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Method for Reclaiming Metal .Sulfate-Containing Was/ 

Sulfuric Acid 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for reclaiming 

waste sulfuric acid discharged from, for instance, a titanium 

oxide-production process. 

The so-called sulfuric acid method has been well-known as 

a method for preparing titanium oxide (titania) widely used as a 

coloring material. A large amount of waste sulfuric acid is 

discharged mainly from the solid/liquid separation step for 

titanium hydroxide ~uring the titanium oxide-production process 

and the waste sulfuric acid contains, for instance, Fe, Ti. Cr 

and V originated from ilmenite and titanium slug as raw 

materials for titanium. 

In the ·past. the waste sulfuric acid was neutralized and 

then hurried under the ground or dumped at sea ~n the form of 

gypsum. However. there has been required for the development of 

other .techniques for treating the waste sulfuric acid from the . . 
viewpoint of various problems. for instance. those concerning 

environmental pollution. insurance of the filled-up land for 

hurrying such gypsum and enomous expenses necessary for the 

post~treatment of the waste sulfuric acid. 

There have been a variety of proposals in response to such 

request. For instance, Japanese Un-examined Patent Publication 

(hereunder referred to as "J.P. KOKAI•) Nos. Hei 3-80103 and Hei 

3-88718 each discloses a method for removing impurities such as 
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Fe ions, which makes use of a solvent-extraction process. In 

these methods. however. the strongly acidic sulfuric acid 

solution per se is directly subjected to a solvent-extraction 

treatment. Therefore. Fe ions are, in fact, extracted in poor 

efficiency and the iron-containing component thus recovered also 

has low purity, in spite of the assertions of the inventors of 

the foregoing patents. Moreover, in these methods. trivalent 

iron ions are directly extracted and accordingly, the use of an 

acidic extraction agent would require a multistage extraction 

treatment because of the low extraction rate thereof. 

Under such circumstances, the inventors of this invention 

have developed a method for effectively recovering a highly 

concentrated sulfuric acid solution and filed a patent 

application. EP-Al-0541002, in which the aforementioned 

solvent-extraction method is improved so as to enhance the 

bivalent iron ion-removing efficiency. However. the sulfuric 

acid solution thus recovered is colored dark gre~n because of 

the presence of residual Cr and V which are converted into 

colored oxides and it is difficult to reuse the colored sulfuric 

acid s9lution in the process for preparing titanium oxide used. 

in particular. as a white pigment. 

Moreover. there has also been proposed a diffusive 

dialysis method. as a technique for treating the waste sulfuric 

acid. which makes use of an anion exchange membrane. However. 

if the waste sulfuric acid is treated through the diffusive 

dialysis. particles are deposited on the surface of the ion 

exchange membrane immediately after putting the dialyzer in 

operation and this leads to the quality-deterioration of the 
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membrane and the breakage of the membrane due to deposition of 

the particles within the membrane. For this reason, if the 

foregoing phenomenon occurs during the operation of the device 

over a long time, the deposits should be removed by washing the 

anionic exchange m~mbrane wi·th an agent capable of washing them 

away. 

To eliminate the problem of poor efficiency, J.P. KOKAI 

No. Hei 2-153806 proposes a method for recovering sulfuric acid 

present in a titanium-containing waste sulfuric acid solution 

while setting the solution against water in.a multistage 

diffusive dialysis tank equipped with an anion exchange 

membrane wherein the solution and water are countercurrently 

supplied to the dialysis tank. In other words. the former is 

passed, through the tank. from the front stage to the rear 

stage, while the latter is passed therethrough from the rear 

stage to the front stage. 

This method permits the elimination of the step for 

washing the anion exchange membrane and a decrease in the degree 

of quality-deterioration of the membrane, but the membrane 

shoul~ be washed every 10 days as is described in Examples of 

the pa tent. Therefore. the method should further be improved in 

its efficiency. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve the 

foregoing problems and to provide a method for efficiently and 

easily regenerating a sulfuric acid solution having a high 

concentration and a low impurity content from metal sulfate-
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containing waste sulfuric acid and waste liquor formed during 

acid cleaning which are discharged from the process for 

preparing titanium (IV) oxide according to the sulfuric acid 

met hod. 

According to the present invention. the foregoing object 

can be accomplished by" removing titanium present in a metal 

sulfate-containing waste sulfuric aci.d solution through a 

solvent-extraction treatment and then subjecting the solution, 

from which titanium is extracted, to a diffusive dialysis 

treatment. 

It is preferred to backwardly extract the titanium thus 

extracted by bringing the organic solvent obtained through the 

solvent-extraction and.containing titanium into contact with an 

alkaline solution to thus convert the titanium into an 

insoluble compound through the backward extraction: to bring the 

organic solvent obtained after the removal of titanium into 

contact with the remaining solution obtained after the 

diffusive dialysis treatment for regenerating the organic 

solvent through the backward extraction of the alkali ions into 

the aq~eous phase; and to reuse the regenerated organic solvent 

in the solvent~extraction process for reclaiming the waste 

sulfuric acid. 

Moreover, it is desirable that the waste sulfuric acid 

solution be optionally filtered with cooling to control the 

concentration of free sulfuric acid present therein prior to 

the solvent-extractidn of the solution. 

The method for reclaiming metal sulfate-containing waste 

sulfuric acid according to the present invention basically 
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comprises the step of effectively removing principal impurities 

such as iron. titanium, chromium and vanadium to thus reclaim 

the solution into highly concentrated sulfuric acid which can 

widely be reused. 

Among these impurities, titanium ions are included in. for 

instance. the waste sulfuric acid solution discharged from the 

titanium oxide-production process in an amount ranging from 2 to 

10 g/£ (these ions are dissolved therein mainly in the form of 

Ti0-S04 and partially in the form of Ti2(SQ4)3). Easily 

hydrolyzable tetravalent titanium ions. among others. can form 

titanium oxide particles which may become a cause of quality­

deterioration and breakage of an ion exchange membrane through 

deposition thereof. on the surface of the ion exchange membrane 

and within the membrane during the diffusive dialysis 

treatment. For this reason. the removal of these ions is 

indispensable for industrially applying the diffusive dialysis 

method to the reclamation of the metal sulfa~e-containing waste 

sulfuric acid. The inventors of this invention have found out 

that the formation of titanium oxide particles on an ion 

exchan~e membrane can substantially be inhibited if the titanium 

content in the solution is. in advance, reduced to a level of 

not more than 0. 5 g/ P,. through solvent-extraction. The 

titanium com·panents remaining even after the solvent-extraction 

are mainly composed of trivalent titanium idns which are less 

hydrolyzable as compared with tetravalent titanium ions. 

Therefore, the was~e solution obtained after the solvent­

extraction treatment may directly be subjected to a diffusive 

dialysis treatment without impairing the intended effect of the 
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method to thus give a sulfuric acid solution having a low 

content of impurities such as chromium and iron. In particular. 

it is desirable to remove solid contents present in the waste 

solution obtained after the solvent-extraction through micro 

filtratio'n prior to the diffusive dialysis.thereof. Moreover. if 

the organic solvent still remains in the waste solution. it is 

desirable to remove the remaining organic solvent by bringing 

the was t e so 1 u t i on i n t o cont a c t w i th. for i n s tan c e. a c ti vat e d 

carbon. 

If the method of the present invention is used for 

reclaiming waste sulfuric acid, the method can be carried out 

according to the batchwise process in which a complete waste 

solution as a wast~ acid solution is treated or the so-called 

continuous recovery process which comprises the steps of 

continuously withdrawing a waste sulfuric acid solution from. 

for instance. a titanium oxide-production process. recovering 

the acid and.simultaneously separating and removing metal salts 

separated from the solution. but the continuous recovery 

process is generally preferred since the organic solvent used in 

the so~vent-extraction treatment can be regenerated by removing 

titanium components through backward extraction with an alkali 

solution. 

The extraction of titanium ions is carried out using, for 

instance, an acidic organophosphoric acid compound. a carboxylic 

acid, a sulfonic acid or hydroxy oxime, as has been well-known 

i n the a r t. Among the a c id i c or g a·n op hosp ho r i c a c i d compounds, 

acidic phosphoric acid diesters are particularly preferred. 

Titanium ions extracted with. for instance, an acidic 
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organophosphoric acid compound are backwardly extracted with, 

for instance. an alkali solution such as an ammonium carbonate 

solution and recovered in the form of. for instance, hydroxide. 

The titanium compound can be fired to give titanium oxide after 

the recovery thereof. The product can be used as a raw material 

for titanium. 

Ferrous sulfate can be crystallized and the sulfuric acid 

concentration of the waste solution can be controlled to a level 

favorable for the diffusive dialysis treatment by filtering the 

waste sulfuric acid solution with cooling prior to the solvent­

extraction treatment thereof. 

In the method of the present invention. titanium 

components present in the metal sulfate-containing waste 

sulfuric acid solution is removed through the solvent-extraction 

treatment prior to the diffusive dialysis treatment of the 

waste solution and thus the waste sulfuric acid solution can 

quite efficiently and easily be reclaimed to give a sulfurfc 

acid solution having a low content of· impurities such as iron. 

while using the diffusive dialysis method which conventionally 

has a ~ifficulty in efficiency. Moreover, the diffusive dialysis 

method permits the removal of components such as chromium and 

vanadium which cannot be removed by the solvent-extraction 

method. The removal of such components is quite beneficial from 

the viewpoint of environmental sanitation. 

In particular, the method of the present invention has 

high industrial value. This is because the method permits 

effective recovery of sulfuric acid from a metal sulfate­

containing waste sulfuric acid solution in a closed system and 

·. 
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the reuse thereof and also permits the prevention of any 

environmental pollution by bringing an organic solvent 

containing extracted titanium and obtained through a solvent­

extraction treatment into contact with an equal amount of an 

alkali solution tci thus backwardly extact titanium and to 

convert it into an insoluble compound; bringing the organic 

solvent obtained after the titanium extraction into contact 

with the liquid remaining after the dialysis formed during a 

diffusive dialysis ·treatment to thus regenerate the organic 

solvent through backward extraction of alkali ions into the 

aqueous phase: and using the regenerated organic solvent in the 

solvent-extraction process for reclaiming the waste sulfuric 

acid solution. In ad.dition. titanium. scandium or the like can 

be recovered as by-products and therefore. the method of the 

present invention is likewise quite beneficial from the 

viewpoint of effective use of resources. 

If the waste sulfuric acid solution is filtered with 

cooling prior to the solvent-extraction. iron sulfate can 

easily be obtained as well. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The only figure attached hereto is a graph showing the 

relation between the titanium concentration of the solution 

obtained by the solvent-extraction treatment and the recovery 

of free sulfuric acid or the rate of chromium removal observed 

during the diffusive dialysis treatment~ 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

·.:.:: ·--- ···---·- ...... . ... ---- ---- ·-· 
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Examples of the present invention will hereunder be 

described. but the present invention is not restricted to these 

specific Examples. 

Example 1 

An amount of IO J, of a waste sulfuric acid solution 

discharged from a t1tanium oxide-production process carri~d out 

according to the sulfuric acid method which had an Fe content 

of 30g/2 (as expressed in terms of the amount of bivalent and 

trivalent iron ions). a Ti content of 2 g/ £ (titanium ions). a 

Cr content of 0.1 g/ i (chromium ions). a V content of 0.15 g/ £ 

(vanadium ions). an Sc content of 14mg/~ (scandium ions) and a 

sulfate content of 310 g/£ (sulfate ions) was brought into 

contact with 10£ of I mol/.2 solution of di-2-

ethylhexylphosphoric acid in kerosine over 20 minutes to thus 

extra~t titanium ions and scandium ions present in the aqueous 

phase into the organic phase. The solvent-extraction treatment 

gave 10 £ of a'solvent-extracted solution which had an Fe 

content of 30g/£ (iron ions). a Ti content of O.Olg/.2 

(titanium ions), a Cr content of 0.1 g/£ (chromium ions), a V 
' 

content of 0.15 g/ £ (vanadium ions), an Sc content of not more 

than 1 mg/£ (scandium ions) and a sulfate content of 310 g/ £ 

(sulfate ions). The rate of recovery and removal of titanium 

and scandium was found to be 99%. 

Then the solution thus treated was supplied to a dialysis 

chamber of a diffusive dialysis device at a flow rate of 240 

ml/hr at ordinary temperature, while water was supplied to a 

recovery chamber of the device separated from the dialysis 

·. 
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chamber by an anion exchange membrane at a flow rate of 150 

ml/hr. the solution and water were circulated through each 

correspondin~ chamber over 20 hours .. As a result. there were 

recovered 2. 98 £ of a recovered solution which had an Fe 

· content of 2. 1 g/ £ (as expressed in terms of the amount of Fe 

ions), a Ti content of not more than O.OOlg/£ (Ti ions), a Cr 

content of 0. 006 g/ £ (Cr ions)~ a V content of 0. 014g/ £ CV 

ions) and a sulfate content of 305g/ JI, (sulfate ions) and 4. 6 £ 

of a solution remaining after the dialysis which had an Fe 

content of 29. 8 g/ JI, (Fe ions). a Ti content of 0. Olg/ £ (Ti 

ions), a Cr content of 0.1 g/ £ (Cr ions). a V content of 

0.147g/ £ CV ions) and a sulfate content of 125. 8g/ .R, (sulfate 

ions). The recovery of free sulfuric acid. the ·rate of chromium 

removal and the rate of vanadium removal were found to be 70%. 

96% and 94%. respectively. 

Moreover. 10 JI, of the organic phase recovered through the 

foregoing solvent-extraction treatment was brought into contact 

with an aqueous phase comprising 0.2mol/£ of ammonium carbonate 

aqueous solution and 2 mol/£ of aqueous ammonia over 20 

minut~s. then precipitates formed in the organie phase were 

filtered off and dried to thus give 58.6 g of a mixture 

comprising titanium and scandium (having a Ti content of 32.4% 

and an Sc content of 0. 18%). The recoveries of Ti and Sc were 

found to be 95.% and 75%. respectively. 

The foregoing organic solvent (12 £) whose volume was 

changed through the backward extraction was brought into 

contact with the same volume of the solution remaining after the 

diffusive dialysis treatment over 20 minutes to backwardly 
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extract the alkali ions present in the organic phase into the 

aqueous phase and to thus give 10 £ of the organic solvent. The 

organic solvent thus recovered was again brought into contact 

with a waste sulfuric acid solution discharged during a 

titanium oxide-production process and as a result. it was found 

that the recoveries of titanium and scandium reached 99%. 

Example 2 

An amount of 10 £ of a waste sulfuric acid solution 

discharged from a titanium oxide-production process .carried out 

according to the sulfuric acid method which had an Fe content 

of 36.5g/£ (as expressed in terms of the amount of bivalent 

and trivalent iron ions), a Ti content of 3 g/£ (titanium ions) 

, a Cr content of 0.2 g/£ (chromium ions). a V content of 0. 6g/ 

£ (vanadium ions). an Sc content of 20mg/ £ (scandium ions) and 

a sulfate content of 370 g/£ (sulfate ions) was cooled to 0 °C 

to give 960 g of FeS04 ·7H20 (having an Fe content of 18.8%. a· 

Ti content of 0. 04%. a Cr content of 0. 002%. a Y content of 

0.002% and a sulfate ion content of 33.9%) . 

. After crystallizing FeS04 ·7H20 through the cooling 
' 

treatment. the waste solution was filtered and 9.5£ of the 

resulting filtrate which had an Fe content of 19.4g/£ (iron 

ions), a Ti content of 3.1 g/ £ (titanium ions), a Cr content 

of 0. 2 g/ £ (chromium ions), a V content of 0. Sg/ £ (vanadium 

ions), an Sc content of 20mg/ £ (scandium ions) and a sulfate 

content of 355 g/£ (sulfate ions) was brought into contact 

with 9. 5 £ of 1 moll£ solution of di-2-ethylhexylphosphoric 

acid in kerosine over 20 minutes to thus extract titanium ions 

: 
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and scandium ions present in the aqueous phase into the organic 

phase. The solvent-extraction treatment gave 9.5£ of a solvent­

extracted sol"ution which had .an Fe co.ntent of 19. 4g/ £ (iron 

ions). a Ti content of O.Olg/£ (titanium ions). a Cr content 

of 0. 2 g/ £ (chromium ions). a V content of 0. 6g/ JI, (vanadium 

ions). an Sc content of not more than 1 mg/£ (scandium ions) 

and a sulfate content of 355 g/ fl (sulfate ions). The rate of 

recovery or removal of titanium. scandium was found to be 99%. 

Then the solution thus treated was supplied to a dialysis 

chamber of a diffusive dialysis device at a flow rate of 230 

ml/hr at ordinary temperature, while water was supplied to a 

recovery chamber of the device separated from the dialysis 

chamber by an anian exchange membrane at a flow rate of 250 

ml/hr to thus circulate the solution and water through each 

corresponding chamber over 20 hours. As a result. there were 

recovered 2.45fl of a recovered liquid which had an Fe content 

of 1. 8 g/ fl (as expressed in terms of the amount of Fe· ions). a 

' Ti content of 0. OOlg/ .R. (Ti ions), a Cr content of 0. Olg/ .R. (Cr 

ions). a V content of 0.05 g/£ CV ions) and a sulfate content 

of 246..g/ .R. (sulfate ions) and 2. 37 fl of a solution remaining 

after the dialysis which had· an Fe content of 16. 9 g/ £ (Fe 

ions). a Ti content of 0.008 g/£ (Ti ions), a Cr content of 

0.18g/ £ (Cr ions), a V content of 0. 53 g/ .R. CV ions) and a 

sulfate content of 90. 2 g/ i (sulfate ions). The recovery of 

free sulfuric acid. the rate of chromium removal and the rate 

of vanadium removal were found to be 80%. 92% and 91%. 

respectively. 

Moreover, 9. 5 £ of the organic phase recovered through 
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the foregoing solvent-extraction treatment was brought into 

contact with an aqueous phase comprising 0.2mol/£ of ammonium 

carbonate aqueous solution and 2 mol/£ of aqueous ammonia over 

20 minutes to backwardly extract titanium ions and scandium 

ions present ·in the organic phase into the aqueous phase in the 

form of hydroxides. After allowing the aqueous phase to stand 

for 20 minutes. the precipitates formed therein were filtered 

off and dried to thus give 85.8 g of a mixture comprising 

titanium and scandium (having a Ti content of 33.2% and an Sc 

conterit of 0.2%). The recoveries of Ti and Sc were found to be 

95% and 85%. respectively. 

The foregoing organic solvent (11. 4 £) whose volume was 

changed through ~he backward extraction was brought into 

contact with the same volume of the solution remaining after the 

diffusive dialysis treatment over 20 minutes to backwardly 

extract the alkali ions present in the organic phase into the 

aqueous phase and to thus give 9.5£ of the organic solvent. The 

organic solvent thus recovered was again brought into contact 

with a waste sulfuric acid solution discharged during a 

titani~m oxide-production process and as a result, it was found 

that the ·recoveries of titanium and scandium reached 99%. 

Example 3 

A waste sulfuric acid solution discharged from a titanium 

oxide-production process performed according to the sulfuric 

acid method which had an Fe content of 30g/£ (as expressed in 

terms of the amount of bivalent and trivalent Fe ions), a Ti 

content of 2 g/ £ (Ti ions). a Cr content of 0. 2 g/ £ (Cr ions) 
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and a sulfate content of 300 g/£ (sulfate ions) was 

continuously brought into contact with an organic solvent 

comprising a solution of di-2-ethylhexylphosphoric acid (D2EHPA) 

in kerosine, whose concentration was variously changed, under 

the same conditions used in Example 1. over 30 days. Table 1 

given below shows titanium concentrations of the solutions 

obtained through the foregoing solvent-extraction treatment. 

Table 1 

D2EHPA Concn. of the Organic 

Solv. Brought into Contact With 

the Waste Solution (moll£) 

2 

1. 5 

1 

0. 5 

0. 1 

untreated 

Ti Concn. of the 

Solution Treated 

(g/ P.) 

0.01 

0. 06 

0. 1 

0. 3 

1. 4 

2 

;Fig. 1 shows the results observed when the foregoing 

solution obtained after the solvent-extraction was subjected to 

the diffusive dialysis treatment. These results indicate that 

sulfuric acid can efficiently be recovered from waste sulfuric 

acid solutions by the diffusive dialysis treatment if titanium 

concentration of the waste solution is reduced to a level of 

not more than 0. 5 g/ £. Moreover, it can also be confirmed that 

the diffusive dialysis treatment permits the effective removal 

of chromium. 



1 

What is claimed is: 

1. A me tho d for rec 1 aim i n g a me ta 1 s u If ate-con ta i n i n g was t e 

sulfuric acid solution comprising the steps of subjecting the 

waste sulfuric acid solution to a solvent-extraction treatment 

to remove titanium pre~ent therein and then subjecting the 

solution obtained after the extraction to a diffusive dialysis 

treatment. 

2. The method for reclaiming a waste sulfuric acid solution 

as set forth in claim I wherein an organic solvent used in the 

titanium-extraction through the solvent-extraction treatment is 

brought into contact with an alkali solution to backwardly 

extract the titanium and to convert it into an insoluble 

compound; the organic solvent obtained after the titanium-

extraction is brought into contact with an aqueous solution 

remaining after the diffusive dialysis treatment to backwardly 

extract the alkali ions into the aqueous phase to regenerate 

the organic solvent: and the regenerated organic solvent is used 

in the solvent-extraction process for reclaiming the waste 

sulfuric acid solution. 

3. ~he method for reclaiming a waste sulfuric acid solution 

as set forth in claim 1 or 2 wherein the waste sulfuric acid 

solution is cooled to precipitate iron sulfate, then the 

precipitates are filtered off to control the free sulfuric acid 

content in the waste solution to 15 to 35% by weight and 

thereafter the filtrate is subjected to a solvent-extraction 

treatment. 
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