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Abstract of the Technical Contents of the Invention 

The invention concerns a treatment process with a starting aqueous phase (PAD) 

containing titanium and sulfuric acid produced by the attack of sulfuric acid on titaniferous 

ores of the type in which the following steps are used: 
an extraction step in which the starting aqueous phase is placed in contact with 

an organic extraction phase (POE) containing one or a plurality of 

organophosphorus compounds, by means of which an organic phase containing 

titanium and sulfuric acid (PO) is obtained; 
then, a regeneration step in which the organic phase containing titanium and 

sulfuric acid (PO) is regenerated by contact with an aqueous regeneration phase 

(P AR0), by means of which a regenerated aqueous phase (P ARr) containing 
titanium is obtained; 

characterized in that it includes an additional step in which all or part of the regenerated 

aqueous phase (PARr) is placed in contact with an organic washing phase (POL), by means 

of which a treated aqueous phase (PAT) containing titanium is obtained. 

PROCESS FOR TREATING 
AN AQUEOUS SOLUTION OF TITANIUM SULFATE 

The present invention concerns a process for treating an aqueous solution of titanium 

sulfate and generally fits into the process for preparing titanium dioxide by the sulfuric method. 

T~e process for preparing titanium dioxide by the sulfuric method consists of treating 

ilmenite and/or titaniferous slags with concentrated sulfuric acid to obtain a titanium sulfate solution, 



called black liquor, which is then purified by eliminating the impurities, then hydrolyzed to obtain 

titanium dioxide. 

One of the methods of purifying black liquor is to place the black liquor in contact with an 

organophosphorus solvent in the presence of acid to selectively extract the titanium sulfate inorganic 

phase and to thereby separate the impurities from it. The titanium sulfate present in the organic 

phase is then regenerated into aqueous phase by placement in contact with an aqueous phase. 

An aqueous solution of purified titanium sulfate is obtained through this liquid-liquid 

extraction process. This solution may be hydrolyzed to prepare titanium dioxide. However, this 

hydrolysis may be conducted only under precise conditions, particularly as concerns the titanium 

and sulfuric acid contents of the solution to be hydrolyzed. 

It is known that the acid factor, defined as the ratio of the concentration of the active acid 

(free H2S04 +acid linked to titanium in TiOS04 form), expressed in g/l ofH2S04, to the titanium, 

expressed in g/l of Ti02, must present a low value, generally below 2. 

The value of the acid factor of the final purified titanium sulfate solution may be controlled 

by adapting the various current flows utilized during the extraction and regeneration steps during 

purification. This control, however, must be precise, especially when the process for purification 

by extraction operates in a closed circuit, which is almost always the case. 

Furthermore, under some flow conditions which permit the achievement of a good acid 

factor in the final solution, problems are observed in the extraction unit stages with precipitation of 

species containing titanium, such as (TiOS04, n H20), where n is between 0 and 2, at different 

degrees of hydration. 

And finally, because of its precision, the control used does not allow the value of the acid 

factor of the final titanium sulfate solution to be modulated at will, thereby affecting the 

characteristics of the precipitated titanium dioxide. 

Therefore, it is generally especially difficult to adjust the acid factor of a titanium sulfate 

solution during a sulfuric liquid-liquid extraction process, such that the final solution's acid factor 

is often too high and, if the solution is then hydrolyzed and the hydrolysate then washed and 

calcined, the pigment obtained is poor. 

One object of the present invention is to resolve these disadvantages by offering a new 

purification process for a titanium sulfate aqueous solution that enables obtaining a low acid factor 

in the final titanium sulfate solution. 

Another object is to offer a purification process for a titanium sulfate aqueous solution that 

makes it possible to control the acid factor by avoiding titanium sulfate precipitation problems in 

the battery extraction stages. 



Another object is to offer a purification process for an aqueous titanium sulfate solution that 

makes it possible to freely modulate the value of the final acid factor. 

To that end, the invention concerns an initial embodiment of a treatment process with a 

starting aqueous phase (PAD) containing titanium and sulfuric acid produced by the attack of 

sulfuric acid on titaniferous ores of the type in which the following steps are used: 

- an extraction step in which the starting aqueous phase (PAD) comes in contact with an 

organic extraction phase (POE) containing one or a plurality of organophosphorus compounds, by 

means of which an organic phase containing titanium and sulfuric acid is obtained (PO); 

- then, a regeneration step in which the organic phase (PO) is regenerated by contact with 

an aqueous regeneration phase (PARo), by means of which a regenerated aqueous phase (P ARr) 

containing titanium is obtained; 

characterized in that it includes an additional step in which all or part of the regenerated aqueous 

phase (PARr) is placed in contact with an organic washing phase (POL), by means of which a treated 

aqueous phase (PAT) containing titanium is obtained. 

The invention also concerns a second embodiment of a process for treating a starting 

aqueous phase (PAD) containing titanium and sulfuric acid produced by the attack of sulfuric 

acid on titaniferous ores of the type in which the following steps are used: 

- an extraction step in which the starting aqueous phase (PAD) is placed in contact with an 

organic extraction phase (POE) containing one or a plurality of organophosphorus compounds, by 

means of which an organic phase is obtained containing titanium and sulfuric acid (PO). 

- a regeneration step implemented by liquid-liquid countercurrent extraction over a 

plurality of stages in a suitable apparatus including an initial stage in which the organic phase 

(PO) is introduced flowing counter to an aqueous regeneration phase (PARo) introduced in the 

last stage of the apparatus, characterized in that an organic washing phase (POL), containing the 

same organophosphon!S compound(s) as the organic extraction phase (POE) flowing counter to 

the aqueous regeneration phase (PARo), is introduced into one or a plurality of intermediate 

stages flowing counter to the aqueous regeneration phase (PARo). 

The invention also concerns a third embodiment for treating a starting aqueous phase (PAD) 

containing titanium and sulfuric acid produced by the attack of sulfuric acid on titaniferous ores 

of the type in which the following steps are used: 

- an extraction step in which the starting aqueous phase (PAD) is placed in contact with an 

organic extraction phase (POE) containing one or a plurality of organophosphorus compounds, by 

means of which an organic phase containing titanium and sulfuric acid (PO) is obtained. 
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- a liquid-liquid countercurrent extraction regeneration step is used over a plurality of stages 

in a suitable apparatus containing a first stage in which the organic phase (PO) is introduced flowing 

counter to an aqueous regeneration phase (PARo) introduced in the last stage of the battery, 

characterized in that, in an intermediate stage (n) a partially regenerated aqueous phase (P APR) is 

extracted, placed in contact with an organic washing phase (POL), by means of which a partially 

regenerated aqueous phase (PAPRr), which is reintroduced at stage (n-1) of the regeneration step, 

is obtained . 

The invention also concerns the titanium solution obtained by means of the process defined 

above. 

Lastly, the in'.'ention concerns the process for preparing titanium dioxide in which the 

titanium solution is hydrolyzed, then the hydrolysate obtained is washed and calcined. 

Other advantages of the invention will appear during reading of the more detailed 

description. 

Figure 1 shows the first embodiment of the treatment process. 

Figure 2 shows the second embodiment of the treatment process. 

Figure 3 shows third embodiment of the treatment process. 

To start with, the invention concerns a first embodiment of a treatment process for an 

aqueous phase containing titanium and sulfuric acid (PAD) produced by the contact of titaniferous 

ores and sulfuric acid of the type in which the following steps are used: 

- an extraction step in which the starting aqueous phase (PAD) is placed in contact with an 

organic extraction phase (POE) containing one or a plurality of organophosphorus compounds, by 

means of which an organic phase is obtained containing titanium and sulfuric acid (PO), 

- then, a regeneration step in which the organic phase is regenerated by bringing it in contact 

with an aqueous regeneration phase (P ARo), by means of which a regenerated aqueous phase (P ARc) 
containing titanium is obtained, 

characterized in that it contains an additional step in which all or part of the regenerated aqueous 

phase (PAR,.) is placed in contact with an organic washing phase (POL), by means of which a treated 

aqueous phase (PAT) containing titanium is obtained. 

The term titanium refers to all forms of titanium in an aqueous or sulfuric medium, in 

titanium sulfate form among others, as well as all forms of titanium in an organic medium including 

organic compounds, in titanium sulfate complexed by the organic compounds, for example. 



The process according to the invention consists of treating a solution containing titanium 

and sulfuric acid called the starting aqueous phase (PAD). Such a starting phase originates in 

general produced by placing titaniferous ores (ilmenite, titaniferous slag) in contact with 

concentrated sulfuric acid. After contact, the insoluble part of the ore is separated from the ores in 

the liquid phase. This liquid phase is an aqueous solution of titanium sulfate containing sulfuric acid 

rich in foreign metal salts. This is commonly called black liquor. 

According to the invention, the starting aqueous phase (PAD) initially undergoes an 

extraction step by being placed in contact with an organic phase called the organic extraction phase 

(POE). During this step, the titanium from the starting aqueous phase (PAD) is extracted in the 

organic phase while the impurities, that is, the foreign metal salts, are maintained in the aqueous 

phase. At the end of this extraction step, an organic phase containing titanium and sulfuric acid (PO) 

is thus obtained, with the titanium purified. 

Secondly, the organic phase containing the titanium and the sulfuric acid (PO) obtained 

undergoes a regeneration step by placement in contact with an aqueous regeneration phase (P ARo). 

During this step, the titanium present in the organic phase is de-extracted into the aqueous phase. 

At the end of this regeneration step, a regenerated aqueous phase (P ARr) containing titanium and 

sulfuric acid is thus obtained. 

According to the first embodiment of the process according to the invention, the process 

contains an additional step during which all or part of the regenerated aqueous phase (P ARr) is 

placed in contact with an organic washing phase (POL). 

The effect of this contact in the additional step is a lowering of the acid factor in the 

regenerated aqueous phase containing the purified titanium (P ARr)· In fact, after contact with the 

regenerated aqueous phase (PARr) and the organic washing phase (POL) is complete, a treated 

aqueous phase (PAT), containing purified titanium and sulfuric acid with a controlled acid factor, 

is obtained directly. This aqueous phase may be directly hydrolyzed. 

To implement the additional step, it is possible to treat the entire regenerated aqueous phase 

(PARy) or to treat only a fraction of it. 

The invention also concerns a second embodiment of a treatment process for a starting 

aqueous phase (PAD) containing titanium and sulfuric acid produced by the attack of sulfuric 

acid on titaniferous ores of the type in which the following steps are used: 

- an extraction step in which the starting aqueous phase (PAD) is placed in contact with an 

organic extraction phase (POE) containing one or a plurality of organophosphorus compounds, by 

means of which an organic phase containing titanium and sulfuric acid (PO) is obtained. 
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- a regeneration step implemented by liquid-liquid countercurrent extraction over a plurality 

of stages in a suitable apparatus containing a first stage in which the organic phase (PO) is 

introduced flowing counter to an aqueous regeneration phase (P ARo) introduced at the last stage of 

the apparatus, characterized in that an organic washing phase (POL) is introduced during one or a 

plurality of intermediate stages containing the same organophosphorus compound(s) as the organic 

extraction phase (POE) flowing counter to the aqueous regeneration phase (P ARo). 
This second method consists of implementing an initial extraction step such as the one 

described for the first embodiment. 

Next, the organic phase containing titanium and sulfuric acid (PO) obtained undergoes a 

regeneration step through contact with an aqueous regeneration phase (P ARo). This step is 

implemented by liquid-liquid extraction over a plurality of stages. The organic phase (PO) is 

introduced in the first stage of the apparatus and the aqueous regeneration phase is introduced 

flowing counter to the last stage. During this step, the titanium present in the organic phase is de­

extracted into the aqueous phase. At the same time, in one or a plurality of the intermediate phases 

of the regeneration step, the organic washing phase (POL) is introduced in the direction flow of the 

org~nic phase (PO). This makes it possible to lower the acid factor of the aqueous phase present in 

this or these stage(s) of the regeneration step. At the conclusion of the regeneration step, a treated 

aqueous phase (PAT) is obtained containing titanium and sulfuric acid and having a controlled acid 

factor. 

· The invention also concerns a third embodiment of a process for treating a starting aqueous 

phase (PAD) containing titanium and sulfuric produced by the attack of sulfuric acid on 

titaniferous ores of the type in which the following steps are used: 

- an extraction step in which the starting aqueous phase (PAD) is placed in contact with an 

organic extraction phase (POE) containing one or a plurality of organophosphorus compounds, by 

means of which an organic phase containing titanium and sulfuric acid (PO) is obtained; 

- a regeneration step implemented by liquid-liquid countercurrent extraction over a plurality 

of stages in a suitable apparatus containing a first stage in which the organic phase (PO) is 

introduced flowing counter to an aqueous regeneration phase (P ARo) introduced in the last stage of 

the apparatus, characterized in that during an intermediate stage (n) a partially regenerated aqueous 

phase (PAPR) is extracted and placed in contact with an organic washing phase (POL) by means of 

which an aqueous phase (PAPRr) is obtained which is reintroduced at stage (n-1) of the regeneration 

step. 

This third embodiment consists of implementing a first extraction step as described for the · 

first and second embodiments. 



Next, the organic phase containing the titanium and sulfuric acid (PO)obtained undergoes 

a regeneration step through contact with an aqueous regeneration phase (PA'Ro). This step is 

implemented by liquid-liquid extraction over a plurality of stages. The organic phase (PO) is 

introduced in the first apparatus stage, and the aqueous regeneration phase is introduced in 

countercurrent in the last stage. 

During this step; the titanium present in the organic phase is de-extracted into the aqueous 

phase. In intermediate stages (n) of this regeneration step, all or part of the aqueous phase is 

withdrawn from the apparatus, and the extract called partially regenerated aqueous phase (P APR) 

is placed in contact with an organic washing phase (POL). This contact permits the acid factor in 

the partially regenerated aqueous phase (PAPR) to be lowered. FoUowing this contact, the aqueous 

phase obtained (PAPRr) is reintroduced into the apparatus of the regeneration step in stage (n-1) 

flowing counter to the organic phase (PO). 

It is also possible to perform this treatment of a partiaJly regenerated aqueous phase (P APR) 

produced by an intermediate stage (n) at a plurality of stages in the regeneration step. 

In the last stage of the regeneration step, a· treated aqueous phase (PAT) is collected 

containing purified titanium and sulfuric acid, and the acid factor is adapted to direct treatment by 

hydrolysis. 

According to the first embodiment of the invention, during the additional step, the flow rate 

ratio (O/A) of the organic washing phase (POL) to the regenerated aqueous phase (PARr) may be 

between 0.1 and 100, preferably between 1 and 60. 

According to the first embodiment, introducing the organic washing phase (POL) in the 

additional step helps lower the acid factor of the regenerated aqueous solution (PARr). More 

specifically, affecting the flow rate ratio of the aqueous phase (PARr) and organic phase (PO), it 

becomes possible to set the desired value of the final aqueous solution produced by the additional 

or regeneration step. Given the value of the acid factor (FAo) of the regenerated aqueous phase 

(P ARr) and the final acid value desired (F Ar), it is possible to obtain the desired result by a simple 

adjustment of the flow rate ratio (O/A) of the organic washing phase (POL) to the regenerated 

aqueous phase (P ARr ). Generally speaking, the 0/ A ratio must be as high as the F Ao and you want 

to have a low FA'" For example, for a regenerated aqueous phase (PARr) with a Ti02 concentration 

of 260 g/I and an F A0 of 2.1, if the desired F Ar is 1. 7 at most, the 0/ A ratio must be at least 2 . 

. The person skilled in the art may thus determine the O/A ratio value for each 

embodiment of the process. 

Similarly, according to the second embodiment, the (O/A) ratio of the organic washing 



phase (POL) to the aqueous regeneration phase (P ARo) flow rate may go as high as 100, preferably 

60, during the regeneration step. 

And according to the third embodiment, the (0/ A) ratio of the flow of the organic washing 

phase (POL) to the partialJy regenerated aqueous phase (PAPR) may fall between 0.1 and 100, 

preferably between 1 and 60, during the regeneration step. 

According to the three embodiments of the invention, the organic extraction phase (POE) 

preferably contains one or a plurality of organophosphorus compounds of the general formula: 

(I) Rm(R'O)nP = 0 

where: 

• R represents a straight or branched alkyl group, 

• R' represents an R group or a possibly substituted aryl group, 

• R and/or R' possibly containing one or a plurality of heteroatoms such as an oxygen atom, a 

halogen and/or a phOSJ?horous atom, 

• mis an integer from 1 to 3 and n is equal to 0, 1 or 2 with m + n equal to 3, 

• all the Rand R' substituents contain at least 12 carbon atoms in all. 

The organophosphorus compounds of general formula (I) may be phosphonates such as 

dibutylbutyl phosphonate (DBBP), bis-( ethyl-2hexyl)( ethyl-2hexyl)phosphonate (DHEHP), 

tetraethyldecilene diphosphonate: (C2H50)2-0P-CH2-(CH2) 8-CH2-PO(OC2H5) 2, dipentylpentyl 

phosphonate (DPPP), tetraethylbutylene diphosphonate: (iC3H70)PP-CH(CH3)-PO(iC3H7), 

diethyldodecyl phosphonate, and the product sold under the trademark Baysolvex® VPAC 4046 

DBBP. Dibutylbutyl phosphonate (DBBP) or dipentylpentyl-phosphonate (DPPP) are preferred. 

They may also be such phosphinates as dioctylmethylphosphinate and products sold 

under the trademark Baysolvex® DMPL and NMPL. 

These compounds may also be such phosphine oxides as di-n-hexylmethoxyoctyl 

phosphine (DHMOPO), tri-n-butyl-phosphine (TBPO, trioctylphosphine (TOPO), and products 

sold under the trademarks Cyanex® 923 and 925 and Hostarex® PX320. 

Advantageously, the organic extraction phase (POE) contains alkylphosphonates, possibly 

saturated in water, preferably dibutylbutyl phosphonate (DBBP) or dipentylpentyl phosphonate 

(DPPP), possibly saturated in water. Even more preferably, the organic extraction phase (POE) 

contains dibutylbutyl phosphonate (DBBP), possibly saturated in water. 

The organophosphorus compounds may be used pure or diluted. 

Thus, the organic phases containing organophosphorus compounds may include a 



phosphorus organic compound chosen from among aromatic or aliphatic hydrocarbons, ethers, 

halogenate solvents, ketones, alkyl phosphates and mixtures thereof, in all proportions. In fact, 

specifically because of their physical properties, some organophosphorus compounds may not be 

used in their pure state for liquid-liquid extraction separation. In such a case, in addition to its 

solubilizing action, the diluent has a favorable effect on the physical properties of the 

organophosphorus compound(s) by, for example, decreasing the viscosity or density of the organic 

phase. 

If the organophosphorus compound(s) are diluted, the concentration of the 

organophosphorus compound(s) in the diluent is at least approximately IO wt.-%. This 

concentration is primarily a function of the physical properties desired for the organic phase. 

The nature of the organic washing phase (POL) may be varied. 

According to the first and third embodiments, preferably, the organic washing phase (POL) 

as well contains one or a plurality of organophosphorus compounds of formula (1). Even more 

preferably, the organic extraction phase (POE) and the organic washing phase (POL) have the same 

organic composition. The implementation of the first embodiment of the process has the advantage 

of using only a single type of organic phase and of operating with a single solvent circuit for the 

extraction step, the regeneration step, and the acid factor reduction step. 

Advantageously, the organic extraction (POE) and washing (POL) phases have the same 

nature such that all or part of the organic phase from the acid factor reduction step may be mixed 

with the organic extraction phase (POE) at the beginning of the process. 

However, in the acid factor reduction step in the first and third embodiments, it is also 

possible for the organic washing phase (POL) to use an organic solvent different from that of the 

organic extraction phase (POE). Consequently, any organic solvent that permits selectively 

extracting the sulfuric acid from a titanium sulfate solution may be used, a water-immiscible alcohol, 

for example. 

For the second embodiment, the organic washing phase (POL) advantageously has the same 

nature as the organic extraction phase (POE). 

For the three embodiments, the organic phase from the acid factor reduction phase or the 

regeneration step is customarily reprocessed. 

This reprocessfrig is designed to eliminate possible traces of sulfuric acid and solvent 

degradation products. This may be accomplished by placing the organic phase from the additional 

or regeneration step in contact with an aqueous reprocessing solution from the organic phase in order 

to de-extract all or part of these traces. 

Jn the latter case, it is then possible to use the organic phase from this reprocessing as all or 
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part of the organic extraction phase (POE) or as all or part of the organic washing phase (POL). 

In general, the different steps of the process according to the invention are implemented by 

countercurrent extraction over a plurality of stages in suitable apparatuses such as mixer-decanter 

batteries or columns. 

According to a variant of the process, all or part of the organic phase from the additional 

step or the regeneration step may be introduced into the apparatus stages of the extraction step. 

According to another variant of the process according to the invention, before the 

regeneration step, the organic phase containing the titanium (PO) may undergo an intermediate 

washing with water and/or an aqueous solution containing sulfuric acid and/or titanium sulfate. The 

organic phase (PO) is then placed in contact with an aqueous washing phase (P ALo) containing water 

and/or an aqueous solution containing sulfuric acid and/or titanium sulfate to eliminate the traces 

of impurities present in the organic phase (PO) that may have been extracted in the organic phase 

during the extraction step. This washing step may be implemented in conventional extraction 

apparatuses such as mixer-decanter batteries or columns. 

This washing yields an aqueous phase from the washing step (P ALf) containing impurities 

and a washed organic phase (PO@) containing titanium and sulfuric acid free of impurities is 

obtained. This washed organic phase (POe) then undergoes the next step in the process according 

to the invention, i.e., the regeneration step. 

According to yet another variant, the aqueous regeneration phase (PA.Ro) may include 

sulfuric acid. 

And finally, according to a last variant, the organic extraction phase (POE) may be placed 

in contact with sulfuric acid before and/or during the extraction step, following the teaching of 

patent EP-A-207 403, for example. 

These variants may be combined. 

The invention also concerns the titanium solution obtained by the preceding process. 

And finally, the invention concerns a process for preparation of titanium dioxide in which 

the titanium solution defined above is hydrolyzed; the hydrolysate obtained is then washed and 

calcined. In fact, the treatment process previously described enables obtaining readily hydrolyzable 

purified titanium sulfate solutions with a low acid factor. Hydrolysis of these solutions, followed 

by washing and calcining of the hydrolysate obtained, enables obtaining high quality pigmentary 

titanium dioxide. 



Other characteristics of the process according to the invention will appear upon reading 

the following examples and the attached figures. 

circuit. 

The references in the figures have the following meanings: 

(e) countercurrent apparatus for extracting titanium sulfate 

(l) countercurrent apparatus for washing the titanium sulfate organic phase 

(r) countercurrent apparatus for regeneration of the titanium sulfate purified aqueous 

phase 

(s) countercurrent apparatus for the acid factor control step 

(t) countercurrent apparatus for reprocessing the organic phase from the regeneration 

step 

(PAD) Starting aqueous phase containing titanium and sulfuric acid 

(POE) Organic extraction phase 

(PO) Organi~ phase containing titanium and sulfuric acid 

(P Ai) Aqueous phase containing impurities 

(P AL0) Aqueous washing phase 

(PALr) Aqueous phase from the washing step 

(PO@) Washed organic phase 

(PARo) Aqueous regeneration phase 

(P ARr) Regenerated aqueous phase 

(PAPR) Partially regenerated aqueous phase 

(P APR,) Partially regenerated aqueous phase from the acid factor control step 

(PORr) Organic phase from the regeneration step 

(POL) Organic washing phase 

(PAT) Treated aqueous phase 

(P AH) Hydrolyzable aqueous phase 

Heavy lines correspond to the organic phase circuit; light lines, the aqueous phase 

Before detailing the various operations, it should be noted th~t the choice of the terms inlet 

and outlet of the extraction, washing, regeneration, treatment and additional units are based on the 

circulation direction of the organic phase. 



Figure 1 depicts a first embodiment the process according to the invention, with a washing 

step in the organic phase (PO). 

The starting aqueous phase (PAD) is introduced into the apparatus (e) flowing counter to 

the organic extraction phase (POE). Titanium is extracted into the organic phase, while the 

impurities are for the most part retained in the aqueous phase. Thus, at the outlet of (e), the organic 

phase containing titanium (PO) and the aqueous phase containing impurities (P Ai) are obtained. 

This organic phase (PO) is introduced into the apparatus (I) flowing counter to the aqueous 

washing phase (P AL0). A washed organic phase (POe) and an aqueous phase from the washing stage 

(PA Lr) are thus obtained. 

The washed organic phase (POe) is introduced into apparatus (r) flowing counter to the 

aqueous regeneration phase (PARo), by means of which the titanium is de-extracted into the aqueous 

phase. A regenerated aqueous phase (P AR.r) containing titanium and an organic phase from the 

regeneration (PORr) are obtained. 

The organic phase from the regeneration step is reprocessed in a reprocessing unit (t) to 

remove impurities. A purified organic phase is obtained which is used as the organic washing phase 

(POL). 

This organic washing phase (POL) is introduced into apparatus (s) flowing counter to all or 

part of the regenerated aqueous phase (PAR,) containing the titanium. A treated aqueous phase 

(PAT), containing the titanium and having a lower acid factor than the regenerated aqueous phase 

(P ARr), is obtained; an organic aqueous phase is also obtained which is used as the organic 

extraction phase (POE) at the beginning of the process. The treated aqueous phase (PAT) is possibly 

mixed with the regenerated aqueous step (PARr) not treated by the additional step, which results in 

a hydrolyzable aqueous phase (P AH). 

The organic phase from the additional step is recycled at the beginning of the process as the 

organic extraction phase (POE). 

Figure 2 depicts the second embodiment of the process according to the invention, with a 

washing step in for organic phase (PO). 

The starting aqueous phase (PAD) is introduced into the apparatus (e) flowing counter to 

the organic extraction phase (POE). The titanium is extracted into the organic phase, while 

impurities are for the most part retained in the aqueous phase. At the outlet of ( e ), the organic phase 

with titanium (PO) and the aqueous phase containing impurities (PAi) are thus obtained: 

This organic phase (PO) is introduced into the apparatus (1) flowing counter to the 



aqueous washing phase (PAL0). A washed organic phase (POq) and an aqueous phase from the 

washing step (PALr) are obtained. 

The washed organic phase (Pm) is introduced into the apparatus (r) flowing counter to the 

aqueous regeneration phase (PAR0) by means of which titanium is de-extracted into the aqueous 

phase. In one or a plurality of stages of this regeneration unit, an aqueous washing phase (POL) is 

introduced. At the outlet, an organic phase from the regeneration step (PORJ and a treated aqueous 

phase (PAT) containing the titanium with a controlled acid factor are obtained. 

The organic phase from the regeneration step (PORr) is reprocessed in reprocessing unit 

(t) to remove impurities. A purified organic phase is obtained which is used as an organic 

extraction phase (POE) and an organic washing phase (POL). 

Figure 3 depicts the third embodiment of the process according to the invention, 

with an washing step for the organic phase (PO). 

The starting aqueous phase (PAD) is introduced into the apparatus (e) flowing counter to 

the organic extraction phase (POE). The titanium is extracted into the organic phase, while 

impurities are for the most part retained in the aqueous phase. At the outlet of ( e ), the organic 

phase with titanium (PO) and the aqueous phase containing impurities (PAi) are obtained. 

This organic phase (PO) is introduced into the apparatus (I) flowing counter to the 

aqueous washing phase (POL0). A washed organic phase (Pm) and an aqueous phase from the 

washing step (P ALr) are thus obtained. 

The washed organic phase (POQ) is introduced into the apparatus (r) flowing counter to the 

aqueous regeneration phase (P ARo) by means of which the titanium is de-extracted into the aqueous 

phase. In one of the intermediate stages (n) of this regeneration unit, all or part of the aqueous phase 

is removed: This is a partially regenerated aqueous phase (PAPR). This is placed in contact with 

an organic washing phase (POL). After contact, an aqueous phase with a lower acid factor is 

obtained: (PAPR,), which is reintroduced into the regeneration apparatus at stage (n-1 ). 

At the outlet of the regeneration apparatus (r), a treated aqueous phase (PAT) containing 

purified titanium and having a controlled acid factor is obtained . 

The organic phase from the regeneration step (PORr) is reprocessed in the reprocessing unit 

(t) to remove impurities. A purified organic phase is obtained which is used as an organic washing 

phase (POL) and an organic extraction phase (POE). 

The organic phase from the step enabling reduction of the acid factor is mixed with the 

organic extraction phase (POE). 



EXAMPl_,ES 

The various contact steps are performed in conventional liquid-liquid countercurrent 

extraction systems. Such steps generally include a plurality of stages of mixer-decanter systems or 

columns packed and/or stirred, outfitted to perform the operations of extraction, washing, and de­

extraction of components. 

The equipment used includes the following elements: 
I 

- an extraction section ( e) containing 8 theoretical stages; 

- a washing section (I) containing 6 theoretical stages; 

- a regeneration section (r) containing 12 theoretical stages; 

- a reprocessing section (t) containing 4 theoretical stages; 

- a section enabling reduction of the acid factor (s) containing I theoretical stage. 

Flow rates reported in the examples are those for which the entire separation process is in 

equilibrium. 

Comparative Example 1: No acid factor control 

This example follows the embodiment illustrated in Figure 1, but does not include the 

additional step. 

- The starting aqueous phase containing titanium and sulfuric acid (PAD) contains 221 g/I 

Ti02 and 138 g/l H2S04• 

- The organic phase used is composed ofDBBP 'saturated in water (94/6 by weight). 

-The starting aqueous phase (PAD) is introduced in stage 8 of the section (e) with a flow 

rate of3:03 l/h. The organic extraction phase (POE) is introduced in countercurrent in stage 1 of the 

section (e) with a flow rate of 8.25 1/h. 

- Sulfuric acid concentrated to 98% is introduced in the stages of the section (e) with an 

overall flow rate of 440 ml/h. 

- The organic phase (PO) from stage 8 of the section (e) in stage 1 of the section (I) is 

introduced flowing counter to an aqueous washing phase containing part of the final purified 

titanium sulfate aqueous phase (PARr) introduced in stage 6 of this same the section (1), with the 

latter phase introduced at a flow rate of 960 ml/h. The aqueous phase collected in the first stage of 

this section (1) is introduced in stage 8 of the section (e). 

-The organic phase from stage 6 of the section (I) is introduced in stage I of the section (r) 



flowing counter to an aqueous phase containing water (PAR0) introduced in stage 12 of this same 

section (r) with a flow rate of2.55 l/h. 

- At stage 1 of the section (r), the regenerated aqueous phase (PARr) is collected; it has an 

acid factor of2.33. 

Example 2: 

This example follows the embodiment illustrated in Figure 1. 

- The starting aqueous phase containing titanium and sulfuric acid (PAD) contains 226.5 g/l 

Ti02 and 141.9 g/l H2S04• 

-The organic phase used is composed ofDBBP saturated in water (90/10 by weight). 

-The starting aqueous phase (PAD) is introduced in stage 8 of the section (e) with a flow 

rate of 4.55 l/h. The organic extraction phase (POE) is introduced in countercurrent in stage I of the 

section (e) with a flow rate of 14.5 1/h. 

- Sulfuric acid concentrated to 98% is introduced in the stages of the section (e) with an 

overall flow rate of 695 ml/h. 

- The organic phase (PO) from stage 8 of the section (e) in stage 1 of the section (1) is 

introduced flowing counter to an aqueous washing phase containing part of the final purified 

titanium sulfate aqueous phase (PAR,) introduced in stage 6 of this same section (I) with a flow rate 

of 1.45 l/h. The aqueous phase collected in the first stage of this section (1) is introduced in stage 

8 of the section (e). 

-111e organic phase from stage 6 of the section (1) is introduced in stage 1 of the section (r) 

flowing counter to an aqueous phase containing water (PA.Ro) introduced in stage 12 of this same 

section (r) with a flow rate of 3.75 l/h. 

- In stage 1 of the section (r), the regenerated aqueous phase (PAR,) is collected: it has an 

acid factor of 2.07. It is introduced in the section (s) with a flow rate of 2.4 1/h. DBBP (POL) 

saturated in water (90/10) is also introduced in countercurrent in stage 1 of this same section (s) with 

a flow rate of 14 1/h. The 0/A ratio is thus 5.96. 

- In stage 1 of the section (s), the treated aqueous phase (PAT), with a flow rate of2.2 l/h, 

is collected. It has an acid factor of 1.25. 

- By mixing this treated aqueous phase (PAT) with part of the regenerated aqueous phase 

(PAR0), a hydrolyzable solution of purified titanium sulfate with an acid factor of 1.73 and which 

yields good quality pigment is obtained. 
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CLAIMS 

1. A process for treating a starting aqueous phase (PAD) containing titanium and sulfuric acid 

produced by the attack of sulforic acid on titaniferous ores of the type in which the following 

steps are used: 

- an extraction step in which the starting aqueous phase (PAD) is placed in contact with an organic 

extraction phase (POE) containing one or a plurality of organophosphorus compounds, by means 

of which an organic phase containing titanium and sulfuric acid (PO) is obtained, 

- then, a regeneration step in which the organic phase containing titanium and sulfuric acid (PO) is 

regenerated by contact with an aqueous regeneration phase (PA.Ro), by means of which a regenerated 

aqueous phase (P ARr) containing the titanium is obtained, 

characterized in that it includes an additional step in which all or part of the regenerated aqueous 

phase (PAR,) is placed in contact with an organic washing phase (POL), by means of which a treated 

aqueous phase (PAT) containing the titanium is obtained. 

2. The process for treating a starting aqueous phase (PAD) containing titanium and sulfuric acid 

produced by the attack of sulfuric acid on titaniferous ores of the type in which the following 

steps are used: 

- an extraction step in which the starting aqueous phase (PAD) is placed in contact with an organic 

extraction phase (POE) containing one or a plurality of organophosphorus compounds, by means 

of which an organic pliase containing titanium and sulfuric acid (PO) is obtained, 

- a regeneration step implemented by liquid-liquid countercurrent extraction over a plurality of 

stages in a suitable apparatus containing a first stage in which the organic phase (PO) is introduced 

flowing counter to an aqueous regeneration phase (P Alla) introduced in the last stage of the 

apparatus, characterized in that in one or a plurality of intermediate stages, an organic washing phase 

(POL) containing the same organophosphorus compound(s) as the organic extraction phase (POE) 

flowing counter to the aqueous regeneration phase (PARo) is introduced. 

3. The process for treating a starting aqueous phase (PAD) containing titanium and sulfuric acid 

produced by the attack of sulfuric acid on titaniferous ores of the type in which the following 

steps are used: 

- an extraction step in which the starting aqueous phase (PAD) is placed in contact with an organic 

extraction phase (POE) containing one or a plurality of organophosphorus compounds, by means 

1tif 1iii1ii1fillii 
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of which an organic phase containing titanium and sulfuric acid (PO) is obtained, 

- a regeneration step implemented by liquid-liquid countercurtent extraction over a plurality of 

stages in a suitable apparatus containing a first stage in which the organic phase (PO) is introduced 

flowing counter to an aqueous regeneration phase (P ARo) introduced in the last stage of the 

apparatus, characterized in that a partially regenerated aqueous phase (PAPR) is extracted in an 

intermediate stage (n), placed it in contact with an organic washing phase (POL), by means of which 

an aqueous phase (PAPRr) is obtained which is reintroduced in stage (n-1) of the regeneration step. 

4. The process according to Claim 1, characterized in that during the additional step, the flow rate 

ratio of the organic washing phase (POL) to the regenerated aqueous phase (PARr) is between 0.1 

and 100. 

5. The process according to Claim 2, characterized in that during the regeneration step, the flow rate 

ratio of the organic washing phase (POL) to the regenerated aqueous phase (PA.Ro) increases to 100. 

6. The process according to Claim 3, characterized in that during the regeneration step, the flow rate 

ratio of the organic washing phase (POL) to the partially regenerated aqueous phase (P APR) is 

between 0.1 and 100. 

7. The process according to any one of the previous claims, characterized in that the organic 

extraction phase (POE) includes one or a plurality of organophosphorus compounds of the 

general formula: 

(I) Rm(R'O)nP=O 

where: 

• R represents a straight or branched alkyl group, 

• R' represents an R group or a possibly substituted aryl group, 

• R and/or R' possibly containing one or a plurality of heteroatoms such as an oxygen atom, a 

halogen and/or a phosphorous atom, 

• m is an integer from 1 to 3 and n is equal to 0, 1 or 2 with m + n equal to 3, 

• an the Rand R' substituents contain at least 12 carbon atoms in alt. 

8. The process according to any one of Claims 1, 4 and 7, characterized in that the organic washing 

phase (POL) contains one or a plurality of organophosphorus compounds of formula (1). 

9. The process according to any one of Claims 1, 4, 7 and 8, characterized in that the organic 
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extraction phase (POE) and the organic washing phase (POL) have of the same composition. 

10. The process according to any one of the preceding claims, characterized in that the organic 

phase from the additional step or the regeneration step is mixed with the organic extraction phase 

(POE). 

11. The process according to any one of the preceding claims, characterized in that the organic 

phase from the additional step or the regeneration step is reprocessed. 

12. The process according to any one of the preceding claims, characterized in that different steps 

are implemented by countercurrent extraction over a plurality of stages in mixer-decanter batteries. 

13. The process according to Claim 12, characterized in that all or part of the organic phase from 

the additional step or the regeneration step are introduced in the mixer-decanter battery stages of the 

extraction step. 

14. The process according to any one of the preceding claims, characterized in that before the 

regeneration step, the organic phase (PO) undergoes an intermediate washing with water and/or an 

aqueous solution containing sulfuric acid and/or titanium sulfate. 

15. The process according to any one of the preceding claims, characterized in that the aqueous 

regeneration phase (PAR0) contains sulfuric acid. 

16. The process according to any one of the preceding claims, characterized in that the organic 

extraction phase (POE) is placed in contact with sulfuric acid before and/or during the extraction 

step. 

17. A titanium solution obtained by the process defined according to any one of Claims 1 

through 16. 

18. The process for the preparation of titanium dioxide, characterized in that the titanium solution 

defined according to Claim 17 is hydrolyzed, after which the hydrolysate obtained is washed and 

calcined. 
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CLAIMS 

1. A process for treating a starting aqueous phase (PAD) containing titanium and sulfuric acid produced 
by the attack of sulfuric acid on titaniferous ores of the type in which the following steps are used: 
- an extraction step in which the starting aqueous phase (PAD) is placed in contact with an organic extraction 
phase (POE) containing one or a plurality of organophosphorus compounds, by means of which an organic 
phase containing titanium and sulfuric acid (PO) is obtained, 
- then, a regeneration step in which the organic phase containing titanium and sulfuric acid (PO) is 
regenerated by contact with an aqueous regeneration phase (PA.Ro), by means of which a regenerated 
aqueous phase (P AR.r) containing the titanium is obtained, 
characterized in that it includes an additional step in which all or part of the regenerated aqueous phase 
(P~~ is placed in contact with an organic washing phase (POL), by means of which a treated aqueous phase 
(PAT) containing the titanium is obtained. 

2. The process for treating a starting aqueous phase (PAD) containing titanium and sulfuric acid produced 
by the attack of sulfuric acid on titaniferous ores of the type in which the following steps are used: 
. - an extraction step in which the starting aqueous phase (PAD) is placed in contact with an organic extraction 
phase (POE) containing one or a plurality of organophosphorus compounds, by means of which an organic 
phase containing titanium and sulfuric acid (PO) is obtained, 
- a regeneration step implemented by liquid-liquid countercurrent extraction over a pluralitY of stages in a 
suitable apparatus containing a first stage in which the organic phase (PO) is introduced flowing counter to 
an aqueous regeneration phase (P ~) introduced in the last stage of the apparatus, characterized in that in 
one or a plurality of intermediate stages, an organic washing phase (POL) containing the same 
organophosphorus compound(s) as the organic extraction phase (POE) flowing counter to the aqueous 
regeneration phase (PA.Ro) is introduced. 

3. The process for treating a starting aqueous phase (PAD) containing titanium and sulfuric acid produced 
by the attack of sulfuric acid on titaniferous ores of the type in which the following steps are used: 
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- an extraction step in which the starting aqueous phase (PAD) is placed in contact with an organic extraction 
phase (POE) containing one or a plurality of organophosphorus compounds, by means of which an organic 
phase containing titanium and sulfuric acid (PO) is obtained, 
- a regeneration step implemented by liquid-liquid countercurrent extraction over a plurality of stages in a 
suitable apparatus containing a first stage in which the organic phase (PO) is introduced flowing counter to 
an aqueous regeneration phase (P ARo) introduced in the last stage of the apparatus, characterized in that a 
partially regenerated aqueous phase (P APR) is extracted in an intermediate stage (n), placing it in contact 
with an organic washing phase (POL), by means of which an aqueous phase (PAPR.r) is obtained which is 
reintroduced in stage (n-1) of the regeneration step. 

4. The process according to Claim 1, characterized in that during the additional step, the flow rate ratio of 
the organic washing phase (POL) to the regenerated aqueous phase (PAflr) is between 0.1 and 100. 

5. The process according to Claim 2, characterized in that during the regeneration step, the flow rate ratio 
of the organic washing phase (POL) to the regenerated aqueous phase (PARo) increases to 100. 

6. The process according to Claim 3, characterized in that during the regeneration step, the flow rate ratio 
of the organic washing phase (POL) to the partially regenerated aqueous phase (P APR) is between 0.1 and 
100. 

7. The process according to any one of the previous claims, characterized in that the organic extraction 
phase (POE) includes one or a plurality of organophosphorus compounds of the general formula: 

(I) Rm(R'O)nP=O 

where: 
• R represents a straight or branched alkyl group, 
• R' represents an R group or a possibly substituted aryl group, 
• Rand/or R' possibly containing one or a plurality of heteroatoms such as an oxygen atom, a halogen and/or 
a phosphorous atom, 
• m is an integer from 1 to 3 and n is equal to 0, 1 or 2 with m + n equal to 3, 
• all the R and R' substituents contain at least 12 carbon atoms in all. 
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8. The process according to any one of Claims 1, 4 and 7, characterized in that the organic washing phase 
(POL) contains one or a plurality of organophosphorus compounds of formula (1). 

9. The process according to any one of Claims 1, 4, 7 and 8, characterized in that the organic extraction 
phase (POE) and the organic washing phase (POL) have the same composition. 

10. The process according to any one of the preceding claims, characterized in that the organic phase from 
the additional step or the regeneration step is mixed with the organic extraction phase (POE). 

11. The process according to any one of the preceding claims, characterized in that the organic phase from 
the additional step or the regeneration step is reprocessed. 

12. The process according to any one of the preceding claims, characterized in that different steps are 
implemented by countercurrent extraction over a plurality of stages in mixer-decanter batteries. 

13. The process according to Claim 12, characterized in that all or part of the organic phase from the 
additional step or the regeneration step are introduced in the mixer-decanter battery stages of the extraction 
step. 

14. The process according to any one of the preceding claims, characterized in that before the regeneration 
step, the organic phase (PO) undergoes an intermediate washing with water and/or an aqueous solution 
containing sulfuric acid and/or titanium sulfate. 

15. The process according to any one of the preceding claims, characterized in that the aqueous regeneration 
phase (P ARo) contains sulfuric acid. 

16. The process according to any one of the preceding claims, characterized in that the organic extraction 
phase (POE) is placed in contact with sulfuric acid before and/or during the extraction step. 
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