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Abstract 

An absorption proccss of 802 in thc aqueous suspension of ilmenite bas been found to be nn efficient 

proeess of gas desulphurization. Practicafly, the complete absorption of 802 is possible at the appropriate 

selection of the principa! process parameters: ilinenite content in Łhe suspension, and temperature. 
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Introduction 

Ilmenite is a basie raw materiał for titanium wbite 

(Ti02) manufacture by the sulphate process [1]. It is the 
complex minerał based on iron (II) metatitanate - Fe0 
Ti02. Ilmenite concentrate usualły contains ca. 40% Ti02 

and the admixture of oxides of yariable yalency metals 

such as Mn, Cu, Cr, and y, as weli as other metais: Mg, Ca, 
AL 

The chemical conception of a gas desulphurization 
process from Ti02 manufacture has been formulated on the 
basis of pretiminary studies [2], assuming the absorption of 
waste S02 in the aqueous suspension of ilinenite. Accor-
ding to this concept, the process run is highly comptex. In 

the first, the main stage proceeds the absorption of 502 and 

OZ, contained in a waste gas, followed by the catalytic 
oxidation of 502 in the solution: 

802 + 1/2 02 + H2 H2504 (1) 

The catalytic agents for this reaction are ions (Me"i of 
yariable yalency metais [3]. Ions of manganese, copper, 
iron, chromium and cobait are mentioned as the most ac-
tiye catalysts [4-6]. 

In the inyestigated process, a catałyst of the reaction (1) 
are Fe ions, whose catalytic actiyity is intensified by ions 
of the other yariable yalency metais contained in ilmenite. 

In the subsequent process stage the formed sulphuric 
acid reacts with the ilmenite components: 

Fe0 Ti02 -ł- 2H2804 - FeS04 ± TiS04 + 2H10 (2) 

Me0 ± nH2S04 -„ Mem(504)n + nH,0 (3) 

It should be pointed out that reactions (2) and (3) also 
proceed during the sotubilization of iltnenite in coacent-
rated H2504 in the Ti02 tnanufacture process. It was as-
sumed that a mixture, after 802 absorption, would be fur-
ther treated in the titanium wbite inanufacture plant. There-
fore, Urn inyestigated process of the gas desulphurization is 
based on the raw materials used for Ti02 manufacture, 
which does not lead to the formation of wastes and allows 
saying of some amounts of H2504 in the titanium white 
manufacture process. 

Preliminary studies [2] haye found that the parameters 
which haye a decisiye influence on the 502 absorption 
progress are the ilmenite content in the suspension, and 
temperature. As a resuit of the monofactorial design proce-
dure it has been established that good conditions for the 
process operation are achieyed at ilmenite content of 60 
g/dm3 and a relatiyely high temperature - 80°C, or 50°C 
and ilmenite content of 140 g/dm3. 

It was assumed that the process should not be inten-
sifled by a signifleant increase of these parameters. This 
particularły concerns temperature. which determines the le-
yel of energy consumption. Therefore, the effects of both 
parameters on 802 absorption bas been studied using the 
extreme experiment design procedure [7, 8]. 

Experimental 

Ilmenite concentrate containiag 43.96% Ti02; 41.1% 
Fe; and 5.7% Fe203 was employed in the experiments. The 
remainder was an admixture of oxides of metais such as 

Co, Mn, Cr, and y, as weli as Ca, Mg and At. A fraction 
with Urn gram diameter ý 10 m was used. 
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Fig. I. Schematic diagram of apparatus for the absorption of SOj; 1 - reactor with stirrer, 2 - uttrathermostat, 3 gas cylinder with 802, 4 - air metering pump, 5 - washer filled with granular CaD,, 6 .- rotameter, 7 - fleometer, S - gas miKer, 9 - yaiye for gas samphng, 
10 - thermometer, II - reflux condensor, 12 

- 803 analyzer 

The absorption and oxidation of 802 was studied using 
the experimentai system shown in Figure 1. Ak, dried in 
a washer containing CaCi2, along with 802 from a gas 
cylinder, entered the mixer and then a reactor. The bar-
botage reactor with a glass sinter grate nad stirrer with nn 
inner diameter of d=50 mm was used. The yoiumetric flow 
rate of the gases was measured using a fieometer and a ro-
tameter. The post-reaction gas escaped from the reactor 
through a refiux condenser placed aboye it, which preyen-
ted a change of yolume and sotution concentration as a re-
suit of water eyaporation. It was then directed to a drying 
washer with Cad2 and then to 802 analyzer. The anatyzer 
used an Infratyt IV recorder, permitting continuous recor-
ding of the concentration changes in the effiuent. The gas 
sampling yaiye was placed beside the gas mixer to perform 
the control chemicat anatyses. 

The degree of 802 concentration in the gas at the reac-
tor inlet and outlet was taken as a criterion for the process 
eyoiution: 

Co - 

= S02 

Co 
502 

where: 
C°0 - constant concentration of 802 at inlet 

= L f C50. dt - ayerage concentration of 802 at t J outlet 

O 

perimental design and the yalues of the degree of 802 
absorption (a502) are shown in Tabies 1 aud 2. 

It was initiaiiy assumed (senes 1), Wat the tempenature 
on the fundamental leyei amounts to 40°C and the ilmenite 
content in the suspension - 40 g/dm3 . The interyal of 
temperature changes was assumed a priori AX = 5°C, whe-
reas for ilmenite content it was AX2 = 10 g/dm3. 

Treating both panameters as independent yariabies of 
a function y = a 802 and denotating as X1 - temperature, as 
X2 - the ilmenite content in the suspension, they are coded 
in the foliowing manner: 

X1-5 X1-40 
xl= x2= - 

5 10 

The full factorial experiment of a type 2° bas been reali-
zed. The experiments were performed with the 802 content 
of 0.3 yol% in We gas. The rate of gas flow amounted to 50 
dm3 /h SW, We neaction mixture yolume - 0.25 dm3 and 
the frequency of stirrer reyoiutions - 1051. 

I. 20"C, 30g/dm" 

Q3 2 -25"C, 501/d 

2 - 45"C, 2ogidm 

4- 40t 50gfd" 

6 5- 40"C.4014rn" 
C 02 

I 
t - dme of reaction. 

Results atu! Discussion 
(b] 

Fig. 2. Effect of temperature and ilmenite content in the aqueous 
suspension on the degree of 802 absorption (1 sedes of the ex-
peniments) 

Two senes of the experiments were performed, the re-
sults of which are presented in Figures 2 and 3. The ex-
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Table 1. Plan aud the experimcntal results of I senes. 

Ilmenite 
Degrceof 

Inyestigated Temperaturo content in the 
absorption 

parameters suspension 

[°C] [g/dm3] a50. [%] 

Fundamental leyel 
x=0 40 40 

Rango af yaniations 5 10 

Fligher leyel 
45 50 

Lower leyel 
35 30 

Code symbols of yaniables 

Xi X2 

3695 Expeniment 1 - 1 1 

Experiment 2 -1 + 1 41.55 

Experiment 3 + 1 - I 60.25 

Experiment 4 + I + I 80,92 

Experiment 5 O O 68.60 

Assuming that the central point of a plan, determined by 
the coordinates at fundamental leyel, is placed at a distance 
from the extreme of a function y = a502, the dependence of 

y from both paraineters can be approximately described by 
the linear equation [7]: 

y = b0 ± b1x1 + b,x2 

The coefficients of this equation, calculated by the 
least-squares method after accomplishing senes 1, are as 
follows: 

b, = 54.92 b = 6.43 b2 = 6.32 

The determination coefficient (second power of the cor-
relation coefftcient) amounts to R2 = 0.93380. The signifi-
cance of the obseryed effects was determined using test 
F Fisher - Snedecor. The yalue of yariable F for the sig-
nificance leyel of = 0.05 - read oyer from the statistical 
tables - amounts Fa = 7.7086. The calculated yalue ot 
yariable Fc = 19.740. 

The aboye yalues indicate a good fitting of the equation 
with the expenimental data. The yalue of R2 indicates that 
93.8% of analyzed yariable was explained. Because 

Fc > F on the leyel of ix = 0.05, it can be concluded that 
the linear effect is highty significant. flis thesis can be 
stated with a 5% probability of error commitment. 

The yalues of the b1 and b2 coefficients are equal to the 
corresponding partial deniyatiyes of the function Y = 

They determine the direction aud magnitude of the changes 
of both parameters for the subsequent senes of expeni-
ments. 

Since both deriyatiyes haye the positiye sign (from the 
regression equation results), in order to obtain mone and 
more higher yalues of degrees of 802 absorption, it is 
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Fig. 3. Effect cl" temperaturo and ilmenite content in the aqueous 
suspension on the degree of S02 absorption (11 senes of the cx-
periments) 

necessary to increase simultaneously temperatune and ilme-
nite content in relation to the yalues on the fundamental 
leyel. According to the Box-Wilson method [7], and based 
on the calculated yalues of b1, the interyals of changes 
(incnemental of the parameter yalues) can be determined 
for the following expenimental sedes: 

AX"1= b1 AX1 = 6.43 . 5 = + 32.2°C 

= b2 AX2 = 6.32 10 = 63.2 g/dm3 

These increments were toc large; howeyer, they can be 
changed to a lesser degree, preserying the ratio between 
them: 

AX"2 
= 1.975 

lx,l 

Moderately assuming that Xi = +5°C, a yalue of 
= + 9.879 g/dm3 will be obtained. In the subsequent 

senes of the experiments the interyat of changes haye been 
taken for temperature - 5°C, whereas for ilmenite content 
- 10 g/dm3. 

The data presented in Table 2 shows that a shift towards 
the extreme (maximum) of the function y = which 
was obtained by the addition to the panameter yalues of the 

Table 2. Plan and the expenimental results of II senes. 

llmenite 
Degree of 

Inyestigated Temperature content in the 
absorption 

parameters suspension 

[°C] [g/dm3] a202 [%] 

lyestigated leyel 40 40 68.60 

Rango of yariations + 5 + 10 

Expeniment I 45 50 80.92 

Expeniment 2 50 60 93.77 

Experiment 3 55 70 97.37 

Experiment 4 60 80 99.82 

Experiment 5 65 90 97.90 
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corresponding increments. It cnn be seen that in II senes of 
the measurernents, the coordinates of the measurement 
points are placed in the steady-state area of the process 
parameters. 

Both the temperature and ilmenite content in the sus-
pension haye a significant effect on the 802 absorption 
process. InitialIy, with a simultaneous increase of both pa-
rameters, and with the preseryation of the calculated ratios 
between them, the degree of absorption increases to 
99.82%. Further increment of the yalue causes the deterio-
ration of s2 absorption, which is probably connected with 
a decrease of solubility of the gaseous reagents (particular-
ly 02) in the absorption solution at higher temperatures. 
Therefore, U can be conciuded that the process should be 
carried out at about 60°C and ilmenite content in the sus-
pension should be about 80 g/dm3. It is worth mentioning 
that practically the complete 502 absorption can be ob-
tained at the reduced yalues of the parameters in relation to 
the yalues based on the monofactorial experiments. 

Conclusions 

02 absorption in the aqueous suspension of ilnienite is 
a yery effectiye process for remoying 802 from waste gases 
generated during titaniurn wbite manufacture. An approp-
riate selection of the main process parameters (ilmenite 
content in suspension, and temperature) enables us to ob-
tam high yalues of the absorption degree, up to neanly 
100% with their moderate yalues - 80 g/dm3, 60°C. It is 

also essential that this process be based on the raw mate-
rials utilized in the Ti02 manufacture and does not lead to 
the formation of wastes difficult for disposal, which is the 
case in many processes of gas desulphurization used on 
a commercial wale. 
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