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(54) 'Dtle: CONTINUOUS NON-POLLUI1NG LIQUID PHASE TITANIUM DIOXIDE PROCESS 

(57) Abstract 

A process and apparatus for producing titanium dioxide from 
titanium ore or slag is disclosed. The ore or slag (2) is reacted with 
sulfuric acid (3) in a reactor (1) in which hot gas for agitation (4) 
is used; Makeup acid from line (6) is ·fed to line (3). Together 
with recovered acid from the spray evaporator (34) reacted product 
overflows from the reactor to rotary filter (8). The filter cake is washed. 
in the rotary filter wbOse water comes in through line (14). The 
washed filter cake is delivemd to dissolving tank (10). Concentrated 
acid together with wash water is returned to the reactor through line 
(3). Filtrate is hydrolized in hydrolysis tank (2 l) to fonn titanium 
dioxide hydrate which is then calclned in a fluid bed calciner (30) to 
fonn titanium dioxide. 42 

39 

40 

42 

4 6 



W098/54095 PCT/0898/06499 

1 

CONTINUOUS NON-POLLUTING LIQUID PHASE 
TITANIUM DIOXIDE PROCESS 

. Da,,.'lr-•••""· ............ --. 
S There are.two types. oftitaninm dioxide pigments; both bave a tetragonal crystal 

. fonn. One aystal.fe>nn is an•tase (a soft crystal), and the other is rutile (a hard crystal). 

Anatase, which comprises nearly half of the market, is used in the paper, textile 

.. ··. •· fibei: and plastic ~dustries where a soft pigment will not wear away the cutting knives, 

.. ~ers and ipjection equipment. The sulfate process is amenable to the manuDcture 

10 of anatase pigmen~s. The vapor phase chloride process is limited. to the production of 

.. ; rutile. The prior process employing sulfates produced a large amount of pollution. 

Dev~lopment of this new process eliminates most of th~ pollution. . For a better 

understanding of the invention, this sulfate process is descn"bed. 

IS Drying and Grindi1lg 

Dmenite ore or titanium slag (eontah>ing 1 to 5% humidity as received in a plant) 

is first dried to 0.3% humidity. It is then ground to fiom an average of80 to 9So.4 minus 

. 200mesh. 

20 Digestion 

A typical Dmenite digestion reacted at 85% reaction acid is described a8 follows. 

71,000 pounds of66° Baume sulfuric acid are charged into a reactor, and air agitation 

·. is started. 45,000 pounds ofDmenite ground ore are slowly added (over 30 minutes), 

and then 6700 pounds of acceleration water are added. A reaction starts at ftom 95° io 
2S l0~°C, and·. the temperature in the reactor rises rapidly from 120° to 200°C with the. 

evolution of 10,000 to 12.000 pounds of steam (with entrained acids), which is vented 

to the atmosphere, causing so-called acid rain, the reaction is often violent, emptying to 

. the atmosphere with explosive force.. When the reaction is complete, the resulting porous 
; . . ' 

mass is allowed to coo~ and water is added to dissolve .soluble iron and titanium sulfates. 

30 Metallic ~n is added to reduce any ferric sulfate fonned, and the thus-obtained s1uny 

(suspension) is pumped to settling tanks. This operation takes from about 12 to 24. 

hours. 
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Settling and Washing 

Due to the presence of rutile in the ground ore, gangue minerals and colloids 
. . . . ·' . 

(mostly silica gel formed when digesting·ore or slag) the suspension cannot be mterect 

directly, and it is pumped tO settling tanks where the clear supernatant liquor and settled 

5 solids (mud) ·are obtained. The settled solids are 8gaiD dispersed and washed~­

curRntly in a series of~ tanks to recover a IDllXhDUnl amount of titanium sulfate. 
. . 

The number of i'equired tanks and their size take considerable land and entail significant 

cost. 

10 Filtration 

. The combined clear settled liquors fi'om the tirSt settlers (topthetwith leach 

liquor) are filtered and led to a vacuum evaporator (wheta using ihDeDite ore) or directly 

to a hydrolysis process (when using slag, which contains less iron). 

Evaporation· under vacuum at temperatures below 60°C is necessarY to prevent 

15 premature. hydrolysis. .. Copperas from a vacUum evaporator ajstaDizer· is filtered, 

20 

. ~ . 

'waihed mid dumj>ed·to sewage or sold. 

A typical analysis of the concentrated filtered solution'ready for hydrolysis is: 

Analyis fypical' VOJue 

Sp.Gr. 

%Ti0i 

%FeS04 

%llzSO, .. 

Hydrolysis · 

1.620 at 60°C 
· .... 

15.4 

10.8 

27.7 . 

25 · The solution is. then heated to a temperatUre of 96° ·c, and hydrolysis is started 

by pumping part of the liquor into 96°C hot water (about % of the liquor volume) over 

a period Ofl6minutes.. ThemiXtureisthen brought to a boil(102oC to 108°C). Boiling 

is contiDued until abolit 96%'·of the titanium is recoverect. · 
The resulting suspension·is led to a series of'cminter~cwTent filter arrlngements 

30 ·(e.g., Moore mtets), in which the titanium hydrate is ·sepafited· and washed. The 

resulting ·solution (containing weak sulfuric acid) is discharged to sewage. 
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The precwtinj ptOcess causes significant pollution, which is the reason why it is 

. being abolished in all industriali7.ed countries. 

S.1111111117 of tlM ln1ation 

S A prime purpose of the present invention is to use a series of novel steps w~ch 

prevent pollution and establish· a more economical sulfate process which can produce 

anatase (required in the paper, textile fiber, and plastic industries) and rutile (for paints, 

'. etc.). 

An object of the invention is to. eliminate acid rain, overflow of eftluent to water 

. 10 ways and.iqjection of eftluents into>the ground. Another object is conservation of water.-

·. .A :tbrther object is efficient heat balance management. Still fbrther objects are apparent 

tram the foUon.ig description. . 

The process does not require drying or grinding ore or slag, thus eliminating 

costly equipment and labor. Unground wet ilmenite ore as deli~ containing from 1 

15 .. . to. 5% BzO, or titanium slag is continuously fed. to a reactor with from 65 to 85% hot 

sulfiuic acid (121°C to 200°C) in sufficient quantity to keep the resulting slurry liquid (3· 

to:.8/1. suliiui.c. acid to,ore ratio, depending.on acid concentration, which can oscillate 

between 65%. and 85%). The reaction is very rapid, breaking large particles into a fine 

suspension, and agitation is provided either mechanically or with:. air -spargers. The 

20 reactor is made of sufficient size so that retention time (which is in the order of from 2· .. 

to 8 hours) of the ore or slag and acid is sufficient to digest 900A. of the Ti02• 

The reacted s1mry is then continuously fed to a vacuum filter instead of the first 

spray dryer as depicted in antecedent patent application Serial No. 08/645,344. 

(Filtration produces about a 4 to 1 acid to TI02 ratio. As a result a spray· drying 

25 . technique was previously developed to evaporate the excess. acid back to a 2/1 acid to · 

1'i02 ratio). 

The use of a water wash to remove the excess acid was not gen~ considered 

because the titanyl cake is water sol~le. However, it has been· found that dissolution of 

titanyl sulfate is not rapid and a displacement wash ofwater·(slightly acidified) does in 

30 fict.remove excess acid without removing much titanium dioxide. This haS now become · 

the preferred process, .and one of the advantages is that the displacement wash yields 

strong acid which can be recycled back to the reactor. 
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Acid strength can be ftom·ss to BS%;'6S%is Preferled because it hai a minimuln 
solubility of salts. When ll'oJ1 ·is left·in the ~xidized ··8tft~· it appears to be· removed to 

.some extent from the raw cake by the washing proceduJ'.e. 
. .· .. 

-The ability to recycle acid directly back to the reactor makes it posstble to 

S ·decouple the spray drier· fbr the Me>Ore acid reciycle·ftoi:n:'the reaCtor loop, and it is only 
: . . . 

used to concentrate dilute 25% acid. 

·The acid ftmn the· Moore filter and the above slui'ry wash contains all the iron· 

-sulfiite comingftom the~ Since ferrous ~e is m.>luble in concentrated sulfuric 
. ' ;. 

·acid. it is removed by filtr8tion after being concentrated ·l?Y evaporation in the sole spray 
. . :·. 

10 · drier, arid the acid is fe:.circulated to the ~or. ThePses'trom the reactor and fi'olil' 

·the sole ·spray drier (containing'moStly Water Vapor· an4··soine acid) are ·condensed and · 

used to wash the cake. In this manner more thari 97GA.~'of tile· acid is recovered at this• 

·point. · 

The Cake (cOntainingtitallylild&te, ferrous sulfate.,·&rric sUlfate· am irisolubilized 

15 colloids) from the reactc>r·filter ispartially dissolved ~~acid·water.trom condensers,··· 

taking care not to ex'.ceecl a temperature of 600C, ~g premature hydrolysis. 

Reduclng agent is added to reduce the irori to the 2· valent state Ind to put 3 grams per 
. . . -~. 

· · liter ofthe·titanium to' the 3 ·valent state; The ·resultingsulpension is· then filtered in a 

rotary filter with pre-cOat and filter aid. The obtained filtef 'cake is washed· and diicarded 

20 after proper neutraliz&tion. 

Obtained filtrate :is then. conduCted· to a h~lysis department, where it is 

· : . · · · ·hyctr0tym1, without firSt removing copperas (ferrous 'sulfate), to produce titanium oxide 

·hydrate~·· The resulting suspeosioD is filteted to obtain· filter.cake. The'wlshCd filter cake 
. . 

· · · · (titanium'· dioxide hy~e) is chemiciuy treated ·wit)i' a precalcination' addition of 

25 . chemicils· and calcined ma fluidized cilchier at a temp~ art>Und 925°C to·980°C .. 

to form anatase, 'Yhich is .cooled, ground and packed. · Hot gases ftom the ·t1wdizer, 

containing sultbric acid and s0me titanium dioxide, ·are fecycled to the sole spray dtyer, 

. which absorbs the: acid·~ any so; formed Ind evapotates the water~ (Note that the sole 

· spray dtyer-is really an-evaporator). 
. . ·. 

: • • I• ; ~ ' < ' •• I ·, 0 0 • '• 'I '' o • 

30 ·There· are, a number Of distinct· IBPects to 'the· ~ect invention, each of which 

comprises process steps or equipment supporting such nq,s. ···Several of the·asj>ects (in 

process terms) are as follows: · 
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a) reacting titanium, ore or slag with hot sulibric acid, separating out filter cake of 

titanyl sul&te fhiib the .resulting reaction prodtict, fumbining the cake with acid 

water to form a panially dissolved . product as a suspension, filtering ·the 

. suspension, hydrolyzing the tlms-obtained filtrate to convert titanium dioxide 

· . S . hy~ and calcining the titanium dioxide hydrate to obtain anatase pigmeJ!t;. 

b) using bot gases from the calcining"means.to-evaporate the solutions obtained 

from.the reaction of titanium ore or slag with hot sulfuric acid -from hydrolysis; 

· c) ·recycling hot gases (containing sulfuric acid) from the caleine .. and·wash water 

from titanium dioxide hydrate filtering means to spray. dryer means for producing 

10. . . ferrous su1f8te monohydrate and for producing acid· water for· partially dissolving 

free-flowing solids from the reaction product of titanium ore.or slag with bot 

.sulfuric acid; and 

d) recycling filtrate (hot concentrated sulfuric acid) from ferrous· sulfate 

monohydrate filtering means to the reactor means for reacting titanium ore or 

15 . . . slag.with hot sulfuric aeid. 

20 

. .. Brief Description of the Drawing 

. Figure .1 is a schematic presentation of the process and equipment suitable for the 

invention. . 

Details 

Raw material, e.g., pre-oxidiml slag or Dmenite, is fed through line (2) to reactor 

. , (1). Hot gas is fechbrough line (4) to provide agitation by means·of a Pachuca tube (S). 

Acid is fed through line (3) with make up acid ftom line (6). Together with recovered 

25 . acid .. from the. spray evaporator (34), reacted product .(containing titanyl sulfate, iron · 

. . . sulf8te and.other sultites) overflows ftom reactor (1 )·through line (7) to rotary filter (8). 

Obtained filter cake is given a disp1acement wash on rotary filter (8); whose water comes 

in through line (14). The washed filter cake is deliverecf.tbrough.Jine (9) to dissolving 

tank (10). Concentrated acid from rotary filter.(8), together with displacement wash, is 

30 returned to reactor (1) through line (3), which also receives make-up concentrated acid · 

through line (6) .. Steam, .together with some acid formed during reaction in reactor (1 ), 

is led through line (11) to condenser (12), and from condenser (12) through line (13) to 
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diss<>lvirig tank (10). ' Additional water containing acid fi'om condenser (41) is led 

through line (lS) to dissolving tank (10). RedUcing matFrial (ir0n, aluminum)is added 

to dissolvingtank(lO), together With insoluble materials, flu'oUgh line (16) to filter (17). · 

Clear filtrate ftom filter (11) is' led through line (18) to ·pi.heater (19), arid ftom pre-: 
. . . 

5 . heater c19)'tbroush line ;c20> to hydrolysis t8Dk c21). :" unreactec1 ore and inse>t~bte · ·. 
material ·is deliveted ftom·filter (17) through line (22)tp·waste. Hot liquor from pre­

heater (19) is then ~ced tbi'<Jugh Jine·(20) to hydro~ tank (21)~ in which it reacts · · 

With hot water ftom line (24), ·which bas b. previo~y ~traduced to seed. and start · 

'hydro1ysi& The resmthig· mixture is then brought to a bo~ ·using live steam ·transmitted 

1 O . · . through ·line (25). After hydrolysis, the obtained titaniunfdiOxide hydrate flows through' : 

·. line (26)·to Moore filters '(27); · 'F°dter cake ·ftom Moore tilters '(27)is delivered through·· 

line (29) to fluid bed calciner (30), where it meets hot 8ases ftom line (31 ). ··Calcined -

·titanium·dioxide is·delivered through line (39) to cool~ packin& and grinding, not 

·shown. Gases flow fi'oin cyclone (32) throusJi-line (33) t~ spray drier (34) through line 

lS · (35) to -filter (36) .. Insoluble.ferrous sulfate mon<>hy~e ·trom tilter (36) is delivered" : 

20 

·· -through line (37) to WllShin& drying and packing, riot s~~wn. Concentrated acid is led 

through line (42) to lhie (3) and thus deliWred back' to ~ (1). Steam [With some 

acid from spray drier (34)) is led throllgh line (40)to con4enser (41). Water [with some 

acid from condenser(41)J is led to dissolvirigtank (10) ihroughliiie (15). 

Exanrple 

Beach sand and 65% .sulfuric acid are· added into a reactor with an acid to ore· -
. :: . 

ratio offtom 5:1 to 7:1. · 

The resulting admixture is heated to l80°C and agitated for 8 hours. 

25 The reacted ore slurty is discharged iiito a filter, ·and a vacuum of -28mm Hg is ·· 

pulled to separate excess fluid. The filtrate is 57.3% aci~~ 7.8% Fez(SO~ 0.4% Ti02• 

Thus-obtained filter cake is washed with·2% acidified water. The filtrate contains . : ·. 

40.65% acid, 1.79% TiC>i and 9.1% Fe(SOJ,. 

The cake contains 16.2% Ti021 12.'1°A F~(SOJ; and 33% acid, giving a 2.0 to 
' ' 

30 1.0 acid to Ti02 ratio. 

... 
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Acidified water (4% acid) is added to the cake to dissolve it. Aluminum powder 

· is added to reduce the~ solution and produce 2 grams per liter of reduced Ti~. 

The solution is heated to 50°C to promote the dissolving. 

·. Insoluble solids are~ fi'om the thus-obtained ·product by means of a filter, 

s washed and dumped. 

The· filtrate contains 14.3% Ti~ 4.4% FeSO., and 26.5% sulfuric acid, giving 

a 1.9 acid to Ti~ ratio. 

The solution (filtrate) and a weighed amount of water are preheated. The 

resulting hot solution is fed into hot water in the hydrolysis tank. The mixture is brought 

10; . to a boiL After hydrolysis the obtained.Ti02 hydrate is filtered and washed. 

The obtained filter cake is treated for calcmauon and calcined at.from 925°C to 

9800C to obtain .the desired pigllient quality. 

The invention and its advantages are readily understood from ·the· foregoing 

description. "It is -apparent that various changes may be~ made· in the process and 

15 · · . apparatus without departing from.the spirit and scope of·the ~on or sacrificing its . 

.. material advantages. The process and apparatus hereinbefore described are merely 

illustrative of preferred embodiments of the invention. 
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, WBAT·IS CLAIMED IS:·· · . .:; 

1. A non-polluting liquid~pbase process for producing titanium dioxide 

pigment from titanium ore or slag which comprises the following steps: 

a) reacting the ore or slag with sultbric acid to obtain a solid-fonn reaction product, 

S . b) wash-filtering the reaction product withwash water to obtain·filter cake and· 

filtrate comprising. used wash wafer,' 

10 

15 

20 

2S 

30 

c) recycling the filtrate to step (a), 

d) separating out and recovering in aqueous sohltion, water-soluble components of . 

the filter cake, 

e) 

t) 

,i''' . 

·, g)' 

h) 

i) 

j) 

k) 

subjecting the water-soluble components, in solutioD, to hydrolysis to convert· 

titanium values therein to titanium dioxide hydrate,· aitd · · · 

calcining the titanium dioxide hydrate to obtain titanium dioxide pigment. 
. . .· .. : 

2. A.process of claim lwhich comprise& the following steps: 

dissolving in water water-soluble components ofthe filter.cake obtained· in step~ 

(b),.: .. . .... ·. 

filtering the product .of step (g) to obtain• dear~· · · ·· 

hydrolyzing the dear filtrate to obtain tit:aniuln dioxide hydrate, ·. 

. filtering the product of step (i) to obtain. a further filter cake, and 

calcining the further filter· cake to obtain calcined titanium dioxide. 

3. A process of cliim 1 for converting titanium ore or Slag to anatase 

pigment, which process is a continuous process comprising the following steps: 

. a) reacting the ore or slag with sultbric acid to obtain,· as a reaction product, titanyl 

b) 

·. c) 

d) 

e) 

t) 

sul&te, iron sulfate and other suJ&tes, 

filtering and washing the reaction product to obtain a washed filter cake, filtrate 

and. used wash water, . 

recycling the filtrate and used wash water to step (a),· 

dissolving in water water-soluble components, comprising titanyl sulfate, iron 

sul&te and other water-soluble sul&tes, ·of the washed .filter· cake, 

filtering the product of step (d) to obtain a clear filtrate, 

hydrolyzing the clear filtrate to obtain titanium dioxide hydrate, and 

I i 

.i 

.. ::1 ,: 
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g) calcining the titanium dioxide hydrate to obtain titanium .dioxide pigment. 

4. A process of claim 3 wherein titanium ore is reacted in step (a). 

s. A process of claim 4 wherein the titanium ore is ilmenite. 

6. . A~ of claim3 wherein preoxidized titanium slag is-reacted in -step 

(a). 

7. · Apparatus for converting-titanium ore or slag to anatase pigment, which 

apparatus comprises: 

a). .reactor.means to react the titanium ore or slag with sulfuric acid and to obtain a 

b) 

c). 

d) 

e) 

t) 

g) 

: h) 

i): 

reaction product comprising titanyl sulfate, iron sulfate and other sulfates, 

means to introduce the ore or slag into the reactor means; 

means to ~uce the sultbrlc acid .into the reactor means, . . . 

means to agitate reacting components within the reactor m~. 

first filter means to obtain filter cake and filtrate ftom the reaction prodUct, 

means to conduct the reaction product ftom the reactor means to the first filter 

means; 

means to wash the filter cake with wash water and to obtain washed filter cake 

and used wash water, 

means.to recycle filtrate ftom first filter means (e) and the used wash water to 

reactor_ means (a)» 

disso~ tank~ to place in aqueous solution water-soluble components, 

including titanium values, of the washed filter cake, ·.the aqueous solution further· 

comprising undissolved,: insoluble material, 

j) means to conduct the washed filter. cake to the dissolving tank.~ 

k) means to conduct~ to the dissolving tank: means, 

1) ~ sepu.ator.means to-~- ttu, aqueous solution from the insoluble material 

o~_ftom :the dissolving tank means, 

m) hydrolysis tank means to hydrolyze dissolved titanium values in said last-noted 

aqueous solution to obtain titanium dioxide hydrate, 
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q) 

r) 

s) 

. t) 

u) .· 

v) 

w) 

x) 

y) 

10 

means to ·conduct the aq1leous solutio~ free from insoluble material, from the 

first separator means to the hydrolysis tanlc means, 

· second filter means to separate obtained titanium dioxide hydrate from filtrate, 

means to conduct product from the hydrolysis tank means to the second filter ·. 

means, ··.. ' .· 

calciner means to convert. the titanium dioxide hydrate to anatase pigment, and 

means to conduct titanium dioxide hydrate· &om.the second filter means to the · 

calciner means. 

· 8. Apparatus of claim 7 further comprising: 

spray-drier means, 

means to condUct gas·ftom the calciner means to: th~ spray-drier means, 

means to conduct •filtrate from the second filter means to the spray-drier means, . 

second separator means, 

means to condtict concentrated acid containing terro1ls sWtaie monohydrate to 

the second ·separator means, 

means· to withdraw insoluble ferrOlis suJ&te _,nohydrate from the second 

separator means,· and 

means to conduct concentrated acid from the second separator means to reactor 

means (a). 

9. Apparatus.according to claim 8 wherein means (k) comprises means to 

conduct steam together with some acid formed in reactor mearis (a) ·and means to 

conduct steam and some acid from spray-drier means (s) to the dissolving tank means. 

10. A process of daim 1 for converting titanium ·ore or slag to anatase 

pigment which comprises the following steps: 

a) reacting the titanium ore or slag with sulfuric acid,· under agitatio~ to obtain a 

reaction prodlict comprising titanyl sulf&te, iron SUJfilte and other sulfates, 

b) filtering the reaction product to obtain filter Cake 8tic1 filtrate, 

c) . washing the filter cake with wash water to obtain washed filter Cake and used 

wash water, 

I ! 
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d) recycling the filtrate and the \lsed wash ~ter to ste&> (a),. 
e) dissolving in W-. water-soluble components; in~g titanium values of the 

washed filter cake, the· resulting. aqueous solution ·further comprising, 

undissolved, insolubl~ material, 

t) 

g) 

separating the aqueous s01ution from the insoluble material, 

hydrolyzing dissolved titanium values in the aqueous solution to obtain titanium 

dioxide~ 

h) filtering obtained titanium dioxide hydrate from filtrate, which contains acid and 

ferrous sulfate monohydrate, 

i) 

j) 

calcining the titanium dioxide hydrate to convert it to.anatase pigment, 

conducting heat and gas from step (i) to step (k),.. 

k) spray-dcying the filtrate, which contains acid and ferrous sulfate monohydrate, to 

obtain concentrated acid, insoluble fen:ous sulfate monohydrate. and steam, 

I) recycling the concentrated acid to step (a),. 

IS m) recycling the steam, containing some acid, to step (c), and . 
n) conducting steam and some acid produced in step (a) to •ep (c). 

11. A non-polluting liquid-phase process for producing titanium dioxide 

pigment from titanium ore or slag which comprises the following steps: 

20 a) reacting titanium ore or slag with hot sulfuric acid to obtain a reaction product, 

25 

30 

b) filtering the reaction product to separate filter cake of titanyl sulfate :from the 

reaction product, 

c) combining the filter cake with acid water to form a partially-dissolved product as 

a sus.J>CDSion, 
d) :filtering the suspension to obtain filtrate thereof: 

e) hydrolyzing the filtrate to convert titanium values therein to titanium dioxide 

hydrate, and 

f) calcining the titanium dioxide. hydrate to obtain hot gases and anatase pigment. 

12. A process of~ 11 which comprises filtering the product of step (e) 

to obtain a further filtrate and filter .cake, and using the hot gases (containing sulfuric 
acid) from step (f) to evaporate liquid :from the further :filtrate. 
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13. AprDceSs Of claim 1~ which comprises washing the further filter cake to 

obtain washed :filter cake and used wash water; recycling the hot gases from step (f) and 

used wash water to spray dryer (evaporator) means for producing ferrous suJfilte 

monohydrate and acid water, and using the acid water in step (c). 

14. A process of claim 13 which coinpiises ·filtering the ferrous sulfide 

monohydrate ftom the acid water to obtain hot concentrated su1tbric acid filtrate, and 

recycling the hot concentrated ·sulfuric acid filtrate to step (a). 

1111m1i11nr · 
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AMENDED CLAIMS 
[received .. by the lnternati.onal Bureau ~n 5 August 1998 (05.08.98); 

original claims 1, 2 and 10 amended; remaining claims unchanged (2 pages)] 

WHAT IS CLA1MED IS: 

1. A non-polluting Jiquid-pbase process for prOdudng titanium dioxide pigment 
from titanium ore or slag which comprises the f()llowing steps: 
a) ·. reacting the ore or slag with sufficient sulibric acid to obtain a liquid slurry reaction 

5 product, 
b) filtering the reaction product to obtain a filter~ 
c) ·wash-filtering the filter cake with wash water to obtain a further filter cake and 

filtrate comprising used wash water, 
cl) .. recyc1ing the filtrate to step (a), 

1 o e) separating out and recovering, in aqueous solution, water­
.soluble components of the filter cake, 

t) subjecting the water-soluble components, in solution, to 
hydrolysis to convert titanium values therein to titanium dioxide hydrate, and 

g) calcining the titanium dioxide hydrate to obtain titanium 
15 dioxide pigment. 

2. A.process of claim I wherein step (c) comprises 
g) dissolving in water water-soluble components of the filter cake obtained in step (b), 

and the process tbrther comprises: 
20 h) filtering the product of step (c) to obtain a clear filtrate, 

i) hydrolyzing the clear filtrate to obtain titanium dioxide hydrate, 
j) filtering the product of step (i) to obtain a tbrther filter cake, and 
k) calcining the tbrther filter cake to obtain calcined titanium dioxide. 

25 3. A process of claim 1 for converting titanium ore or slag to anatase pigment, which 
process is a continuous process comprising the folloWing steps: 

30 

a) 

b) 

c) 
cl) 

. e) 

35 f) 

reacting the ore or slag with sultbric acid to obtain, as a reaction product, titanyl 
suJ&te, iron sulfilte and other sulfates, 

filtering and washing the reaction~ to obtain a washed filter cake, filtrate and 
~wash water, 
recycling the filtrate and used ·wash water to step (a), 
dissolving in water water-soluble components, comprlsing titanyl suJ&te, iron sulfate 
and other water-soluble sul&tes; of the washed filter cake, 
filtering the product of step (d) to obtain a clear filtrate, 
hyc:lrolyz.ing the clear filtrate to obtain titanium dioxide hydrate, and 

--- ---·------
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n) 

o) 

14 

means to conduct the aqueous solutio~.~ from insoluble material, ftom the first 
separator means to the hydrolysis WJk ineans, . 

5 p) 
second filter means to separate Qbtained titanium dioxide hydrate ftom filtrate, 

means to conduct product ftom the hydrolysis tank means to the second filter means, 
calciner means to·~ ii.~ µ~µpi cli<mide hy~ to anatase pigment, and 
means to conduct ti~ di~cl~ by~ ftQ.-i the second filter means to the 

10 

15 

20 

25 

q) 
r) 

s) 
t) 
u) 
v) 
w) 

. x) 

. y) 

. ,. ' . : , .. 

calciner means. 

8. Apparatus of claim 7 ~er CQmpgsing: 
. . :· · .. • . 

spray-drier means, 
means to conduct gas from the ~ciJler meaµ11 tq ~ SF21Y-drier means, 
means to conduct :f:iltme ftom the ~filter~ to the spray-drier means, 
second separator means, 
means tO conduct. con~ acld ~g fFous sulfate monohydrate to the 
second separator~ 
~ towiUidrawin$oJuble~ ~~~drate ftom the second separator 
means, and . . 

means to conduct eonCentratecJ acid trom the s~nd separator means to reactor 
means(a). 

. .. . 9. Apparatus~ to~·· 8 w•~ ~ (k) comprises means to conduct 
steam together with some acid f9rmed i,n ~~(a) and means to conduct steam and 
som~ acld fto~ ~pray-drier~ (~)· ~ *1>.e di~9l~g tank means. . 

·' .. ; .. . . .. :· .... 

10. A process Qf ~ 1 for co~ titaniQID ore or slag to anatase pigment 
which comprises~ follmvjng steps: 

a) reacting the titanium ore or slag with excess sulfuric aci~ under agitatio~ to obtain 
a reaction product comprlsµig titm,yl ~ iron sulfate and other sulfates, 

30 ·b) · ... filterlng the reacti9~ produ9l,tQ. o~ lllter •and filtrate, . 

c) washing the fi1t.ec ~with w#·water to ol>tain ~ed filter Cake and used wash 
water, 
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WHAT IS CLAIMED IS: 

1. A non-polluting liquid-phase process for producing titanium dioxide 

pigment from titanium ore or slag which comprises the following steps: 

a) reacting the ore or slag with sulfuric acid to obtain a solid-form reaction product, 

b) 

c) 

d) 

e) 

f) 

wash-filtering the reaction product with wash water to obtain filter cake and 

filtrate comprising used wash water, 

recycling the filtrate to step (a), 

separating out and recovering, in aqueous solution, water-soluble components 

of the filter cake, 

subjecting the water-soluble components, in solution, to hydrolysis to convert 

titanium values therein to titanium dioxide hydrate, and 

calcining the titanium dioxide hydrate to obtain titanium dioxide pigment. 

2. A process of claim 1 which comprises the following steps: 

h) dissolving in water water-soluble components of the filter cake obtained in step 

i) 

j) 

k) 

(b), 

filtering the product of step (h) to obtain a clear filtrate, 

hydrolyzing the clear filtrate to obtain titanium dioxide hydrate, 

filtering the product of step (j) to obtain a further filter cake, and 

1) calcining the further filter cake to obtain calcined titanium dioxide. 

3. A process of claim 1 for converting titanium ore or slag to anatase 

20 pigment, which process is a continuous process comprising the following steps: 

25 

1) reacting the ore or slag with sulfuric acid to obtain, as a reaction product, titanyl 

sulfate, iron sulfate and other sulfates, 

2) filtering and washing the reaction product to obtain a washed filter cake, filtrate 

and used wash water, 

3) recycling the filtrate and used wash water to step (1 }, 

4) dissolving in water water-soluble components, comprising titanyl sulfate, iron 

sulfate and other water-soluble sulfates, of the washed filter cake, 

5) filtering the product of step ( 4) to obtain a clear filtrate, 

6) hydrolyzing the clear filtrate to obtain titanium dioxide hydrate, and 
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7) calcining the titanium dioxide hydrate to obtain titanium dioxide pigment. 

4. A process of claim 3 wherein titanium ore is reacted in step (1). 

5. A process of claim 4 wherein the titanium ore is ilmenite. 

6. A process of claim 3 wherein preoxidized titanium slag is reacted in step 

5 (1). 

10 

15 

20 

25 

30 

7. Apparatus for converting titanium ore or slag to anatase pigment, which 

apparatus comprises: 

a) reactor means to react the titanium ore or slag with sulfuric acid and to obtain 

a reaction product comprising titanyl sulfate, iron sulfate and other sulfates, 

b) 

c) 

d) 

e) 

f) 

g) 

means to introduce the ore or slag into the reactor means; 

means to introduce the sulfuric acid into the reactor means, 

means to agitate reacting components within the reactor means, 

first filter means to obtain filter cake and filtrate from the reaction product, 

means to conduct the reaction product :from the reactor means to the first filter 

means; 

means to wash the filter cake with wash water and to obtain washed filter cake 

and used wash water, 

h) means to recycle filtrate :from first filter means (e) and the used wash water to 

reactor means (a), 

i) dissolving tank means to place in aqueous solution water-soluble components, 

including titanium values, of the washed filter cake, the aqueous solution further 

comprising, undissolved, insoluble material, 

j) means to conduct the washed filter cake to the dissolving tank means, 

k) means to conduct water to the dissolving tank means, 

1) first separator means to separate the aqueous solution from the insoluble 

material obtltjned from the dissolving tank means, 

m) hydrolysis tank means to hydrolyze dissolved titanium values in said last-noted 

aqueous solution to obtain titanium dioxide hydrate, 

n) means to conduct the aqueous solution, free from insoluble material, from the 

first separator means to the hydrolysis tank means, 

o) second filter means to separate obtained titanium dioxide hydrate from filtrate, 
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p) means· to conduct product from the hydrolysis tank means to the second filter 

q) 

r) 

s) 

t) 

u) 

v) 

w) 

means, 

calciner means to convert the titanium dioxide hydrate to anatase pigment, and 

means to conduct titanium dioxide hydrate from the second filter means to the 

calciner means. 

8. Apparatus of claim 7 further comprising: 

spray-drier means, 

means to conduct gas from the calciner means to the spray-drier means, 

means to conduct filtrate :from the second filter means to the spray-drier means, 

second separator means, 

means to conduct concentrated acid containing ferrous sulfate monohydrate to 

the second separator means, 

x) means to withdraw insoluble ferrous sulfate monohydrate from the second 

separator means, and 

y) means to conduct concentrated acid :from the second separator means to reactor 

means (a). 

9. Apparatus according to claim 8 wherein means (k) comprises means to 

conduct steam together with some acid formed in reactor means (a) and means to 

conduct steam and some acid :from spray-drier means (s) to the dissolving tank means. 

10. A process of claim 1 for converting titanium ore or slag to anatase 

pigment which comprises the following steps: 

1) reacting the titanium ore or slag with excess concentrated sulfuric acid, under 
_,... .. aa:: 

agitation, to obtain a reaction product comprising titanyl sulfate, iron sulfate and 

other sulfates, 

2) filtering the reaction product to obtain filter cake and filtrate, 

3) washing the filter cake with wash water to obtain washed filter cake and used 

wash water, 

4) 

5) 

recycling the filtrate and the used wash water to.step (1), 

dissolving in water water-soluble components, including titanium values of the 

washed filter cake, the resulting aqueous solution further comprising, 

undissolved, insoluble material, 
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6) separating the aqueous solution from the insoluble material, 

7) hydrolyzing dissolved titanium values in the aqueous solution to obtain titanium 

dioxide hydrate, 

8) filtering obtained titanium dioxide hydrate from filtrate, which contains acid and 

ferrous sulfate monohydrate, 

9) calcining the titanium dioxide hydrate to convert it to anatase pigment, 

10) conducting heat and gas from step (9) to step (11), 

11) spray-drying the filtrate, which contains acid and ferrous sulfate monohydrate, 

to obtain concentrated acid, insoluble ferrous sulfate monohydrate and steam, 

12) recycling the concentrated acid to step (1 ), 

13) recycling the steam, containing some acid, to step (3), and 

14) conducting steam and some acid produced in step (1) to step (3). 

11. A non-polluting liquid-phase process for producing titanium dioxide 

pigment from titanium ore or slag which comprises the following steps: 

a) reacting titanium ore or slag with sufficient hot sulfuric acid to obtain a liquid 

slurry reaction product, 

b) filtering the reaction product to separate tilter cake of titanyl sulfate from the 

reaction product, 

c) combining the filter cake with acid water to form a partially-dissolved product 

as a suspension, 

d) filtering the suspension to obtain filtrate thereof, 

e) hydrolyzing the filtrate to convert titanium values therein to titanium dioxide 

hydrate, and 

f) calcining the titanium dioxide hydrate to obtain hot gases and anatase pigment. 

12. A process of claim 11 which comprises filtering the product of step ( e) 

to obtain a further ti~trate and tilter cake, and using the hot gases (containing sulfuric 

acid) from step (f) to evaporate liquid from the further filtrate. 

13. A process of claim 12 which comprises washing the further tilter cake 

to obtain washed tilter cake and used wash water, recycling the hot gases from step (f) 

30 and used wash water to spray dryer means for producing ferrous sulfate monohydrate 

and acid water, and using the acid water in step (c). 
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14. A process of claim 13 which comprises filtering the ferrous sulfate 

monohydrate from the acid water to obtain hot concentrated sulfuric acid filtrate, and 

recycling the hot concentrated sulfuric acid filtrate to step (a). 

15. Apparatus for producing titanium dioxide pigment from titanium ore or 

5 slag in a non-polluting liquid-phase manner, which apparatus comprises: 

10 

15 

a) reactor means to react the ore or slag with sufficient sulfuric acid to obtain a 

liquid slurry reaction product, 

b) means to wash-filter the reaction product with wash water to obtain filter cake 

and filtrate comprising used wash water, 

c) 

d) 

means to recycle the obtained filtrate to the reactor means (a), 

~eans for separating out and recovering, in aqueous solution, water-soluble 

components of the filter cake, 

e) means for subjecting the water-soluble components, in solution, to hydrolysis 

f) 

to convert titanium values therein to titanium dioxide hydrate, and 

means for calcining obtained titanium dioxide hydrate to obtain titanium dioxide 

pigment. 

16. A process of claim 1, wherein sufficient sulfuric acid in step (a) is 

sulfuric acid having a concentration of from 65% to 85% and corresponding to an acid 

to ore ratio of from 3/1 to 8/1. 
:ii :~ .... ,. 
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