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A new Photometric Protocol for Analyzing of the
Iron Oxidation State In Fayalitic Slag Systems

Introductlon Monika Keutmann
Iron has three typical oxidation states Fe(0), Fe(ll) and Fe(lll). As metal it Dipl.-ing. Joao Weiss
has an oxidation state of 0. The most common mineral of iron is Hematite, Prof. Bernd Friedrich
where the oxidation state is lll. In metallurgy a typical slag system is

Fayalitic slag system, here the oxidation state is Il. So the oxidation state of IME - Process Meta_"urgy
Iron provides an indication of the micro structure of a mineral system. and Metal Recycling

Institute and chair at

Theoretical Background -
RWTH Aachen University

For recycling of Tantalum from e-waste a new approach should be
Investigatet. Here the main goal Is to enrich Tantalum in a specific mineral
phase like (Fe'(Fe",53,Ta,)0,). As a starting point a synthetic Fayalitic
slag system was used. So the oxidation state of iron is able to indicate
indirectly information of Tantalum phases.!3! Therefore a special protocol

for Analyzing iron with a photometric method was investigatet. DIEMETALLURGEN

Experimental
0 min 10 min First the slag has to be dissolved without changing oxidation state of iron.
s e As reference pure lron(ll/lli)oxide (FeO/Fe,O,;) from Sigma was used. A
4, ' K mixture of ortho phosphoric acid (H;PO,), Tetrafluoroboric acid (HBF,) and
- € water (H20) was used. As shown in figure 1 the iron oxide, it's the bottom line
Worta et - with three samples, dissolved completely after 140 min. The slags are not
| W.ﬂ ' ‘ e/ completely dissolved after 210 min. So an ultra sonic bath was used. Here
{i\«(\ N ) most of the samples were successful dissolved. The rest could be silicon

< . - @ dioxide (SIO,), which Is quite hard to dissolve. The samples were each
100 min S0 min 210 min _ transferred quantitatively with water to a 500 mL volumetric flask, the flask is
)* % @, Q)) A8 filled to the mark and its contents are mixed. Afterwards the solution are
@ e :‘“® @ & diluted again for factor of 50. In thes_e study tvyo c!lﬁerent pho_tometrlc kits from
@) @) =~ Merck were used for the photometric determination. Test kit 1 was Cat. No,
‘ @ "R TR o @} @ "1 1.14761.0001 Spectroguant® with a triazine derivate as complex builder. An

@
Fe(Illoxid A |

ool -me gssumed reactionlt! and color of an sample see figure 2. Test kit 2 was Cat.

@ @ () No, 1.00796.0001 Spectroquant® with a 1,10-phemanthroline as complex
= - builder. The reaction of Fe(ll) and Fe(lll) ions!?! and color of the Fe(ll) complex
Figure 1: Dissolving behavior of slag samples and iron oxide in relation to the time IS illustrated in ﬁgure 3.
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3-(2-pyridyl)-5,6-diphenyl-1.2 4-triazine N =
(PDT)
| N\ / - Ferroin €= 1.2-10% - mol~'em~! Ferriine €= 900 |- mol-'cm~’
at 510 nm at 600 nm 2]
Fe(I)(PDT); complex £= 2.4-10* - mol~'em™"
at 555 nm I

Figure 2: Test kit 1. Right side, assumed reaction of Fe(ll) and a triazine derivate Figure 3: Test kit 2. Right side, reaction of Fe(ll) and 1,10-phemanthroline as complex builder[2}. Middle, reaction of
as complex builder [1]. Left side a positive sample with test kit 1 Fe(lll) and 1,10-phemanthroline as complex builder[2} Left side a positive sample with test kit 1 with Fe(ll).
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Results and Discussion

For comparing the test kits, iron oxide samples were measured with both test kits. Test Kit 1 always reduce all Fe-lons to the oxidation state of Il, while In test
Kit 2, 1t Is possible to measure Fe(ll) separately from Fe(lll). Here the difference between both Kits was overall £ 5% In total iron amount. So both Kits are
comparable. The ratio of Fe(ll) and Fe(lll) of the samples were close to results from X-ray absorption near-edge structure (XANES) spectroscopy compared to
Schimrer et.all®l.Now some confusion results were detected. The total amount is too high. The results from iron oxide samples were calculated back into a
weight and with initial weight of the sample.
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Here the recovery Rate of 1 o £ 5% | sl b e | c
— SchnitlpunktmitderY—Achse | +0, 0 Gewichtung Keine Gewichtung 0 Gowicht Keine Gewiohiun ©
e Fonemiae | oo S 2.5 - . Schnittpunkt mit der Y-Achs [0.416950,01636) S;\wl:ﬁt u:gt oA |1 37867 £ 00767 Qo
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were calculate erefore, the method o e | ome | 8 o revs 0| - sorr 0 2
. ] Kor. R-Quadrat 0.98855 < Pearson R 0,9989 S Summe der Fehlerquadrat 0,00202 O
L B L] IE 2 O | ./// R-Quadrat(COD) |  0,9978 E /./ Pearson R 0,99886 S.
’ R-Quadrat | 099725 R-Quadrat (COD) 0,99773
Standard addition was used, allowing to 5 5 - E 2
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detect matrix effects. Three different £ 2 2 p g s

calibration curves are reflected in figures
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4-6. The results indicate clearly that the AL 0 g

matrix has to be consider for detecting the — BT o

correct concentration. So  for future 05- Conc (gL} 050 >

calculation, curves with standard addition o Cone [mg/L]
L avelength area from 600 to 500 nm m  Wavelength area from 600 to 500 nm m  Wavelength area from 600 to 500 nm

Should be used Calibration without any Addition [Absorbance] Calibration with Addition on Master slag [Absorbance] Calibration with Addition on Iron oxide [Absorbance]

_ Figure 4: Calibration Curve with test Kit 1 Figure 5: Calibration Curve with test Kit 1 Figure 6: Calibration Curve with test Kit 1
| 1trature without any matrix. with slag matrix. with iron oxide matrix.
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