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PROCESS FOR RECOVERI NG:SULFURI C ACI D FROM METALLI C SULFATE—CCNTAINING'

EXHAUST SULFURIC ACID This invention relates to a process for recycling a
spent su¥furic acid, for exanple, exhausted fromthe eNf r gdugy n
titaf¥unm di oxi de, by regeneration. 5 Titani um di oxi deg'uﬁ gesugdﬁng - 4
| arge .quantity as .a white pignent in paint industries and as a cdl oMn -
material in various fields. As a proces§1for produci ng titaniumdi oxide, a -—
so-call ed "sul f a4 "o 0, CQ ‘ KRevwr. ' rr0Cess,

ilmenite or titsa F Q A NG~ @ﬁ?IhXC AEYD ERéM\ A?}H(pcle Si zes

of not nore than 200 sh sieve pass, and then treated with concentrated

sul furic acid tSUGFABELG QN S FHRIC adj usting the
concentration by the addition of water or dilute sulfuric acid, scrap iron

is 15 added thereto in order to prevent the precipitation of iron ions
contained as inpurities, thereby reducing trivalent iron ions to bival ent

iron ions, foll Ked bX altowing to coqgl to separat? out ferr.ous sulfaﬁe.
After renoval ofdpelfivention relates to a process for recyeling a spen

sulfuric acid, for example, exhausted from the stage of

Producing titanium dioxide, by regeneration.

S Titanium dioxide has been used in a large quantity as a
white pigment in Paint industries énd as a coloring
material in varioys fields. As a process for producing
titanium dioxide, a so—called “sulfate process” is most
common!y known. In this Pprocess, ilmenite or titanium slag

10 is milled into particles with particle sizes of not more
than 200 mesh sieve pass, and tﬁen treated with
concentrated sulfuric acid to give titanium sulfate
solution. While adjusting the concentration by the
addition of water or‘dilute sulfuric acid, scrap iron is

15 added-thereto in order to prevent the precipitation of iron
ions contained as impurities, thereby reducing triv;lent
iron ions to bivalent iron ions, followed by allowing to
cool to separate out ferrous sulfate. After removal of the

separated substances, hyd;olysis of the titanium salfate

20 solution givés titanium hydroxide, which is then filtered,



separ at ed substances, hydrolysis of the titaniumsalfate 20 solution gives
titani um hydroxide, which is then filtered, 2 washed, and finally
calcinat&d to obtain titani umdioxide. In these stages for producing
titami um di oxide, a large quantity of spent sulfuric acid is chiefly
exhausted in the 5 stage of separation bgtween the solid and liquid in
titani um hydroxi de. Conventionally, concerning the treatnent process for

the spent sul fugheh@€] dand tf MAS IBUkiadd ias tGUPSHM BT a NeU edd ized dded idben
thrown out to the ocean. However, environnental problens have recently been
10 being given a great deal of attention. Mreover, problens of securing a
site to be filled up with the gypsum and of requiring huge treating costs
have been cone up. How to deal with themis of inportant. 15 In order to
deal with theselprbbteesst pfocdaged rodmeing titanium dioxide, a large

quantity of spent sulfuric écid is chiefly exhausted in fﬁe
S stage of sePparation between the solid and liquid in
titanium hydroxide.. Conventionally, concerning the
treatment process for the spent sulfuric acid, it was
buried as gypsum or neutralized and then thrown out to the
ocean. However, environmental problems have recently been
10 being given a great deal of attentionf Moreover, problems
_of securing a site to be filled up with the gypsum, and of
requiring huge treating costs have been come up. How to

deal with them is of important.

z

15 In order to deal with these problems, processes for
recovering sulfuric acid from the spent sulfuric acid by
separating of impﬁrities from spent sulfuric qcid have been
suggested. For example, a process in which the spent
sulfuric acid is concentrated as it is (Japanese Patent

20 Publication Sho 46-5568, etc.) and a Process in which the
spent sulfuric acid is treated in combination of a vacuum
crystallization stafe and a concentration stage are

mentioned.Due to the deposition of a large quantity of



recovering sulfuric acid fromthe spent sulfuric acid by separating of
inmpurities fromspent sulfuric acid have been suggested. For exanple, a
process ¥n which the spent sulfuric acid is concentrated as it is (Japanese-
Patent 20 Publication Sho 46-5568, etc.) and a process in which the spent
sulfuric acid is treated in conbination of a vacuum crystallization stage
and a concentration stage are nentioned.¥3ue to the deposition of a large

quantity of t al l.fate e an % gycCc in
fhat = desi red Thian o tAaAteRtr Shebe SRfy ECEER Sibuata o  Rrap PERBLEF™H L, | T
recently, Japanese Patent Laid-Open Hei 3-80103 and Hei. 3-88718 di scl ose
processes for rididviand eisripgdi bil 881 % ¢ hn e Wiehite bxtirldattiigna gdf hognnot be
‘Neverthel ess, since a strongly acidic sulfuric acid solution is treated by
neans of a obtained.

5 More recently, Japanese Pétent Laid-Open Hei 3-80103 and
Hei 3-88718 disclose processes for removing impurities wiih
solvent extraction method. Nevertheless, since a strongly
acidic sulfuric acid solution is treated by means of a
solvent extraction as it is in these processes, the actual

10 efficiency for extracting iron ions is not so good as
described in these patent applications. Moreover, the iron
content thus recovered has low purity. Furthermore, these

applications suggest the recovery of iron ions using methyl

&
Il

isobutyl ketone, but it is impossible to directly extract
15 trivalent iron ion with such a neutral extracting agent as

methy! isobuty! ketone, in which case the iron-is extracted

as a complex such as a chloride complex. Also, in the case

where an acidic extracting agent is utilized in order to

direétly extract trivalent iron ions from the sulfuric acid
20 solution, multi-stage extraction is necessarily involved

due to its low extraction ratio.

An object of the present invention is to solve the



solvent extraction as it is in these processes, the actual 10 efficiency
for extracting iron ions is not so good as described in these patent
appl i cat¥ons. Mreover, the iron content thus recovered has |low purity. -
Furt mernore, these applications suggest the recovery of iron ions using
met hyl isobutyl ketone, but it is inpossjble to directly extract 15
trivalent iron ion wth such a neutral ekxtracting agent as nethyl isobutyl

ketone, in whichy£asedds one@N pir§h SXh agh &di &Sp Po iAW 128% r34¥ehsagop chloride
complex. Also, I1n the case where an acidic extracting agent is utilized in
order to directly extract trivalent iron ions,fromthe sul.furic acid 20
solution, nultit %ﬂﬁi%%&qgaéﬂﬁgﬁyi§°H%E%§§%¥?¢ysq I\fed ¢dde 118D # 5P &M
extraction ratio. An object of the present invention is to solve the 4
above- nent i oneds pf i s cand coat piovh@emat pt ocebba ffeor which is discharged

in a large quantity, for example, from a spent liqﬁid of
5 acid washing or in the case of producing titanium dioxide

by the sulfuric acid method.

Another object of the present invention is to attain the
prevention of environmental pollution by effectively
10 recovering a highly concentrated sulfuric acid from a spent

sulfuric acid containing metal sulfates in a closed system.

Still another object of the present invention is to

designate an available utilization of resource by

15 recovering iron, titanium, etc. as by-products.

In order to solve these object, the present invention

suggests the oxidization of bivalent iron ions in a spent

sulfuric acid containing metal sulfates t6 trivalent iron
20 jons followed by addition of hydrochloric acid to such a

liquid and solvent extraction.

In particular, the regeneration of a spent sulfuric acid is



regenerating highly concentrated sulfuric acid froma spent sulfuric acid
containing netal sulfates which is discharged in a large quantity, for
exanpl e~ froma spent liquid of 5 acid washing or in the case of producing
titani um di oxi de by t-he sulfuric acid nmethod. Another object of the present
invention is to attain the prevention og envi ronnment al pollution by
effectively 10 recovering a highly concéntrated sulfuric acid froma spent
sul furic acid containing netal sulfates in a_closed system .Still another
obj ect of the pr&&ented neniheod riesend dageghidd, oW bt (U T S6Si 18 54€Pon of
resource by 15 recovering iron, titanium etc. as by-products. In order to
sol ve these objget gxt BE: Pk €SNt liedMeritrioan isuggest 5 § hen oxs uli famtiicon cold
bivalent iron ions in a spent sulfuric acid containing netal sulfates to

| quid and sol 5antohi bort BEE SPgdR dar B Tve Rl cEEr LT S desen,”
sulfurtc acid is
for adding hydrochloric acid to the liquid so that a molar
5 fraction of chorine ion in the liquid is adiusted to at
least 4 times that of ironm ions; a step for subjecting
solvent extraction of the liquid to remove imPure metal
ions such as iron ions; a step for concentrating the
solution after solvent extraction to a sulfuric acid
10 concentration of 6§0-75% by weight to recover hydrochloric
acid; a step for separating metal sulfates deposited at
this time; and a step for concentrating the separated
solution again to a sulfuric concentration of not less than
80% by weight.
15
The basic conception of the process for regenerating spent
sulfuric acid containing metal sulfates according to the
present invention is to effectively remove main impure
metal ions, such as iron, titanium, and manganese,
20 contained in the spent sulfuric acid and to concentrate the

solution to regenerate it into a highly concentrated

sulfuric acid.



5 suggested by the present invention, which conprises a step for oxidizing
bivalent iron ions in a spent sulfuric acid containing netal sulfates to
‘trivalermt iron ions; a step for adding hydrochloric acid to the liquid so
thatsa nolar 5 fraction of chorine ionin the liquid is adjusted to at
least 4 times that of iron ions; a step for subjecting solvent extraction
of the liquid to renove inpure netal ion% such as iron ions; a step for

concentrating the solution after solyent. r i one 1.0 . sulfyri.c L d 10
concentration of" 6075 oﬂ)rﬁmﬁegﬁ#'?8X§écbgéé ﬂ§%§o§£ﬁ%ﬁi@lzbﬂé?g§ g@g%g%or
separating netal sulfates deposited at this tine; and a step for
concentrating the kiparented oas| Bairtdncadarhyt o Bheul fmavicc! odndduet bay e ban bf

not |ess than 80% by weight. 15 The basic conception of the process for
regenerating SpPefA§n ions is essential for effective regeneration of the

spent sulfuric acid. However, since the removal of the

5 bivalent iron ions directly by solvent extraction treatment
can be carried out only with great difficul;y, the bivalent
iron ions are first oxidized to the trivalent iron ions,
and the trivalent iron ions are then removed by solvent
extraction treatment. At this time, hydrochloric acid is

10 added to the spent sulfuric acid to substitute the metal
sulfates with chlorine ions, thereby giving an iron
chloride complex, after which the.solvent extraction is
cartied out. It has been found that such a procedure can
e;tract more than 99% of iron iéns, the extraction being

15 more effective than the solvent extraction where the spent

sulfuric acid is extracted as it is.

It has been also found that iron ions and titanium ions can
be individually separated when a plurality of extracting

_20 agents are used in the solvent extraction treatment.

In the present invention, as the method for oxidizing the

divalent iron ions in the spent sulfuric acid, either -a



sul furic acid containing netal sulfates according to the present invention
Is to effectively renove main inpure netal ions, such as iron, titanium

. and manganese, 20 contained in the spent sulfuric acid and to concentrate

the ssolution to regenerate it into a highly concentrated sul furic acid.

6 In"the inpure netal -ions, iron ions exist in a large ampunt as bival ent

lons particularly. The renoval of the Bivalent iron ions is essential for

effective regeggﬁgﬁigpi@§l§@§ §f¥ﬂﬂcﬁq%hﬁ5QiQ[aqhdoxEQMBV@ﬁ,bﬁince t he
renoval of the ivalent 1ron ions directly by solvent extraction

treatment can be carried out only with great difficulty, _the bi ent i
ions are first edricdif2dAsis BPHE kggqﬁﬂ nt ﬁ“ﬁdﬁefgﬂéf’aﬁé ?héPiﬂﬁbgﬁéﬁg ingn

ions are then removed by sol vent extraction treatnment. At this ting,
hydrochl oric agijd gy also be utilized. In this oxidization step, for

example, in the case of th; oxidatf;n with chlorine, the

5 following reaction takes place by blowing a chlorine gas
into the spent sulfuric acid in a stbichiometric or excess
amount relative to the divalent iron ions contained in the
spent sulfuric acid, thereby oxidizing 99% or more of the
bivalent iron ions with ease.

10 9Fe20 + Clp, — 2Fe30 + 2CI0

In the case of the oxidization with chlorine, the chlorine-
ions dissolved in the solution are recovered in a
concentration step and then recycled.
i5
To the spent sulfuric acid after the oxidization treatment
is then added hydrochloric acid, followed by the solvent
extraction treatment. In th%s case, the molar fraction of
chlorine ions in the spent sulfuric acid is adjusted so as
20 to be at least 4 times that of iron ions in the liquid. As
shown in FIG. 1, it has been known that the extraction rate
of trivalent iron ions in this solution is drastically

decreased if the concentration of hydrochloric acid is less



10 added to the spent sulfuric acid to substitute the netal sulfates with
-chlorine ions, thereby giving an iron chloride conplex, after which the

sol vent extraction is carried out. It has been found that such a procedure
can extract nmore than 99% of iron ions, the extraction being 15 nore
effective than the solvent extraction where the spent sulfuric acid is
extracted as it is. It has been also fouhd that iron ions and titaniumions

can be Individuplly SapafpiLhothen)asRlitr eht by ofe EXHAGLAIA0 2050 91 27 €

used in the sol Ven ction treatnent. present invention

met hod for oxidizing the divalent iron_ions in the spent sulfuric acid,

ei ther a 7 Uit o olxd kG i i tils drpaErheY on d hiks b8d ot iben D9y desst EBEYsi s
may be used. Furthernore, an oxidation with air nay also be utilized. In
this oxidization ptep, for

5 The hydrochloric acid which has been added is recovered in

the concentration step, and can be recycled.

The organic solvents which can be used for extracting
impure metal ions such as trivalent iron ions from the

10 solution include acidic organophosphorus compounds,
carboxylic acids, sulfonic acid, hydroxy oxime, oxine,
beta-diketone, neutral phosphoric esters, phosphine oxide,
ketones, alcohols, amines, and the like. These organic
solvents can be used singly or in the mixture of them. In

15 order to separate metal ions other than iron ions which are
contained in a trace of amounts, it is very advantageous to
jointly use several kinds of these solvents which may be

dsed singly or in the mixture.

20 In this connection, benzene, chloroform, foluene, kerosine,
n-hexane or the like may be utilized as a diluent to adjust
the viscosity of the extracting agent. The choice of an

appropriate diluent can imProve the extracting ability of



exanple, in the case of the oxidation with chlorine, the 5 foll ow ng
reaction takes place by blowing a chlorine gas into the spent sulfuric acid
in a stoi-chionmetric or excess amount relative to the divalent iron ions
contained in the spent sulfuric acid, thereby oxidizing 99% or nore of the
bivalent iron ions with ease. [err] In the case of the oxidization with
chlorine, the chlorine ions dissolved i the solution are recovered in a
concentration step and then recycled. 1 5 To the spent sulfuric acid after
t he oxi di zat i onth¢ ewt §amitc is9 ltie@h - added hydrochloric acid, followed by the
solvent extraction treatnent. In this case, the nolar fraction of chlorine
ions in the spent sulfuric acid is adjusted so as 20 to be at least 4 tines
that of ironions inthe liquid. As shown in FIG 1, it has been known that

the extraction rate of trivalent .iron,ions in this.solutiqn is drastical
decr e)a(tsed i :‘ t hL“ c%%‘b%'t“réa{‘ﬁ.‘ﬁn%fllshﬁﬂrlI&EH?O%?‘E‘%‘E:ﬁsﬂ"sq sturl e:?gg'elﬁ’ i order

to separate trivalent iron ions and titanium ions

S5 respectively, the trivalent iron ions are first e;traqted
from this solution with a ketone, an alcohol, a neutral
Phosphoric ester, or the like, and the titanium ions are
then extracted with an acidic organoPhosphorus compound, a
carboxylic acid, sulfonic acid, hydroxy oxime, or the like.

10
In order to preferentially extract the trivalent iron ions
from the solution, for example, ketones are used.lo
carry out the extraction. [In this case, methyl isobutyl
ketone can particularly be used for the pre[e}ential

15 extraction of the trivalent iron idns, but hardly extracts
the titanium ions. Subsequently, acidic organophosphorus
comPounds are utilized to extract the titanium ions from
the solution from which the trivalent iron ions have been
extracted. In the acidic organophosphorus compounds,

20 di(2-ethylhexyl) phosphoric ester is particularly desirable.

The trivalent iron ions extracted with methyl isobutyl

ketone are stripped with water and recovered as the



than 3 N (N = nol/[err]) and, therefore, the concentration of
hydrochloric acid is desirably adjusted to be not less than 3 N 5 The
hydr ochl*eri ¢ acid which has been added is recovered in the concentration
step;' and can be recycled. The organic §R}vents whi ch can be used for
extracting inpure nmetal ions such as trivalent iron ions fromthe 10

sol ution include acidic organophosphorus . conpounds, carboxylic acids,

sul fonic acid, e OXinTReo@X &St LT oh dli KEE ONGLy,NG4Ybhak xPROSPOL i e
esters, phosphine oxide, ketones, alcohols, amnes, and the |ike. These

organi ¢ solvents can be used singly or_jn the mxture of them In 15 order
to separate met®t3igd &ﬂhéﬁlﬁﬁagpgronTﬁﬁhscﬁﬁi  Uhed ASnCARRRGaPRS 2t race

of amounts, it is very advantageous to jointly use several kinds of these
sol vents whi ch @y shet eusied ssifngl Yeorito. t hen mixé wase of the back

extraction of the trivalent iron jons, chlorine-ions which

S are partially extracted together with the trivalent iron
ions are alseo réversely extracted and are conta}ned in the
reversely extracted solution. The chlorine ionrs can be
recovered as hydrochloric acid by adding gulfuric acid to
the solution to carry out substitution followed by

10 concentration.

The titanium ions extracted with di(2-ethylhexyl)
phosphoric ester are stripped with a hydrofluoric acid
solution or an alkaline solution such as sodium hydroxide,
15 and are recovered as the hydroxide thereof, etc. After the
recovery, titanium oxide can be obtained by calcination.

This can be used as a raw material for titanium.

In the present invention, the spent sulfuric acid from

20 Whi?h impure metal ions such as iron ions have been removed
is then recovered in two stages for concentration as a
sulfuric aﬁid having a2 concentration of not less than 80%

by weight.



20 In this connection, benzene, chloroform toluene, kerosine, n-hexane
or the like may be utilized as a diluent to adjust the viscosity of the
extracti'ng agent. The choice of an appropriate diluent can inprove the
extracting ability of 9 the organic solvent. In carrying out this
sol vent extraction treatnent, in order Eg separate trivalent iron ions and
titaniumions 5 respectively, the trivalént iron ions are first extracted
fromthis solutjon with a ketone, an alcohol,k? neut r al. .phosphoric ester,

r

or the |ike, and%he ®Seardiidimigls!apss t honW ekt rak S MR SARaBE di ¢

or ganophosphorus conpound, a carboxylic acid, sulfonic acid, hydroxy oxine,
or the like. 10rdmowydery tidhepradbeeentnaldyeéxso bcdn it reax ttrnicvabent iron ions
fromthe solution, for exanple, ketones are used to
treatment, but the removal of manganese ions, aluminum,
etc. is difficult. 'They remain in the solution in
5 considerable amounts. They are depqsited as the
correspondiﬁg metal sulfates, after hydrochloric acid is
recovered by concentration the sofution to a concentrating
of sulfuric acid of 60-75% by weight, by allowing the
solution to cool. In this case, manganese is removed as
10 manganese sulfate monohydrate. Other metal ions contained
in the solution in a trace of amounts are simultaneously
removed as the corresponding metal sulfates. Subsequently,
the concentration of the solution from which the metal
sulfates are removed gives highly concentrated sulfuric

15 acid having a concentration of sulfuric acid of not less

than 80% by weight.

In the first stage for concentration, almost all of
hydrochloric acid can be recovered, and the recovered
20 hydrochloric acid can be reused in the step for solvent

extraction.

FIG. 1 is a drawing showing the relationship between the



carry out the extraction. In this case, nethyl isobutyl ketone can
particularly be used for the preferential 15 extraction of the trivalent
iron ions, but hardly extracts the titaniumions. Subsequently, acidic

or ganophosphorus conpounds are utilized to extract the titaniumions from
the solution fromwhich the trivalent irI®h ions have been extracted. In the
aci di ¢ organophosphorus conpounds, 20 di (2-ethyl hexyl) phosphoric ester is

parti cul arly desjy@iliGa 110G bl ¥REPOLn 1 OM AN Sl 24T WibR FELIW of
i sobutyl ketone are stripped with water and recovered as the 10

hydr oxi de thereof. After the recovery, iron oxides aq he gbta'ngd b{ .
cal ci ni ng. They! @ W suddd Ad'aBabll bR S ofs YiByDeddri A58 PR6V 1 EFF9RE.> 11
the case of the back extraction of the trivalent iron ions, chlorine ions
which 5 are pardidlly extracted together with the trivalent iron

5 FIG. 2 is a flow chart showing the treating process of the

present invention.

Now, the working examples of the present invention will be
described, but, the present invention is not, of course,

10 restricted these examples.

EXAMPLE 1
Into 5 liters of an spent sulfuric acid having composition
comprised of 360 g/ 0 of sulfuric acid, 1 g/ 8 of trivalen{
15 jron ions, 38 g/ of divalent iron ions, 2.9 g/ 8 of
titanium, and 5.3 §/8 of manganese, which had been
exhausted in a stage for producing titanium oxide was fed a
chlorine gas in an amount 1.5 equivalents relative to the
bivalent iron ions together with air to oxidize the
20 bivalent iron ions to trivalent iron ions. This gave 5
liters of an oxidized solution having comPosition comprised

of 360 g/ 8 of sulfuric acid, 39 g/ 8 of trivalent iron

ions, 0.0 g/ 8 of bivalent iron ions, 2.9 §/8 of titanium,



lons are also reversely extracted and are contained in the reversely
extracted solution. The chlorine ions can be recovered as hydrochloric acid
by adding sulfuric acid to the solution to carry out substitution foll owed
by 1.0 concentration. The titaniumions extracted with di(2-ethyl hexyl)
phosphoric ester are stripped with a hydBofl uoric acid solution or an

al kal i ne sol ution such as sodi um hydroxi de, 15 and are recovered as the

hydroxi de ther gof, g@t. o Af hesgihes ¢ agaversy ¢ /it ami ymiexigle. can be obtai ned
by cal cination. This can be used as a raw nmaterial for titanium In the

present invention, the spent sulfuric acid from 20 which inpure netal ions
such as iron ions have been renoved is then recovered in two stages for
concentration as a 'sulfuric acid having a concentration of not |ess than
80% by weight. To this solution were added 2.5 liters of concentrated

hydrochloric acid to adjust the solution to be about 4 N

5 hydrochloric acid solution. This gave 7.5 liters of a
solution having compo;ition combrised of 240 g/ 2 of
sulfuric acid, 26 §/08 of trivalent iron ions, 1.9 g/ 0 of
titanium, 3.5 §/0 of manganese, and 158 g/ 8 of chlorine.
Subsequently, this solution was brought into contact with

10 10 liters of methyl isobutyl ketone, whereby trivalent iron
ions were selectively extracted and removed. The resuliing
solution was then broughf into contact with 10 liters of 1
mol/ 8 solution of di(2-ethylhexyl) phosphoric acid in
kerosine, whereby titanium }ons were extracted. These

15 solvent extraction treatments gave 7.5 liters of a solution
having composition comprised of 240 g/ 8 of sulfuric acid,

0.01 g/ 0 of trivalent iron ions, 0.03 g§/8 of titanium,

3.5 /0 of manganese, and 92 g/ 2 of chlorine.

20 The trivalent iron ions extracted with methyl isobutyl
ketone were reversely extracted with 10 liters of water to
obtain an aqueous solution having composition comPrised of'

19 g/ 0 of.iron and 49 g/ 0 of chlorine, and recovered as



lron ions, titaniumions, as well
above-nenti oned sol vent extracti on treatnent,
ions, atwum num etc. is difficult.

as scandi um can be renoved by the

but the renoval of nanganese

They remain in the solution in 5

- considerabl e anmounts. They are deposited as the correspondi ng netal
sul fates, after hydrochloric acid is reggvered by concentration the

solution to a concentrating of sulfuric acid of 60-75% by wei ght,

manganese. sul B8t REABRyarRLET b

nmet al

by

this case, ngan LS. §enpve s 10
efeﬁ@ﬁéF?Fongoggn?iﬁn%d){np?'quglution
in a trace of amounts are sinultaneously renoved as the correspondi

n
sul fates. Subseqoemtlyd hheimnnc@ﬁﬂﬂamuddeoﬂthéakobMtBmhcfnthMhicﬂ%whe
sul fates are renoved gives highly concentrated sulfuric 15 acid

net al

havi ng a conceq%?ggkgg Qgssyﬂéﬁqigq%mﬂ d of not | ess than 80% by wei ght. fn
n

the first stage for concentration, alnost al
Fecovered,

step for solvent
5 The titanium ions extracted
di (2—-ethylhexyl) phosphoric
extracted with 10 liters of
hydroxide solution, and the
it was calcined

after which

10 titanium (IV) oxide.

The solution which had been

with 1 mol/ 8
acid
an aQueous 2 mol/ 8

formed hydroxide was

of hydrochloric acid can be

and the recovered 20 hydrochloric acid can be reused in the

solution of
in kerosine were reversely
of sodium

recovered,

to recover about 23 g of

The recovery was about 95%.

treated with solvent extraction

. was concentrated at about 120°C and at 74 ommHg to sulfuric

acid concentration of about 70% by weight to recover about

15

concentrated

of deposited metal sulfates

monohydrate) were separated.

concentrated at about 180°C

20

having composition comPrised of 1510 g/ 8

5.9 liters of hydrochloric acid (116 g/ 2

solution was allowed to cool,

Thereafter,.

and at

as chlorine). The

and about 70 g

(chiefly manganese sulfate

the solution was

10 mmHg to recover 1.1

liters of about 82 wt% strength sulfuric acid solution

of sulfuric acid,

0.00 g/ 8 of trivalent iron ions, 0.04 g§/0 of titanium,

3.5 8/ 8

of manganese and 0.02 g/ 82 or

less of chlorine.



extraction. FIG 1 is a drawing showi ng the relationship between the 12
concentration of hydrochloric acid and extraction ratios of iron ions and

titaniumions, using nethyl isobutyl ketone and 5 FIG 2 is a flow chart
showi ng -the treating process of the present invention. Now, the working
exanpl es of the present invention wil]l descri bed, but, the present

i nvention is not, of course, 10 restricted these exanples. EXAMPLE 1 Into 5
liters of an spent sulfuric acid having conposition conprised of 360 [err]
of sulfuric acThe deferély off tyulMalrént at5di wemn abost g/ Q of divalent .
iron ions, 2.9 g/ Qof titanium and 5.3 [err] of manganese, which had been
EXAMPLE 2
T liters of an spent sulfuric acid having composition
5 comprised of 450 g/ 0 of sulfuric acid, 1 g/ 8 of trivalent
iron ions, 42 g/ 8 of divalent iron ions, 5.3 g/8 of
titanium, and 512 g/ 0 of manganese were electrolytically
oxidized to oxidize bivalent iron ions contained in the
solution to trivalent iron ions. Subsequently, 3 liters of
10 concentrated hydrochloric acid were added into it to adjust
the solution to be about.3 N solution, thereby obtaining 10
liters of a solution having composition comprised of 315
g/ 8 of sulfuric acid, 30 g/ 2 of trivalent iron iop;, 0.0
g/ 8 of divalent iron ions, 3.7 §/08 of titanium, 3.6 g/ ¢&

15 of manganese, and 128 g/ 8 of chlorine.

Subsequently, this solution was brought into contact with
20 liters of ﬁethyl isobutyl ketone, whe;eby trivalent iron
ions were selectively extracted and removed. The resulting

20 solution was then brought intb contact with 20 liters of 1
mol/ 8 solution of di(Z;ethylhexyl) phosphoric acid ester
in kerosine, whereby titanium ions were extracted. These

solvent extraction treatments gave 10 liters of solution



exhausted in a stage for producing titaniumoxide was fed a chlorine gas in
an anount 1.5 equivalents relative to the bivalent iron ions together with
air to oxidize the 20 bivalent iron ions to trivalent iron ions. This gave
-5 liters of an oxidized solution having conposition conprised of 360 [err]
of sulfuric acid, 39 [err] of .trivalent jgron ions, 0.0 [err] of bivalent
iron ions, 2.9 [err] of titanium 5.3 [err] of nmanganese and 25 [err]

13
of chlorine. To this, sol yti wer b later f GO egle i
hydrochl ori c ac Rt accﬁm sotsqgﬁ\eﬁsg?ﬁﬁ]?g%e %o(?{)eg% oga/t 94 O(Iifl g(ﬁﬁ%gg%h?%”’c

acid solution. This gave 7.5 liters of a solution havjnpng conposition
conpri sed of 240. ([Qar&/?ﬂofo fsulrfigeil@nhici Bon 28085 Q 0 I3 tgr)i Eal%—fntt It aBKRons,
1.9 [err] of titanium 3.5 [err] of manganese, and 158 [err] of chlorine.
Subsequently, thig goputjpomayaankseyomhdi fooglant@ttebidrdine.

5 The trivalent iron ions extracted with methyl isobutyl
ketone w;re re;ersely extracted with 30 liters of water to
obtain an aqueous solution having composition comprised of
10 g/ 8 of iron and 26 g/ 0 of chlorine, and recovered as
hydroxide. After the recovery, about 420 g of iron was

10 recovered as iron.(III) oxide (Fez03) by calcination. The

recovery was about 98%.

The titanium ions extracted with 1 mol/ £ solution of

‘
’

di (2-ethylhexy!l) phosphoric acid ester in kerosine were

15 reversely extracted with 20 liters of an aqueﬁus 2 mol/ 2
of sodium hydroxide solution, and the formed hydroxide was
recovered, after which it was calcined to recover about 60

g of titanium (IV) oxide. The recovery was about 97%.

20 The solution which had been treated with solvent extraction
was concentrated at about 110°C and at 74 mmHg to a
sulfuric acid concentration of about 65% by weight to

recover about 6.9 liters of hydrochloric acid (72 g/ 8 as



10 10 liters of nethyl isobutyl ketone, whereby trivalent iron ions were
sel ectively extracted and renoved. The resulting solution was then brought
into contact with 10 liters of 1 nol/ Q solution of di(2-ethyl hexyl)
phosphoric acid in kerosine, whereby titaniumions were extracted. These 15
solvent extraction treatnents gave 7.5 Ijgers of a solution having
conposition conprised of 240 [err] of sulfuric acid, 0.01 [err] of

trivalent i ron_éholrbsr’zidl%?os g% & RE%BH?PH’”%O&?WQ( Q@ Qf mfa%prg?ﬁﬁ@@f’, 92

[err] of chlorine. he trivalent Tron 1ons extracted with

i sobutyl ketone were reversely extracted with 10 liters of water to obtain
an aqueous sol b bt 3¢ dombodrPp ot ednps t sk wif aitg sp dehjiedd Vi ron and 49
[err] of chlorine, and recovered as 14 hydroxide. After the recovery,

?ﬁgut 270 g of ngmruneds rsaddvecedonshydpnt &) I4dr O adaraarerd. bFheatef neij on.

the solution was concentrated at about.&80 C and at 10
S mmHg to recover 2.0 liters of about 81 wt% strength

sulfufic acid solution having composition comprised of 1490
g/ 8 of sulfuric acid, 0.1 g/8 of titanium, 3.2 g/ 0 of
manganése and 0.02 g8/ 8 or less of chlorine. The recovery
of sulfuric acid was about 95%.

10
In addition to the above-mentioned examples, Table I shows
the conditions of extraction rate of trivalent iron ions
varied by the addition of hydrochioric acid. In the table,
the volumetric ratio of the organic phase'to the aQueous

15 phase was 1:1, and all diluents except for methyl isobutyl

ketone were diluted with kerosine. The conditions were the

same as those of Example 2.



recovery was about 97% 5 The titaniumions extracted with 1 [err] solution
of di (2-ethyl hexyl) phosphoric acid in kerosine were reversely extracted
with 10 Titers of an aqueous 2 [err] of sodium hydroxi de solution, and the
f orméd hydroxi de was recovered, after which it was calcined to recover

about 23 g of 10 titanium (IV) oxide. Th&recovery was about 95% The

sol ution which had been treated with solvent extraction was concentrated at
about [err] antebde 72 nHg to sulfuric acid concentration of about 70% by
wei ght to recover about 15 5.9 liters of hydrochloric acid (116 [err] as
chlorine). ThegaqneenbharAd 39! Vi eh@sS] péd oG to cool, and about 70 g of
deposited netal sulfates (chiefly nmanganese sul fate nonohydrate) were
separated. - Thereafter, the solution was concentrated at about [err] and at
10 mHg to recqver I T 2Z0.T1 0 out 82 W% gth sul]far.

sol ution having(%&ﬁﬁgiffPHﬂl:gﬁiF?%%§%8P31510 g/ C?% Psulfuriéﬂggﬁa?Fbﬂbo
[err] of trivaIQﬂtEixrtQﬁ\c'igfgs 0.04 [err] of titan)gmdizaribsrir4 HE
manganese and (.02 g/ Q or |l ess of chlorine.

Agent (No HC? Addition
Extracting Agent Addition) | (Oxidizin
Liq.:Conc.HCE
=1:1)
Conc. Methyl isobutyl <1% 99%
ketone ‘ _
20 vol% Tributyl phosphate 1% 93%
20 vol% 2-Ethylhexy!l 2-ethyl- 17% 53%

hexylphosphonic acid
Trade.Name :PC88A

20 vol% di (2-ethylhexyl) 14% 38%
phosphoric acid |
Trade Name:DP8R
20 vol% bis (2,4,4-trimethyl~ 11% 73%
pentyl) phosphinic

acid

Trade Name:CYANEX 272
20 vol% Tertiary Amine <1% 94%
Trade Name:Alamine 336
20 vol% Hydroxyloxime <1% 58%
' Trade Name:LIX63-70
20 vol% B-diketone <1% 1%
Trade Name:L1X54




15 The recovery—ef—sutfuricacid was about 92% EXAMPLE 2 7 liters of an

I
spent sul furic acid havi ﬁ" |i|§mﬁ t ilon 5 conprised of 450 [W]—m

acid, I:[err] erL“ll HH@II 42 [err] of divalent |m§|su n epaced
[err] of titaniu f nanganese wer e electrolytl
oxi di zed to OX|Q|ze blvalent iron ions cbntained in the solutl
trivalent iron ions. Subsequently, 3 liters of 10 concentrated rochlorlc
acid were addes into it to adjust the solution to be about 3 N sol ution,
t hereby obtain ﬁ@‘@@ liters of a solution having conposi tion conprised of
315 [err] of sulfuric acid, 30 g/ Qof trivalent ironions, 0.0 [err] of
dival ent iron ions, 3.7 [err] of titanium 3.6 [err] 15 of nanganese, and
128 [err] of chlorine. Subsequently, this solution was brought into contact
with 1. A process for regenerating a spent sulfuric acid

containing metal sulfates characterized in that divalent

iron ions in the spent sulfic acid is oxidized into

trivalent iron ions, hydrochloric acid is added to such a

5 liquid and then solvent extraction is carried out.

9. The process according to Claim 1, characterized in that
said solvent extraction is carried out as to trivalent iron
ions and titanium ions individually.

10

3. A process for regenerating a §pent sulfuric aec.id

L
’

containing metal sulfates comprising:
a firét step for oxidizing bivalent iron ions in a spent
sulfuric acid into trivalent irom ions;

15 a second step for adding hydrochloric acid to such a liquid
50 that a molar fraction of chorine ions in the liquid is
adjusted to at least 4 timeslthat of iron ions;

a third step for subjecting solvent extraction of the
liquid to remove impure metal ions such as iron ions;

20 a fourth step for concentrating the solution after solvent

extraction to sulfuric acid concentration of 60-75% by

THIS SHEET HAS BEEN
REPLACED




20 liters of-ne%hy+—+sabufy+—kerone whereby trivalent iron ions were
selectlvely extract ed an . The resulting 20 solution was then

br ought “into c$ ﬂ‘l“vl“ &Eml ers of 1 [err] solution of di(2-ethyl hexyl)
phosphoric aci ne, whereby titaniumions were extracted. -
These sol vent extractlon treatnments gave .10 liters of sol ution 16 havi ng
conposition conprised of 315 [err] of sulfuric acid, 0.00 [err] of

trivalent ironwvedrght Qo03efcever hpdréchbnt bima3id [err] of manganese, and
50 [err] of chlorine. 5 The trivalent iron ions extracted w th mnethyl

| sobutyl ket one Rckad: r%%%35?%¥ ?§P§P£1F9 Vﬁéfkf3§ulw%?6§ EPF@E? tPtObta'”

an aqueous solu ti'on ‘havin conposttion o nprise iron and
26 g/ Q of chlorine, and recovered as hydroxi de. After the recovery, about
420 g of iron vids s10 imecowaded as iron (111) oxide [err] by cal ci nati on.
The :
a sixth step for concentrating the separated Solution again

5 to sulfuric concentration of not less than 80% by weight.

4. The process according to Claim 3, characterized in that
said solvent extraction is carried out as to trivalent iron

ions and titanium ions individually.

[
) eet Has Been Re laced

N




recovery was about 98% The titaniumions extracted with 1 nol/[err]

sol ution of di(2-ethyl hexyl) phosphoric acid ester in kerosine were 15
reversel’y extracted with 20 liters of an aqueous 2 nol/Q of sodium

hydr oxi de sol ution, and the forned hydroxi de was recovered, after which it
was cal cined to recover about 60 g of titanium (1V) oxide. The recovery was
about 97% 20 The solution which had been treated with solvent extraction
was concentrategqpatrgbeut [err] and at 74 nmHg to a sulfuric acid
concentration of about 65% by weight to recover about 6.9 liters of
hydrochloric acid (72 [err] as 17 chlorine). The concentrated sol ution
was allowed to cool, and about 94 g of deposited netal sulfates (chiefly
manganese sul f ate nonohydrate) were separated. Thereafter, the solution was
concentrated at PROGEOS] EOR] REOAVER IN® SULFURIC ACID FROM METALLIC

SULFATE-CONTAINING EXHAUST SULFURIC ACID

Iﬁ order to efficiently and easily recover a speﬁt sulfuric
acid exhasuted, for example, in an acid washing liquid or
in producing titanium dioxide by a sulfate method in a
large amount, as highly concentrated sulfuric acid,

5 bivalent iron ions in the spent sulfuric acid containing
metal sulfate are first oxidized into trivalent iron ions,
hydrochloric acid is added to'such a liquid and then

solvent extraction is carried out.

THIS SHEET HAS BEEN
REPLACED




5 mMHg to recover 2.0 liters of about 81 wt%strength sulfuric acid

sol ution having conposition conprised of 1490 [err] of sulfuric acid, 0.1
[err] of titanium 3.2 [err] of manganese and 0.02 [err] or |ess of

chl orine.” The recovery of sulfuric acid was about ' 95% 10 In addition to

t he above-nentioned exanples, Table | shpye the conditions of extraction
rate of trivalent iron ions varied by the addition of hydrochloric acid. In
the table, the volunetric ratio of the organic phase to the aqueous 15
phase was 1:1, and all diluents except for nethyl isobutyl ketone were
diluted with kerosine. The conditions were the same as those of Exanple 2.
18 Table 1 Extraction Rate of Trivalent Iron Ions

FIG. |1
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Concentrati on Aqueous Phase Only Oxi di zat i on of

Extracting Oxidi zation + [err] Agent

(No [err] Addi ti on Extracting Agent Addi ti on) (Oxidizin
[errs] =-1:1) Conc. Met hyl i sobutyl <1%

99% ket one 20 vol % Tri butyl -phogphat e <1% 93%
20 vol % - 2- Et hyl hexyl 2-ethyl - 17% 53%

hexyl phosphoni ¢ aci d Trade. Nane: PC88A 20 vol % di (2-ethyl hexyl)
14% 38% phosphoric acid Trade Name: DPS8R 20 vol % bi s
(2,4,4-trimethyl- 11% 73% pentyl) phosphinic acid Trade

Nanme: CYANEX 272

FIG 2
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20 Vo ,()/L,//»'Fer—r'rﬁr—y’ Ani ne <1% | REPLACEMBMbSTiEERe

Name: Al am ne 336 %0 Hydr oxy. oxi ne
58% T+ 1m\|ﬂm
<1% - Nane: LI X54 Clasynms: 1. A prpcess tor

20 vol % [err]-diketbng 2% FEB 1997

<1%

reggne

a spent sulfurlc aC|d contai ning netal satfates chaf attertrzed

L tHat

\pots wopy

rating

divalent iro |ons in the spent sulfic acid is oxid| zeddnto t | ent g ron
i ons, hydrocH @i ‘acid is added to such a 5 Ii Nies li
extraction is carried out. 2. The process accor a

characterized in that said solvent extraction is carried out as to

trivalent iron ions and titaniumions individually. 10
1. A process for regenerating a spent sulfuric acid

containing metal sulfates characterized in that divalent

iron ions in the spent sulfic acid is oxidized into

trivalent irom ions, hydrochloric acid is added to such a

5 liquid and then solvent extraction is carried oul.

2. The process according to Claim 1, characterized

said solvent extraction is carried out as to trivalent

ions and titanium ions individually.

10

in that

3. A process for regenerating a spent sulfuric acid'

containing metal sulfates comprising:

~

a first step for oxidizing bivalent iron ions in a spent

sulfuric acid into trivalent iron ions;

iron

15 a second step for adding hydrochloric acid to such a liquid

so that a molar fraction of chorine ions in the liquid is

adjusted to at least 4 times that of iron ions:

a third step for subjecting solvent extraction of the

liquid to remove impure metal ions such as iron ions;

20 3 fourth step for concentrating the solution after solvent

extracltion to sulfuric acid concentration of 60-75% by



3. A process for regenerating a spent sulfuric acid containing netal

sul fates conprising: a first step for oxidizing bivalent ironions in a
spent sul ; o trivalent iron _ions; 15 a second step for adding
hydr ochl ml‘“'ﬂ"W“lﬂullmlml aliquid so t8%at a nolar fraction of chorine ions
inthe liquid s atjuUstéd to at least 4 tinmes that of iron ions; a third
step for subjecting solvent ex&r cti of the.ljquid to renove inpure netal
i ons such as ¥ieddh i dAsresBYET¢ &Sfﬁcgp%b'?o?cb hcentrating the sol ution
after solvent extraction to sulfuric acid concentration of 60-75% by

wei ght to reaovadthydteghlfori seperdf ingfmétal stwepf 4 brs skyiesdttienly artet a
sulfates deposited at this tine; and a sixth step for concentrating the

separat ed solytion ;gdai gy to sulfuric concentration of not |ess than 80%
by wei ght.

a sixth step for concentrating the separated solution again

5 to sulfuric concentration of not less than 80% by weight.

4. The process according to Claim 3, characterized in that
said solvent extraction is carried out as to trivalent iron

ions and titanium ions individually.
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4. The process according to Claim3, characterized in that said sol vent
extraction is carried out as to trivalent iron ions and titani umions
i ndi vidual | y. REPLACEMENT SHEET '

Abstt@ctl

PROCESS FOR RECOVERING SULFURIC ACID FROM METALLIC

SULFATE-CONTAINING EXHAUST SULFURIC ACID

In order to efficiently and easily recover a spent sulfuric
acid exhasuted, for example, in an acid washing liquid or
in producing titanium dioxide by a sulfate method in a
large amount, as highly concentrated sulfuric acid,
bivalent iron }ons in the spent sulfuric acid containing

metal sulfate are first oxidized into trivalent iron ions,

hydrochloric acid is added to such a liquid and then

solvent extraction is carried out. (Fig. 2

REPLACEMENT SHEET

25 FEB 1997




