N
N

N

HAL

open science

The speciation of titanium(IV) in concentrated
phosphoric acid: A spectroscopical and TD-DFT study.

Lucas Mangold, Hubert Halleux, Aurélien Moncomble, Gérard Cote,

Alexandre Chagnes

» To cite this version:

Lucas Mangold, Hubert Halleux, Aurélien Moncomble, Gérard Cote, Alexandre Chagnes. The specia-
tion of titanium(IV) in concentrated phosphoric acid: A spectroscopical and TD-DFT study.. IUPAC

CCCE 2021, Aug 2021, Ottawa (virtual), Canada. hal-03418105

HAL Id: hal-03418105
https://hal.science/hal-03418105

Submitted on 6 Nov 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-03418105
https://hal.archives-ouvertes.fr

The speciation of titanium(lV) in concentrated phosphoric acid : A spectroscopical
and TD-DFT study.

Lucas Mangold2P, Hubert Halleux?, Aurélien Moncomble¢, Gérard Coted, Alexandre
Chagnes?

a Université de Lorraine, CNRS, GeoRessources, 54000 Nancy, France

b Prayon, rue Joseph Wauters 144 &, B-4480 Engis, Belgium

¢ Univ. Lille, CNRS, UMR 8516 - LASIRe - Laboratoire de Spectroscopie pour les Interactions, la
Réactivité et I'Environnement, F-59000 Lille, France

d PSL Research University, Chimie ParisTech — CNRS, Institut de Recherche de Chimie Paris, 11
rue Pierre et Marie Curie, 75005 Paris, France

Abstract:

Phosphoric acid and phosphate salts are used worldwide as fertilizers, food additives, but also as
etching agents for the manufacture of electronic devices and pharmaceutical excipients. The
grade of each of these applications is defined by specifications'* concerning trace metal
impurities as well as concentrations of inorganic anions such as nitrate, sulfate, fluoride, chloride,
etc. The conventional wet-process of phosphoric acid production consists in leaching phosphate
ores by sulfuric acid with the drawback that certain impurities are co-leached. Selective liquid-
liquid extraction was found to be very efficient to reduce the concentration of most impurities
present in commercialized phosphoric acid®>®. The speciation of metal cations in concentrated
phosphoric acid (8-14.5 mol.L?) is a key information to design a selective extraction solvent for
HsPO4 towards metal impurities. For instance, classical extraction solvents used in the production
of phosphoric acid are not sufficiently selective towards titanium(IV). In order to better understand
the phenomena responsible for titanium(IV) co-extraction during solvent extraction of HsPOa, it is
mandatory to know the speciation of titanium(lV) in a large range of phosphoric acid
concentrations. Therefore, this presentation is focused on the study of the speciation of 2-20 mmal
Lt titanium(IV) in 7-14 mol L phosphoric acid. Even though this speciation has been extensively
investigated in acidic media’™®, the literature concerning phosphoric acid remains quite
limited©-11,

In this work, synthetic phosphoric acid solutions containing titanium(IV) were studied by means
of spectroscopic methods (NMR and UV-Visible spectroscopy). The calculation of apparent
complexation constant was possible by the chemometric interpretation??*® of the spectral data.
For the first time, a speciation diagram of titanium(l\V) in concentrated phosphoric acid was
plotted. Additional information of the structures of the complexes present in concentrated
phosphoric acid were determined by performing time-dependent density functional theory (TD-
DFT) calculations.
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