the solution obtained
by dissolution of investigated minerals in mineral
acids.
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EXPERIMENTAL

Instrumentation

Perkin-Elmer 303 atomic absorption spectro-
photometer was used. Light sources were iron, man-
gancse and zinc hollow cathode lamps. The in-
strumental parameters for the determination of Fe.
Mn and Zn are given in Table 1.

Table |

Instrumental parameters for determination
of Zn, Mn and Fe by flame AAS

Parameiers Zn Mn e
Wavelength, nm 2139 279.5 2483
Slit, nm 1 02 0.2
Lamp current, mA 15 10 20

Gas mixture Acetylene/air

Procedires

Sphalerite. 0.1 10 0.5 ¢ of powdered sample of
sphalerite was dissolved in 15 ml of 2 mol/l HNO;.
The solution was evaporated 1o dryness and the resi-
duc was dissolved in 5 ml of 2 mol/l HNO3. The so-
lution was transferred to a volumetnc tlask of 50 ml.

Galena. 0.1 10 0.5 g of powdered sample of
galena was dissolved in 10 ml conc. HNO; and 2
ml of H,O-. The solution wus evaporated to dry-
ness, the residue was dissolved in 2 ml HNO; and
10 ml of 2 mol/t HNOs and the solution was trans-
ferred into a volumetric tlask of 50 ml.

Siderite, aragonite, gypsum. 0.1 to 0.5 g of
powdered mineral sample was dissolved in 5 ml of
conc. HCl and 1 ml of conc. HNO;. A few drops of
H,O, were added and the solution evaporated to
near dryness. The residue was dissolved in 2 ml of
concentrated HCI and the solution was transferred
into a volumetric flask of 50 ml.

RESULTS AND DISCUSSION

Because it is sensitive and specific, atomic
absorption spectrometry (AAS) is widely used in
geochemical analysis. For sample dissolution usu-
ally an acid digestion is used. However, acid
digestion produces solutions that contain difterent
ions of elements dissolved from the sample matnx,
which may interfere with the determination of
iron, manganese and zinc. The interference ot Pb,
Zn, Ca and Fe as matrix elements was studied. Se-
ries of solutions with the same concentration of Fe,
Mn and Zn and various concentrations of interfer-
ing elements were prepared, so that the concentra-
tions of these elements were similar to the concentra-
tions in the sample solutions. Results from these in-
vestigations are given on Figs. 1—. As it can be seen,
Fe, Mn and Zn can be determine in galena (Fig. 1), Fe
in Ca-minerals (Fig. 2), Fe and Mn in sphalente (Fig.
3) and Zn in siderte (Fig. 4) when 0.5 g of mass is
used. Zn in Ca-minerals (Fig. 2) and in siderite (Fig.
4) can be directly determined when 0.25 g 1s used.

Using proposed methods, some samples of
the investigated minerals (with and without stan-
dard additions) were dissolved and Fe, Mn and Zn
were determinated. Results are given on Tables 2-
4 and show satisfactory recovery values. These
results arc compared with those obtained by 1CP-
AES and similar results were obtained.
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Fig. 1. Intluence of Pb as matrix element
on Fe (), Mn (®) and Zn (®) absorbance
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Fig. 2. Intluence of Ca as matrix clement
on FFe (W), Zn (e) and Mn (®) absorbance
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Table 2
The content of iron in galena, sphalerite, aragonite and gypsum
Sample/Mineral my(added) we. (calc.) we, (found) R ICP-AES
1g ug/g ngl/g % nglg
Galena - Zletovo
1 - e 7715 e . 30:60'
2 10.0 176.85 179.5 101.5
3 25.0 326.4 329.01 100.8
o Ga];nd — Sasa
1 - - 290.5 - 278.4
2 25.0 540.5 530.5 93.1
3 50.0 790.0 794.71 100.6
Sphal-e;l;: Zletovo
1 - TTT T 46800 - -
2 2000.0 6678.0 6743.0 100.9
3 4000.0 8672.0 8762.0 101.03
Sp;;];;i't::Toranica
1 - - 4484 .0 - -
2 2000.0 6482.0 6753.0 104.1
3 4000.0 8476.0 8403.0 99.1
Aragonite
1 - - 305.0 - -
2 10.0 404.6 406.4 100.4
3 25.0 553.8 5323 96.1
Gypsum - Deléevo
1 - - 266.0 - 309.6
2 25.0 516.0 515.0 99.8
3 50.0 765.5 754.2 98.5
Gypsum - Probistip
1 - - 89.9 - 87.25
2 10.0 189.7 190.6 100.4
3 25.0 3382 323.7 95.7
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Table 3

The content of zinc in galena, siderite, aragonite and gypsum

Sample/Mineral mz, (add.) wy, (cale.) wy, (found) R ICP-AES
ug Hg/lg ug/g % uglg
Galena - Sasa

1 ‘<2.0 | - ~ )
2 10.0 100 110.0 110.0

3 25.0 250 250.0 100.0

e e Gulcau e et e

. ) o ..1.0.;).0 ) o
2 250 358.0 355.0 99.2

3 50.0 608.0 592.0 974

2 50.0 1800 1890.0 105.0

3 100.0 2280 2350.0 103.1

e e /\“gomte i e -

2 10.0 100 100.0 1060.0

3 25.0 250 260.0 104.0
o e G;p.sum. _ D.e.,lécvo e =

....... l - — : o . , _, ; s

2 10.0 0.10 100.0 100.0

3 250 0.25 250.0 100.0

2 10.0 100.0 100.0 100.0

3 25.0 250.0 250.0 100.0

The content of Fc in investigated minerals
ranges from 10 (o 500 pg/g; of Zn is below limit of
detection in Ca-minerals, from 1 to 100 pg/g in
galena; of Mn ranges from 1 to 50 pg/g in galena
and gypsum and from 1 to 250 mg/g in sphalerite

and siderite. The detection limit of the method was
found to be 2 pwgg™ for Zn and 5 ugg™ for Mn and
Fe. The obtained values for the content of some of
the investigated elements in galena and sphalerite are
in agreement with those of Serafimovski et al. (1997).
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Table 4
The content of manganese in galena, sphalerite, siderite, aragonite and gypsum
Sample/Mineral 1y, (add.) W (calc.) wy, (found) R [CP-AES
ug ngl'g Hefg % nelg
Sphalerite — Toranica
1 - : e - - :
2 100.0 533 521 97.7
3 200.0 6.33 6.16 97.3
Sphalerite — Zletovo
1 - - 3.60 - w0
2 100.0 4.6 4.65 101.1
3 200.0 5.6 545 97.3
Galena — Sasa a -
1 - - 0.032 0032
2 10.0 0.13 0.11 100.0
3 25.0 0.28 0.26 100.4
Galena - Zletovo )
1 - - «©00s - 0005
2 10 0.1 0.1 100.0
3 a5 0.25 0.25 100.0
Siderite -
1 - - 210 - Eneh
2 100 270.9 274.5 101.3
3 200 321.0 3237 100.9
| Aragonite
1 - - 0.169 - -
2 50 0.669 0.675 100.8
3 100 1.165 1.165 100.0
4 200 2.163 2.183 100.9
Gypsum — Del&evo o
\ : - e S 0004
2 50 0.5 0.5 100.0
3 100 1.0 1.0 100.0
4 200 2.0 2.0 100.0
Gypsum - Debar
: : g e e — 0006 —
2 50 0.5 0.5 100.0
2 100 1.0 1.0 100.0
3 200 2.0 2.0 100.0
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Pec3ume

ONIPEAEJYBAIBE HA Zn, Mn H Fe BO HEKOH MHUHEPA.TH
CO ATOMCKA AIICOPITINNOHA CIIEKTPOMETPHIA

Jparvna 3engenoscka', Tpajue Cradunos' n Braxo Boep®

Tpupodno-matiemaitiuyxn panyaiderd, Huctw@yit 3a xemuja, Crofije, Peiyoauxa Marxedoniga
*Pydapcro-Zeoaownu paxyvaided, Uiaud, Pefiyoauxa Maxedonuja

KJy‘llllrl 361)p()BH: AKejle3o, MaHTaH, UHHK! aToMCKa afncopmiHoHa CﬂeKTpUMeTija; cq)anepm-; TaJeHuT,

CHAECPUT; aparuHNT; THIe

[Mpeanoken e METO 3a OMpefieNyBatbe Ha Fe, Mn 1
Zn co MlaMeHa aTOMCKa afcoOpiIHOHA CHeKTPOMETpHja
BO pasIuTHH cyfIdHARK (raxeHuT u casepnt). Kapoo-
HaTHH (CHAEpPHT, aparoHuT) U cyadpaTrI (THIC) MHHEpa-
nu. HemiryBameTo Ha BAMjaHAjaTa Ha MaTpHIaTa MokKa-
Ka fleKa e MOKHO AHPeKTHO onpefienyBakke Ha Fe. Mn it
Zn ol pacTBOPH JOGHEHH CO PACTBOPAKE Ha MIHEpaTHTe
BO cMecH of kucenund (HCIl u HNO;), ocBeH Bo cTy4ajoT
Ha ompefeayBameTO Ha Mn BO KadUUYyMOBH MaTpHIH.

YTBpALHO € leKa MPHCYCTBOTO Ha KaJHYMOT A0BEAVBA
7o HaMallyBake Ha ancopdHarwuata Ha Mn. [ToctanknTe ce
TOTBPASHH €O METONOT Ha CTaHAapfeH TOJaTOK U o
cropeta Ha pe3VATaTHTE cu OHHE ROOHEHH Co TpHMeHa
Ha aTOMCKaTa eMHCHOHA CIeKTPOMETPHja cO HHAYKTHBHO
CIperHaTa TuTasMa. YTBPIICH() ¢ A¢Ka rpaHullaTa Ha fie-
TeKlifja W3HecyBa 2 Hg/g 3a Zn, a 5 ug/g 3a Mn u Fe. Uctm-
TYBaHHTE MHHEPAIH MOTeKHYBAAT Of Pa3THYHH PYTHWUH
og PenyGauka MakegorHja.
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