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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 during 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 neutrélized and
then burried under the ground or dumped at sea «in 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
burrying 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
reqdest. For instance, Japanese Un-examined Patent Publication
(hereunder referred to as “J.P. KOKAI") Nos. Héi 3-80103 and Hei

3-88718 each discloses a method for removiné impurities such as
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In the past, the waste sulfuric acid was neutralized and then burried under
the ground or dunped at sea in the formof gypsum However, there has been
required for the devel opnent of other techniques for treating the waste

sul furic acid fromthe viewpoint of vard ous problens for instance, those
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Hei 3-88718 each discloses a method renmoving I npurities such as
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met hods, however, the strongly acidic sulfuric acid solution per se is
directly SUbJsEfohederi@y andot veritrogxédipQlin®g 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 difectly 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-A1-0541002, 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 green because of
the presence of residual Cr and V'which are Eonverted into
colored oxides and it is difficult to reuse the colored sulfuric
acid solution 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 imﬁediately after putting the dialyzer in

operation and this leads to the quality—deterioratibn of the
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anionic exchange mémbrane with 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 fecovering 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 eXxchange
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 gof
washing the anion exchange membrane and a decrease in the degree
of quality-deterioration of the membrane, but the membrane
sh0d1¢ be washed every 10 days as is described in Examples of
the patent. 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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acid solution thus recovered is colored dark green 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 solution in the process for
preparing titani umoxide used. in partdcular, as a white pignent.

Moreover, there has al so been proposed a diffusive dialysis nethod, as a
techni que fotodtredatinggwabee vasltfarsol duid andawadte whique rmikesedséumfigan

ani on exchange nenbrane. However, if the waste sulfuric acid is treated
through the a¢fduel eanidigalRydics, apraertdlcﬂc‘dsaras@d depomi t kel Bnocksssdwoirace of
the ion exchange nenbrane i diately after putting the dialyzer in
operation anHetWﬂl‘s}ﬂlgeatdstaﬂlé)umlwué’lxllld? gecerd gitattictofhef sehburic acid

method.

. According to the present invention, the foregoing object
can be accomplished by removing titanium present in a metal
sulfate-containing waste sulfuric acid 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 én
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 ohtained after the
diffusive dialysis treatment for regenerating the organic
solvent through the backward extraction of the alkali ions into
the aqueous phase; and to reuse the regenerated organic solvent
in the solvent-extraction process for reclaiming the waste
sulfuric acid.

More&ver. it is desirable that the waste sulfuric acid
solution be optionally filtered with coocling to control the
concentration of free sulfuric acid present therein prior to
the solvent-extraction of the solution.

The method for reclaiming metal sulfate-containing waste

sulfuric acid according to the present invention basically
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3 nmenbrane and the breakage of the nenbrane due to deposition of the
particles within the nenbrane. For this reason, if the foregoing
phenonenon occurs during the operation gf the device over a long tine,

deposits shoul d be renmoved by washing the

t he

ani oni ¢ exchange nenbrane with

an agent capabtémpdfisemsthagtepest eaytively remd@imdd iphineim it happr philegm of
poor efficiency, J.P. KOKAl No. Hei 2-153806 proposes a nethod for
recovering sul §uch @sadirdn, pt etsavitum, nchr émiwmniand: ¢omddium ng Wass er eadlafiar i c

acid sol ution

while setting the solution against water in a nultistage

di ffusive dial {is¢ sotlarik o= qim jpped ghil ¥ hc emc emlirart edxshbfwgd c 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 tfo
10 g/ £ C(these ions are dissolved therein mainly in the form of
Ti0-S0. and partially in the form of Ti.(S0.)s). 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 thereaf 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 sulfate-containing waste
sulfuric acid. The inventors of this invéntion have found out
that the formation of titanium oxide particles on an ion
exchange membrane can substantially be inhibited if the titanium
content in the solution is, im advance. reduced to a level of
not more than 0.5 g/ £ through solvent-extraction. The
titanium components remaining even after the solvent-extraction
are mainly composed of trivalent titanium ions which are less
hydrolyzable as compared with tetravalent titanium ions.
Therefore, the waste 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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menbrane wherein the solution and water are countercurrently supplied to
the dialysis tank. In other words, the fornmer is passed, through the tank,
fromthe front. stage to the rear st age, while the latter is passed

t herethrough fromthe rear stage to the front stage. Thi s met hod
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improved in {5 eilsGr8P¢Y to remove solid contents FHORRY ¥ THE JINENTI ON
solution obtained after the solvent-extraction through micro
filtration 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'sqlvent by bringing
the waste solution'into contact with, for instance, activated
carbon. |

If the method of the present invention is used for

reclaimiﬁg waste sulfuric acid, the method can be carried out
according to the batchwise process in which a complete waste
soclution as a wastg 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 ﬁrocess. recovering
the acid and simultaneously separating and removing metal salts
separatéd from the solution, but the continuous recovery
process is generally preferred since the organic solvent used in
the solvent-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.carhoxylic
acid, a sulfonic acid or hydroxy oximé. as has been well-known
in the art. Among the acidic organophosphoric acid compounds,
acidic phosphoric acid diesters are particularly preferred.

Titanium ions extracted with, for instance, an acidic
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It is,an object of the present invention to solve the foregoing problens
and to provide a nethod for efficiently and easily regenerating a sulfuric
acid solution-having a high concentration and a low inpurity content from
metal sulfate- 7 4 containing waste

sul furic acid oYRSBhbF AU i[dOCBRElo Y 1278 b@EkﬁhﬂHl%a@k@gaﬁbédﬂhﬁ%me

di scharged fromthe process for preparing titanium (I'V) oxide according to
the sulfuric pei dnsiBROOd.an alkali ACORMAbATsdch aRCaPrARRMT unN¥SABdmANe the

foregoi ng object can be acconplished by renoving titaniumpresent in a

met al solution and récovered in the form of, for instance, hydroxide.
The titanium compound can be fired to give titanium oxide after
the recove}y thereof. The product can be used as a raw material
for titanium. .

Ferrous sulfate can be crystallized and the sulfuric acid
concentration of the ﬁaste 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 treafment 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 efficiéntly and easily be reclaimed to give a sulfuric
acid solution having a low content of impurities such as ifbn,
while using the diffusive dialysis method which conventionally
has a difficulty 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 a2 closed system and
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sul f at e-contai ning waste sulfuric acid solution through a

sol vent-extraction treatnment and then subjecting the solution, from which
titaniumis extracted, to a diffusive dialysis treatnent. It is
preferred to backwardly extract the ti 8ani um thus extracted by bringing

Hant om 1 Qo o 0 TeefE ohte FEREEE boRucP! £RE Y ™
a3 SagaTRRUE AP PRI ST R FER R
contact o LSRR A cigleL et A angeth g Wb gLl v
extraction qfyitrhetabkatied Gt 7h@o contact with an equal amount of an
alkali solution td 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 afier 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 addition, 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 ard the recoveryh
of free sulfuric acid or the rate of chromium removal observed

during the diffusive dialysis treatmentﬁ

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
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t he agueous phase: and to reuse the regenerated organic solvent in the
sol vent-extraction process for reclaimng the waste sul furic acid.
Moreover, it is desirable that the waste sulfuric acid solution be
optionally filtered with cooling to control the concentration of free

sulfuric acid presydmgNés edn Hed Qrdsen ff Nigh e MR waXIr AGlden d@fr hhe
sol uti on. The nmethod for reclaimng netal sulfate-containing waste

sul furic acidbsee¢bed, guit aht heregreaseiiventient i omotasesttioted to these
5 conprises the step of effectively renmoving principal inmpurities
specific Examples.

Example 1

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 contenf
of 30g/¢ (as expressed in terms of the amount of bivalent and
trivalent iron ioms), a Ti content of 2 g/2 (titanium ions), a
Cr content of 0.1 g/2 (chromium ions). a V content of 0.15 g/ 2
(vanadium ions), an Sc content of 14mg/ ¢ (scandium ions) and a
sulfate content of 310 g/ £ (sulfate ions) was brought into
contact with 102 of 1 mol/ £ solutionm of di-2-
ethylhexylphosphoric acid in kerosine over 20 minutes to thus
extract titanium ions and scandium ions present in the aqueous
phase into the organic phase. The solVént—extraction treatment
gave 10 £ of a solvent-extracted solution which had an Fe
content of 30g/¢ (}ron ions). a Ti content of 0.01g/ 2
(titanjum ions), a Cr content of 0.1 g/£ (chromium ioms), a V
content of 0.15 g/ ¢ (vanadium ions), an Sc content of not more
than 1 mg/ 2 (scandium ions) and a sulfate content of 310 g/ 2
(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 a2 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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such as iron, titanium chrom um and vanadiumto thus reclaim the solution
into highly concentrated sul furic acid which can widely be reused.

Anong these inmpurities, titaniumions at@ included in, for instance, the
waste sul furic acid solution discharged fromthe titani um oxi de- producti on

Process in an agppd. r %mngn169”b%c59?g€1héMﬂﬁ#ﬂd aQtEGFFowoﬁété”é¥ 150

di ssol ved thereirn main In the formo SOJerr] and partially in the

formof Ti[errh{sk erfﬂa [setﬂrdt)l onEasid! wvatféydav@lr)ézabf@uI@H@Vﬂ{mgﬂ i la@ UM
ions, anong others, can form titanium oxide particles which nay becone a

cause of quali tyrrestairﬂrlln@r ahaobe angh dar @dkhgersf A d grselchatiger ererdareane

t hrough deposition thereof on the surface of the ion exchange nenbrane

and within thereeobeneé 2U88 ng thE aifécsveredisdstiion 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 0.001g/¢ (Ti ions), a Cr
content of 0.006 g/ 2 (Cr ioms), a V content of 0.01dg/ 2 (V¥
ions) and a sulfate content of 305g/2 (sulfate ions) and 4.6 2
of a solution remaining after the dialysis which had an Fe
content of 29.8 g/£ (Fe ions), a Ti content of 0.01g/£ (Ti
ions), a Cr content of 0.1 g/£ (Cr ions), a V content of
0.147g/ 4 (V ions) and a sulfate content of 125.8g/2¢ (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, 102 of the organic phase recovered through the
foregoing s&lvent-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, then precipitates formed in the organic 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 soldtion remaining after the

diffusive dialysis treatment over 20 minutes to backwardly
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treat.nment. For this reason, the renoval of these ions is indispensable for
i.ndustrially applying the diffusive dialysis 'nethod to the reclamation of
the netal sulfate-containing waste sulfuric acid. The inventors of this

i nvention have found out that the fothmtion of titani um oxide particles on

an ion exchange cterheagek£BN 1%W§Sbﬁé‘§érﬁﬂ Ii% hﬁelahgémtce@hafset Pt d ittpani um
content in the solution is, in advance, reduced to a |l evel of not nore

than 0.5 g/ :{cﬂrerohstifﬂmeghnao{o/&mnsegdvreaw @n.ofThRe drighant usvle@Aporket s
remai ni ng even after the solvent-extraction are mainly conposed of
trivalent tideganim sobgsemhi dtusarechbessed hwadr algy i mbb o wegd tcdmpar ech taictth
tetravalent titaniumions. Therefore, the waste sol ution obtai ned after
the sol vent -Wi gtz agesdn suddumdnt avdy dialectiyn béi sebgegeddduosiagdiaf f usi ve
titanium oxide-production process and as a result, it was found

that the recoveries of titanium énd 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/2 (as expressed in terms of the amount of bivalent
and trivalent iron jons), 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 FeSQ. -TH.0 Chaving an Fe content of 18.8% a
Ti content of 0.04%, a Cr content of 0.002%, a V content of
0.002% and a sulfate ion content of 33.9%).

JAfter crystallizing FeS0. -7H:0 through the cooling
treatment, the waste solution was filtered and 9.5£2 of the
resulting filtrate which had an Fe content of 19.4g/¢ C(iron
ions), a Ti content of 3.1 g/ £ (titanium ions), a Cr content
of 0.2 g/£ (chromium ions), a V content of 0.6g/2 (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 mol/£ solution of di-2-ethylhexylphosphoric
acid in kerosine over 20 minutes to thus extract titanium ioms
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dialysis treatment without inpairing the intended effect of the

6 mnmethod to thus give a sulfuric acid solution having a | ow content of
inpurities such as chromiumand iron. In particular, it is desirable to
renove solid contents present in the waslé solution obtained after the

sol vent-extractaba)%qlrd%ghi ;§rp?teﬁgﬁ{tinatt518na é;?gét}’%sltﬁhﬁn%fwesio\(_gan%%e

;
di al ysis thereo reover, e organic s remains in

paste solut’ ONphade ! Thedes! Jehltl€xtdtTORVr dalifieh £THAWE! 95 PF 82 Csriqkiert by
ging the waste solution into contact with, for instance, activated
car bon. extracted solution which had .an Fe content of 19.4g/2 (iron
ions), a Ti content of 0.01g/£¢ (titanium iomns), a Cr content
of 0.2 g/£ C(chromium ions), a V content of 0.6§/£ (vanadium
ions), an Sc content of not more thanm 1 mg/£ (scandium ions)
and a sulfate content of 355 g/ £ (sulfate ions). The rate of
recovery or rémoval 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 anion 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 2.452 of a recovered liquid which had an Fe content
of 1.8 g/ ¢ -(as expressed in terms of the amount of Fe ions), a
Ti content of 0.001g/£ (Ti ioﬁs), a Cr content of 0.01g/£ (Cr
ions), a V content of 0.05 g/ £ (V ions) and a sulfate content
of 246g/2 (sulfate ions) and 2.37£ of a solution remaining
after the dialysis which had - an Fe content of 16.9 g/ 2 (Fe
ions), a Ti content of 0.008 g/¢ (Ti ions), a Cr content of
0.18g/2 (Cr ioms), a V content of 0.53 g/ £ (V ions) and a
sulfate content of 90;2 ¢/ (sulfate ions). The recovery of
free sulfuric acid, the rate of chromium removal and the rate
of vanadium removal were found to be 80X, 92% and 91%.
reSpectively; |

Moreover, 9.5 £ of the organic phase recovered through
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I f the, method of the present invention is used for reclaimng waste
sulfuric acid, the nethod can be carried out according to the batchw se
process in which a conplete waste solubjon as a waste acid solution is
‘treated or the so-called continuous re 3very process which conprises the

steps of cont gﬂyfggﬂngf%anﬂf;%ggrggwgaq-@x\e@ée?1 sl { e d i q'a%_ob%hgﬂt f10rp

for instance, roducti on process, recovering e acid and

si mul taneous! y o sepalialy B A0ChquABBY| PP cnpeabifg omBIALCDH BARLA T

sol ution. but the continuous recovery process is generally preferred since
the organi ¢ sokyeignaisetlqidbust 861601 MeAhdeXtiEGt 2 00f ta@abUB Mm@ abever

regenerated by renoving titanium conponents through backward extraction

with an al kali 20s@imifen.to backwardly extract titanium ions and scandium
ions present 'in the organic phdse 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 nizture comprising
titanium and scandium C(having a Ti content of 33.2% and an Sc
content 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 the backward extraction was brought inte
contact with the same volume of the solution remaining after the
diffusive dialysis treatment over 20 minutes to backwardly
extract the alkali ionms 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 éulfuric 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 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/ 2 (Cr ions)
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The extraction of titaniumions is carried out using, for instance, an
aci di ¢ organophosphoric aci d-conpound, a carboxylic acid, a sulfonic acid
or hydroxy oxime, as has been well-kno inthe art. Anong the acidic

or ganophosphori c acid conpounds, acidic phosphoric acid diesters are
particularly prehdrraedcsulfate clotbenbmoiforsd exgs dct €dudiftat e f dob nisstwense,
an acidic 7 organophosphoric acid
conpound are backwdidupuelyrdcvedhwi ihtfo tontandtantle, amonddmi ¢ sol vei bn
such as an ammoni um car bonate sol ution and recovered in the formof, for

i nstance, hydroxp@erising 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 Comcn. of the Organic Ti Concn. of the
Solv. Brought into Contact With Solution Treated
the Waste Solution  (mol/Z) (g/2)

2 0.01

1.5 0.06

1 0.1

0.5 0.3

0.1 1.4

untreated 2

JFig. 1 shows the results observed when the foregoing
solufion 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.
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The ti,tani um conpound can be fired to give tltanlun1OX| e aft

The product can be used as a raw maté eet
Ferrous sulfate can be crystallized andythe sulfuric aci ﬂ, on of
t he waste solution can be controlled to a level favorabi

recovery thereof.

di ffusive di agpasi $

stépaigganis by filtering the waste sulfuric aC|d sol ution

with cooling prior to the solvent- extraction treatnent thereof. .
In the methodi of themptieeeTlor rBYENEMiAE a b taNiswWIfacONPANENE SnPriasaBt in
the netal sulfate-containing waste sulfuric acid solution is renoved

t hrough the solManrticeatidcddlartionr eanpridiny ithe soeihefdistdjist Vingitaleysi s

treatnment of the

wast e solution and thus the waste sulfuric acid solution

can

waste sulfuric acid solution to a solvent-extraction treatment
to remove titanium present 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 1 wherein an organic solvent used in thej

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. The 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 2 solvent-extraction

treatment.
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quite efficiently and easily be reclainmed-to give a sulfuric acid solution
havi.-ng a | ow content of inpurities such as iron, while using the diffusive
di al ysis met hod which conventionally has a difficulty in efficiency.
Moreover, the diffusive dialysis nethod permits the renoval of conponents
such as chrom um and vanadi um whi ch cAfI@ACBe renoved by the

sol vent-extraction nethod. The renoval of such conponents is quite
beneficial from tH@IvitBapwinossf obned rigrisahd &l anhasaly oregenerating ra
particul ar, the thod of, th resent,inven&Lon has high .industrial value.
This is becauSkl ‘hrel(i’r@t%@dsﬁil“ o% hakimge @i NdsReeOVANL IS ign £Odi % K d

froma metal sul fate- contai.ni ng waste su ric acid.solution i a cl osed
system and Impurity congknt fromgh mé%a? suig£1e—con aining waste squur1c

acid solution and waste liquor formed during acid cleaning which
are discharged from titanium (IV) oxide-production process
carried out according to the sulfuric acid method, titanium
present in the metal sulfate-containing waste sulfuric acid
solution is removed through a solvent-extraction treatment and
then the solution obtained after the solvent-extraction is

subiected to a diffusive dialysis treatment.

. | THIS SHEET HAS BEEN
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8 the reuse thereof and also permts the prevention of any environnental
pold Ution by bringing an organic solvent containing extracted titani um and
obt ai ned through a solvent- extracijpn treatnent into contact with an
equal amount of an alkali solution to thus backwardly extact titanium and
to convert it into an insoluble conpound; bringing the organic solvent
obtai ned after the titaniumextraction into contact wth the liquid

remai ning after the dialysis goremed dhyfFbmpum di ffusive dialysis treatnent
to thus regenerate the organi al,v t hrough backward extracti on of
alkali ions into the 98 ema¥31Y (%) ’
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aqueous phase; and using the regenerated organic solvent in the
sol vent -extraction process for reclaimng the waste sulfurlc aC|d

solUtion. In addition, titanium sca umor th ered
by- pr oduct s and therefore t he met hod™of the pr |s | "ke
“qui te benef Vi ewpoi nt of effectlve use of resources

If the mas&baLdﬁfﬁ @ H;solution is filtered with cooling prior to the

i S g g e SR, R s
Lo " YL PR ctMEn i heeslufs smagtcstes ol e

waste sulfuric acid solution to a solvent-extraction treatment
to remove titanium present 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 1 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 comvert it into an inscluble
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. The 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 ironm 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. THIS SHEET HAS BEEN
‘ REPLACED
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of, free sulfuric acid or the rate of chroni um renoval observed during the

 di ffusive dialysis treatment. v 16ETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS _ 9 Exanpl es of the
present ABSERAGDN will hereunder be described, but the present invention
is not restricted to these specific Exanples. Exanmple 1 An

anount of 10 [err] of a waste sulfuric acid solution
METHOD FOR RECLAIMING METAL SULFATE-CONTAINING WASTE SULFURIC ACID

For the purpose of efficiently and easily regenerating a
sulfuric acid solution having a high concentration and a low
impurity content from a metal sulfate-containing waste sulfuric
acid solution and waste liquor formed during acid cleaning which
are discharged from titanium (IV) oxide-production process
carried out accerding to the sulfuric acid method, titanium
present in the metal sulfate-containing waste sulfuric acid
solution is removed through a solvent;extraction treatment and
then the solution obtained after the solvent-extraction is

subjected to a diffusive dialysis treatment. (Fig. 1)

THIS SHEET HAS BEEN
REPLAGED

REPLACEMENT SHEET
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discharged froma titani um oxi de-production process

ri di ng
sto the sul furic acid method which had an Fe content zs g§ (; !l] ()
expressed in terms of the ampunt of b|¥alent and t s

Ti content of 2 g/[err]
(chrom umions),

sol uti on
to thus

phase into the organi c phase.

[err]

(titaniumions

content of 14ng/f"g B%&?g%:g ?%%w88%2¥9ﬁh5%ﬁlfaﬂV?Bﬁe contOW§§

(sul fate |ons) m@glpﬁpﬂﬂa% jgnto

and a
cont act

with 10[err] of

a C content of 0.1 g/[err]

an Sc
ent o% 310 g/[err]
1 nol/ [err]

hexyl phosphoric acid in kerosine over 20 m nutes

extract tltanluntlons and scandi um i ons present
The sol vent-extracti on treat nent
of a sol vent-extract RACKIROUND oOF WHEC ENVENT I8N Fe

I n the aqueous
gave 10

content of 30g/

[err]

(iron ions),

a Ti content of 0.0lg/[err]

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 during the titanium oxide-production process
and the waste sulfuric acid contains, for instance, Fe, Ti, Cr
and V originatqd from ilmenite and titanium slug as raw
materials for titanium.

In the past., the waste sulfuric acid was neutralized and
then burried under the ground or dumped at sea in the form of
gypsum. However, there has been required'for the development of
other techniques for treating the waste-sulfuric acid from the
those concerning

viewpoint of various problems, for instance.

environmental pollution., insurance of the filled-up land for
burrying 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
Japanese Un-examined Patent Publication

request. For instance.

(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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(titaniumions), a O content of 0.1 g/[err] (chromumions), a V content
of 0.15 g/[err] (vanadiumions), an Sc content of not nmore than 1 ng/[err]
(scandiumions) and a sulfate content of 310 g/[err] (sulfate ions). The
rate of recovery and renoval of titani2m and scandi um was found to be 99%

h h | h t ed hanbe f
AT ustve Qi UQns. (D1 £h R KEs R, Ry sl vRe e ficaiotiah aFdfRasy D

tenper at ure’th\’g‘yén%e Js Wahsoﬁé'\pgll ! eghé ﬁroﬁfﬁpvecr hasrﬂ)lefupfcclgah 1<{jeVi ce

separated from'
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. Moreovef. 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 inventurs of this invention
have developed a method for effectively recovering a highly
concentrated sulfuric acid solution and filed a patent
application, EP-A1-0541002, 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 green beﬁause of
the presence of residual Cr and V’which are converted into
colored oxides and it is difficult to reuse the colored sulfuric
acid solution 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.imﬁediately after putting the. dialyzer in

operation and this leads to the quality-deterioration of the

- This is the replacement sheet
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chanber by an ani on exchange nmenbrane at a flow rate of 150 m /hr, the

...solution and water were circul ated through each correspondi ng chanber

over 20 hours. As a result, there ver g recovered 2.98 J[err] of a
recovered sol ution which had an Fe content of 2. 1 g/[err] (as expressed

" osShE SlabSeRIH e EPeord 0k, R mef R PR A .
f Q.0 : V_ .. t t 5
content o SO 2166 mi 0 ke E LR oL ALYy SR, e

whi ch had E8oni of 2 ' ; i N &t Of
0. blg/ [ err]af'%r(e%omgioﬂ(}{nf{b?neﬂgn Cc?c%or%{ gﬁ?f% l(()l']:e‘i OB?F?H@ 0('tCrtﬁi@oErlls ,ce avVv

content of gye@. 34VsHd &k, (Md Q@?)}s 0 shopUlif pd 9 cnoPE €Yy Hashifg Safel err]
(sul fate ions). The recovery of free sulfuric acid, the rate of chrom um
"~ anionic exchange membrane with 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 fof
washing the anion exchange membrane and a decrease in the degree
of quality-deterioration of the membrane. but the membrane
should be washed every 10 days as is described in Examples of
the patent. 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-

This is the replacement sheet

~ 6§ MAY 1997
Dpte: |



removal and the rate of vanadiumrenoval were found to be 70% - 96% and

. 94% respectively. Moreover, 10[err] of the organic phase recovered
t hrough the foregoing solvent- extraction treatment was brought into
contact wth an aqueous phase conprlglng 0.2nol/[err] of ammoni um
carbonate aqueous solution and 2 nol/ [err] of aqueous annDnla over 20
ni nut es, twentﬁmb%lmfees swéméuclqmtdhénsrgw% lm%zgé hareed qurtlénaed of f

and dried to thu | ve 58. r|S| titani um
scandlun1(ﬁ§0|n§ IE%n?Ehgh ?r§2 &m&%ﬁi ﬂ%%nPrBFeésl 9& The
The T or egoPhg7at bR & Ea GlaR Y28 hab%ga?d.\?@ ”387%&§§P60t'é§é§mugh
t he backmarqtﬁ%gractlon was brought into

According to the present invention, the foregoing object
can be accomplished by removing titanium present in a metal
sulfate-containing waste sulfuric acid 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'contéining titanium into contact with an
alkaline scolution 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 aqueous phase: and to reuse the regenerated organic solvent
in the solvent-extraction process for reclaiming the waste
sulfuric acid.

Moreéver. it is desirable that the waste sulfuric acid
solution be optionally filtered with cooling to control the
concentration of free sulfuric acid presept therein prior to
the solvent-extraction of the solution.

The method for reclaiming metal sulfate-containing waste

sulfuric acid according to the present invention basically

This is the replacement sheet
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contact with the sanme volune of the solution remaining after the diffusive
~dial'ysis treatnment over 20 ninutes to backwardly extract the al kal
ions present in the organic phase into_the aqueous phase and to thus give
10 [err] of the organic solvent. The érganic solvent t hus recovered was

doring a1 oPESsESTHR el At B eBEL A0, relgVEn e BtaEEbHE ' ARG EFT D3
that the recayfly g3 @Poﬁ.'tmatﬁmuandcﬁfamw@nrde%tis@]&9%0 t 6L £a
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 fons are dissolved therein mainly in the form of
Ti0-S0. and partially in the form of Ti.(S04)s). 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 sulfate-containing waste
sulfuric acid. The inventors of this invéntion have found out
that the formation of titanium oxide particles on an ion
exchange membrane can substantially be inhibited if the titanium
content in the solu?ion is, in advance, reduced to a level of
not more than 0.5 g/ £ through solvent-extraction. The
titanium components remaining even after the solvent-extraction
are mainly composed of trivalent titanium ions which are less
hydrolyzable as compared with tetravalent titanium ions.
Therefore, the waste 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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An anount of 10 [err] of a waste sulfuric acid solution discharged froma
~t.itani um oxi de- producti on process carried out according to the sulfuric
aci d nmethod whicch had an Fe content of 36.5g/[err] (as expressed in terns
of the anount of bivalent and trivalent iron ions), a Ti content of 3

e R R L

content of O [err] 'um i ons).

Coorod 10 bogﬁﬂﬁpﬁi%fﬁ@ghmﬁ? ROLEHs Qf“'g@ﬁt"gﬁa&‘ Hodoiln, Bafe L‘Emémem
of 18.8% a jfijsondentale Qoof‘e/mo@e @'olCiQ”Eﬁ’melPtfs (Brggg%’t ?nvtl?f%%% of

0. 002% and a sulfate ion content of 99%) . ter crystallizing
FeSO err] . 7kbeat]ontédtaigied h@t@@othﬂgsol\fe&ﬁt-mm?actNﬂ@ VR4 Gg 1P @lildrbon was

filtered and 9.5[err] of the
filtration 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 waste solution into contact with, for instance. activated
carbon.

If the method of the present invention is used for
reclaimiﬂg waste sulfuric acid, the method can be carried out
according to the batchwise process in which a complete waste
solution és a waste 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
separat;d from the solution, but the continuous recovery
process is generally preferred since the organic solvent used in
the so;vent-extréction 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 sulfonmic acid or hydroxy oxime, as has been well-known
in the art. Amdng the acidic organophosphoric acid compounds,
acidic phosphoric acid diesters are particularly preferred.

Titanium ions extracted with, for instance. an acidic
This is the replacement sheet
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resulting filtrate which had an Fe content of 19.4g/[err] (iron ions), a
- Ti "content of 3.1 g/ [err] (titaniumions), a C content of 0.2 g/ [err]
(chromumions), a V content of 0.6g/ [err] (vanadium ions), an Sc
content of 20ng/[err] (scandiumions)7and a sulfate content of 355 g/[err]

| f i b ht ir ith 9.5 f.1 W/
ot on of ERISETRTRITHER PEROSHIBIHET acFabfskiediadl hetEREH o T ithut es 1o
t hus eXtra?Brtiﬁ§¥ydEp.!Qﬂfﬁlkali sglution such as an ammonium car o t3nd

scandi um i ons present ‘i n e aqueous phase in e organic phase. The

ol Ve Ton APEFEIAE SRR YR LGl 0! heopladicn. MbFai
The titanium compound can be fired to give titanium oxide after
the recove}y 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 solutiom 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 solufion 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 sulfuric
acid solution having a low content of impurities such as iron,
while using the diffusive dialysis method which conventionally
has a difficulty 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

This is the replacement sheet
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lons), a Ti content of 0.0lg/[err] (titaniumions), a C content of 0.2
~g/[err] (chromumions), a V content of 0.6g/[err] (vanadium ions), an Sc
~content of not nmore than 1 ng/[err] (scandiumions) and a sulfate content
of 355 g/[err] (sulfate ions). The rat® of recovery or renoval of

treared was bt ToH T Bﬁifﬁ?aﬁﬁs??l%@?g%&# Ly @33{%&%@?’ A Gevi ce
fl : i : i I
Suppl i et obhTi PonREa L (481 Bl BRI RSTY ARG Cor RIS WHITeRED

chamber by @htannqhge%sPAi@E dRTRAANED 8dnd oblt@WnEAL & QJughdQ sBH{BFtL0 thus
circulate the solution and water through each correspondi ng chanber over

20 hours. Asxixracddunt treBenenveirto rcaaqdetedi £h 4m [equa]l @hodnteebvar ed

i quid which had an Fe content
alkali solution to 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 addition, 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

This is the replacement sheet

Date:  ~ 6 MAY 1887



of 1,8 g/[err] (as expressed in ternms of the anount of Fe ions), a Ti

~content of 0.001g/[err] (Ti ions), a O content of 0.01g/[err] (Cr ions),
a V content of 0.05 g/[err] (V ions) agd a sulfate content of 246g/[err]
(sulfate ions) and 2.37[err] of a soltUtion remaining after the dialysis

which had an Fe cerbmpl e@f o¥6-t%edhlr@iskeh t( ifyen@3sh, W@IT' h@@ludle r0fp 0. 008
g/[err] (Ti ions), a C content of 0.18g/[err] (Cr ions), a V content

of 0.53 g/[eesdribed,i ous) thndrasest! froteatscont Bntnoof r&krd cakedets] tiepel fate
ions). The recovery of free sulfuric acid, the rate of chrom um renoval
and the rat epediff icaBagimphes.enoval were found to be 80% 92% and 91%
respectively. Moreover, 9.5 [err] of the organic phase recovered

t hr ough

Example 1

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 30g/ 2 (as expressed in terms of the amount of bivalent and
trivalent iron ions), a Ti content of 2 g/2 (titanium ions), a
Cr content of 0.1 g/£2 (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/ 2 (sulfate ions) was brought into
contact with 104 of 1 mol/ £ solution of di-2-
ethylhexylphosphoric acid in Kerosine over 20 minutes to thus
extract titanium ions and scandium ions present in the aqueous
phase into the orgdnic phase. The solvent-extraction treatment
gave 10 2 of a solvent-extracted solution which had an Fe
content of 30g/¢ (iron ions)., a Ti content of 0.01g/ 2
(titanjum 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

Tris is the renlacement sheet
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13 , the foregoing solvent-extraction treatment was brought into contact
“with an aqueous phase conprising 0.2nol/[err] of anmoni um car bonat e
aqueous solution and 2 nol/[err] of aqueous ammonia over 20 minutes to
backwardly extract titaniumions and scandium ions present in the organi c

R L e

aqueous phase to stan

Lo b oo I 2 SR RSBt B3 DA
0.2%. The FQQQ\t‘%rslp@ﬁdQﬁgTd:hﬁﬂ%rSCov‘WQOf AU0Hst ALY 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 0.001g/¢ (Ti ions), a Cr
content of 0.006 g/£ (Cr ions), a V content of 0.01d4g/ 2 (V
ions) and a sulfate content of 305g/¢ (sulfate ions) and 4.6 £
of a solution remaining after the dialysis which had an Fe
content of 29.8 g/£ (Fe ions). a Ti content of 0.01g/ ¢ (Ti
ions), a Cr content of 0.1 g/¢ (Cr ions), a V content of
0.147g/ £ (V ions) and a sulfate content of 125.8g/2 (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£ of the organic phase recovered through the
foregoing solvent-extraction treatment was brought into contact
with an aqueous phase comprising 0.2mol/ 2 of ammonium carbonate
aqueous solution and 2 mol/ 2 of aqueous ammonia over 20
minutes, then precipitates formed in the organic 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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95% and 85% respectively. The foregoing organic solvent (11.4 [err]
-). whose volunme was changed through the backward extraction was brought
into contact with the same vol une of .the solution renmaining after the

di ffusive dialysis treatment over 20 rminutes to backwardly extract the

al kali ions pgessdi tie @hkadi ghois mieasati bhothdergagieopisa phagd candet o
thus give 9.52 of the organic solvent. The organic solvent thus recovered
was agai n br ayggtusi phaseamdacd tiist igiae velst2 slil ther bcgawicd sedvent.ofhe

di scharged during a titanium oxide-production process and as a result, it
was found thaganite sedoendr it bys ofeadveasiduRd indESidahdpush t ebt e d 0adast

Exanpl e 3 . ) . . .
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/2 (as expressed in terms of the amount of bivalent
and trivalent iron ions), a Ti content of 3 g/ 2 (titanium ions)
. a Cr content of 0.2 g/ 2 (chromium ions), a V content of 0.68/
2 (vanadium ioms). an Sc content of 20mg/ 2 (scandium ions) and
a sulfate content of 370 g/ £ (sulfate ions) was cooled to 0 C
to give 960 g of FeSO., -TH.0 (having an Fe content of 18.8% a
Ti content of 0.04%, a Cr content of 0.002%. a V content of
0.002% and a sulfate ion content of 33.8%).

After crystallizing FeSO. -7H.0 through the cooling
treatment, the waste solution was filtered and 9.52 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/ 2 (chromium ions), a V content of 0.6g/2 (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 mol/£ solution of di-2-ethylhexylphosphoric

acid in kerosine over 20 minutes to thus extract titanium ions

This is the replacement sheet

Date: - § MAY 1997



A waste sulfuric acid solution discharged froma titanium oxide-production
~process performed according to the sulfuric acid nmethod which had an Fe
content of 30g/[err] (as expressed in terns of the amount of bivalent and
trivalent Fe ions), a Ti content of 21&/[err] (Ti ions), a Cr content of

0.2 g/[err] ék?ggaTm(%ﬁﬂsfg{gs?Q} in the aqueous phase intd t&ﬁgﬁﬂgéate

content of 3 hs) was ont' 1 nuously broug

contact with or [ ¥e ARk | Sl [ f ' -
&lﬁ}e ggﬁoﬁl%lrl\f.git(rg%ggg%ﬁie@gm £YaVbi ®% f of a solvent

di - 2- et hyl he phos Cc aci I n Kerosine, whose concentration
was vari ouslyxﬁfla%rtwd,soqm%n whecH Rl Gandiet consetsart 19 gl €jdonover

30 days. Table
ions), a Ti content of 0.01g/ £ (titanium ions), a Cr content
of 0.2 g/ ¢ (chromium ions), a V content of 0.6@/! (vanadium
ions), an Sc content of not more than 1 mg/ £ (scandium ioms)
and a sulfate content of 355 g/ ¢ (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 ﬁn anion 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 2.452 of a recovered liquid which had an Fe content
of 1.8 g/ £ (as expressed in terms of the amount of Fe ions), a
Ti content of 0.001g/2 (Ti ioﬁs). a Cr content of 0.01g/£2 (Cr
ions), a V content of 0.05 g/ £ (V ions) and a sulfate content
of 246g/ 2 (sulfate ions) and 2.372 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/2 (Cr ions). a V content of 0.53 g/ £ (V ioms) and a
sulfate content of 90.2 g/¢ (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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gi ven bel ow shows titanium concentrations of the solutions obtained
~through the foregoing solvent-extraction treatnent.

Table 1 D2EHPA Concn. of the _Organic Ti Concn. of the

Sol v. Brought into Contact Wth sdfution Treated t he Waste

goggtlon (r“¥#4‘¥aﬂé§oinf_golvenggéiFfJJQion freatment 8a8 bro@ght into
. . . 06

3.3 contact Withéf aquPods phase comprising 0.2@§§/2 of ammonium

untreated carbonate aqueous solutidn and 2 mol/ £ of aqueous ammonia over

20 minutes to backwardly extract titanium ions and scandium
ions present in the organic phdse 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 Chaving a Ti content of 33.2% and an Sc
content 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 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
extract the alkali ions present in the organic phase into the
aqueous phase and to thus-give 9.52 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 3

A waste sulfuric acid solution discharged from a titanium
oxide-production process performed according to the sulfuric
acid method which had én Fe content of 30g/2 (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/ 2 (Cr ions)
This is the replacement sheet
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Fi.g. .1 shows the results observed when the foregoing solution obtained

;after the solvent-extraction was subjected to

treat nent.

recovered fromwaste sul furic

nof Mors ERSFE ERPERAY" 61, 20887

treat nent
| evel of

These results indicate that

the diffusive dialysis
sulfuric acid can efficiently be
acid sddutions by the diffusive dialysis

e EoLYEhgl | fofegused Lo a

an a so be " confirned

that the difhysiivg iy Y b dgh2limaY Rt tS wtlh% g §Figlath ¢ YAt Of

chrom um

comprising a solution of di-2- ethylhexylphosphorlc 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 Ti Concn. of the

Salv. Brought into Contact With Solution Treated

the Waste Sclution (mol/£) (g/2)
| 2 0. 01
1.5 0.06
1 0.1
0.5 0.3
0.1 1.4
untreated 2

JFig. 1 shows the results observed when the foregoing
solufion 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 thanm 0.5 g/ 2. Moreover, it can also be confirmed that

the diffusive dialysis treatment permits the effective removal

of chromium.
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What is clained is: 1. A nmethod for reclaimng a netal

sul fate-containing waste sulfuric acid solution conprising the steps of
subjecting the waste sulfuric acid §Blution to a solvent-extraction
treatment to renove titanium present therein and then subjecting the

sol uti on dttadi hedc K imed ibe extraction to a diffusive dialysis treatnent.
2. The nmethod for reclaimng a waste sulfuric acid solution as set forth
in clai mll.wher 8i mebodripmirecdainimg aigedainsyHatercenhd Ui ®aadei on

t hrough the solvent-extraction treatnent is brought into, contact with an
al kal i solSklifgRicoapadkhalution compgasinfethy 48PS bntikigcddmBetheit into

an insoluble co und; the organic sol vent  obtained after the .titanium
waste sHPPurf% ag}d so?ut%on to a solvent-ex%ract:on treatmen?

to remove titanium present 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 1 wherein an organic solvent used in the
titanium-extraction through the solvent-extraction treatment is
brought inte 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 pfocess for reclaiming the waste
sulfuric acid solution.

3. The 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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extraction is brought into contact with an aqueous sol ution remaining
after the diffusive dialysis treatnment to backwardly extract the al kal
i ons |nt§g§§gﬁgqueous phase to regenerate the organic solvent; and the

regener a ani c solvent is used in the solvent-extraction process for
reclaimng the waste sulfuric acid solution. 3. The net hod for
reclaimng a waste sul furic aC|d solutlon as set forth |n cIa|n11 or 2
wher ei n RSN EPS REGLAMN N MEtAY OWSATRCONTAINING ey SWRES A8t e iron

sul fate, then the preC|p|tates are filtered off to control the free
sul furic acid content in the waste solution to 15 to 35% by wei ght and
thereafter the filtrate is subjected to a solvent-extraction treatnent.

For the purpose of efficiently and easili regenerating a
sulfuric acid solution having a high concentration and a low
impurity content from a metal sulfate-containing waste sulfuric
acid solution and waste liquor formed during acid cleaning which
are discharged from titanium (IV) oxide-production process
carried out according to the sulfuric acid method, titanium
present in the metal sulfate-containing waste sulfuric acid
solution is removed through a solvent-extraction treatment and
then the solution obtained after the solvent-extraction is

subjected to a diffusive dialysis treatment. (Fig. 1)
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