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RECOVERY OF FERROUS SULFATE BEPTAHYDRATE
FROM SPENT PICKLE LIQUOR
-~ OF THE STEEL INDUSTRY

M.F. El-Sherbiny

‘Basic Engineering Sciences Dept., Faculty Engineering ,
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ABSTRACT:

Ferrous sulfate heptahydrate was crystallized from steel pickling waste liquors by
addition of 1-propanol.’ Variables ‘studied were, ferrous sulfats concentration, sulfuric
acid concentration, volumetric ratio of l-propanol to weste pickle liquor and
temperature. It is concluded that the recommended conditions for crystallization o.f
ferrous sulfate heptahydrate are, high ferrous sulfate concentration, low sulfuric acid
concentration, volumetric ratio of 1-propanol to waste pickle liquor of 2:1 end

temperature of 20°C.
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INTRODUCTION:

Steel pickling waste liquors are one of the main environmental problems of
steelmaking industry. As a result, spent pickle liquor is considered a water 'pollu,ta.nt,
and a great efforts have been expended to control the waste stream from pickling

processes.

Pickling of steel “'? is a chemical process carried out to remove iron oxides from
stee]l surface. Sulfuric acid has traditicnally been the pickling medium for descaling
steel. Acid pickling is considered a preliminary process carried out for most steel
products prior to coating processes such as electroplating, phosphating, -painting,
enameling etc. Acid pickling consists in treatiné the steel .work-piece with a dilute
sulfuric acid for a few minutes sufficient to dissolve the surface oxides. The ferrous
sulfate formed by the pickling action builds uﬁ continuously in the pickle liquor.as fresh
acid additions are made to the pickle tank. The pickling action is eventually stifled by
the inhibiting action of the ferrous sulfate. At - this point the spent acid bath must be
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replaced. The recovery of steel pickling liquor is one of the main environmental aspects

that the steejmaking industry must resolve.

Although much work has been done on the treatment of steel pickling waste
liquors, lile has been dome on the recovery of ferrous suifate heptahydrate®”
Treatment of waste pickle quuc;rs with acetone!'?®, ethyl alcohol!'”, and iso-propyl
alcohol''® were studied to crystallize ferrous sulfate heptahydrate. The object of the
present work is to crystallize ferrous sulfate heptahydrate by addition of 1-propanol.

EXPERIMENTAL:

The liquors were prepared by dissolving the required amounts of sulfuric acid and
ferrous sulfate hepatahydrate in distilled water. Concentrations studied wefe 27, 54, 81,
108, 135 and 162g/] ferrous sulfate in presence of 10, 20, 40, 60 and 80 g/1 of sulfuric
acid. To a certain volume of the liguor, 1-propanol was added slowly with stirring
during addition. The time of addition was about two minutes, the crystallized ferrous
sulfate heptahydrate crystals were then filtered. The factors studied which may affect
the yield of crystallized ferrous sulfate heptahydrate during crystallization were the
concentration of the liquors, 1-propancl to liquor volumetric ratio and temperature. The
variations in the volumetric ratio of 1-propanocl to liquor affect the yield of crystallized
product ferrous sulfate. The volumetric ratios studied were 1:1, 2:1 and 3:1.
Crystallizatio.n was carried out at 20 and 30 °C at different concentrations and different

volumetric ratios.

After filtration, ferrous sulfate was snalyzed to determine its yield and to
determine the water content of the crystals, Ferrous and sulfate jons were determined
according to standard methods"” It was found that water content is seven moles of
H;O per mole of FeSQO, and thus the ferrons sulfate produced was heptahydrate in all

experiments. The results of the experiments are shown in figures (1-14).

RESULTS AND DISCUSSION:

Effect of sulfuric acid concentration:-

The results shown in figures (1-14) indicate that increasing the acid concentration
decreases the yield of crystallized ferrous sulfate heptahydrate. It can be concluded that
to obtain maximum recovery of ferrous sulfate heptahydrate, liquors of minimum

acid concentration must be used. It is known that waste pickle liquor is discarded at
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about- 40 g/l HyS0,, so it is practically to crystallize ferrous sulfate at this acid
concentration. The decrease of recovery with increasing acid concentration may be
anributed to the increase of solubility of ferrous sulfate heptahydrate in the system
C3H;0H-H>O0-FeS04-HaS0..

Effect of ferrous sulfate concentration:-

Throughout a set of experiments, it is clear that the concentration of ferrous
sulfate of the liquor has a moderate effect on the crystallization of ferrous sulfate
heptahydrate. The results shown in figures (1-14) indicate that liguors with low ferrous
sulfate concentrations give low yields of crystallized FeS0,.7H20. The yield increases

sharply, then slightly with the increase of concentration.

Effect of 1-propanol to liguor volumetric ratio:-

From the data presented in figures (1-14), it is shown that, increasing the
volumetric ratio increases the recovery of FeS04.7H;0. It is clear that, increasing
voiumctﬁc ratio from 1:1 to 2:1 increases the recovery largely, but froﬁ 2:1to 3:1 the
recovery increases slightly. The increase of recovery with the increese of volumetric
ratio may be attributed 1o the decrease of solubility of ferrous sulfats heptahydrate with
the increase of the amount of 1-propanol in the system C3H;OH- H20-FeS04-Hi SO,

From all these results, it is economically to use the 2:1 vojumetric ratio,

Effect of temperature:-

The effect of temperature was studied at 20 and 30 °C. The results indicate that
the increase of the temp-eraturc of the crys;allization decreases the yield of crystallized
ferrous sulfate heptah ydi-ate. The decrease at low ferrous sulfate concentration is greater
than that at high concentration. Becausé of the waste pickle liquor is discarded at about
140 g/l ferrous sulfate, temperature of 20°C is suitable -for crystallization of fertous

suifate heptahydrate.

CONCLUSION:

From the previous discussion of results, the recommended conditions for
crystallization of ferrous sulfate heptahydrate are, high ferrous sulfate concentration,
low sulfuric acid concentration, 1-propanol to liquor volumetric ratio of 2:1 and

temperature of 20 °C.

—

“TESCE, Vol. 26, No. 2 -82- July 2000



REFERENCES:

1- Othmer, K. "Encyclopedia of Chemicai Technology” 2™ Edition, Interscience
Publish&, N.Y. (1971).

2- Spanitz, JR. and King, W, Iron & Steel Engineer 74, 9 (1997).

3- Doernemann, Annika, G., Iron_& Steel Engineer 74, 1 (1997)

4- McMapus and George, J., Iron & Steel En_ginc& 73, 6 (1996)

5- Kamer, W, and Hofkirchner, W., Metallurgical Plant & Technology International
19, 2 (1996)

6- Pielsticker, K., Metallurgical Plant & Technology International 18, 1 (1995). |
7- Kani, Y., Nakamura, T. and Ito. M. Hitachi Review 42, 4 (1993).

8- Nakamura, T., Tanaka, T., Matsumoto, Y., Nakane, Y. and Tani, K., Kobelco
Technology Review, N 16 (1993).

9. Nesterenko, SA., Nazarenko, YV., Shevchenko, LA., Shevchuk, LN, and Zorina,
NE. Protection of Metals 25, 6 (1990).

10- Jimba, T., Iwadoh, S. and Izushi, T., Ircn & Stee] Engineer 67, 3 (1990).

11-Niecko, J. Conservaticn & Recycling 10, 4 (1987).

12- Watanabe, A. and Kawakami. T., Chem. Abs. Vol.55, 1975f (1961)

13- Watanabe, A., Kawakami, T and Moroto, S., Chem. Al;s Vol. 59, 8-384f (1963).

14-Tbid. , chem Abs. Vol. 68, 117035k (1968)

15- Willmitzer, H., Austrian Pat. 363, 297 (1981)

16- Hussien, M., Zatout, A.A., and Fathy, M., Afinidad 39, 35 (1982)

1'7;-Hussicn, M. and Zatout, A.A., Chem. Petrochem. J. 11, 13 (1980)

18- El-Sherﬁiny. M.F., Zatout, A.A. and Hussien M., The Egyptian Society of
Chgmigal Engineers 24, 2 (1998)

19-Vogel, I "A Text Book of Quentitative Inorganic Analysis” 3™ Edition, Longmans

(1962).

TESCE, Vol. 26, No. 2 -83- July 2000



Recovery %

sans L:i{l~prepanel s liquer ralie)

H

adads 21

22509 il
-]

;l;i;lm—]|!!=|l|
6 A0 20 30 40 30 60 M I

Sulfuric acid concentration (g/1)

Fip.(1): Effect of concentration of sulfuric acid
and 1-propanol to liquor volumetric ratio on
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Fig.(3): Effect of concentration of sulfuric acid
and !-propanol to liquor volumetric ratio on
recovery of ferrous sulfate heptahydrare.
Conditicons: .

Ferrous sulfate conc. : 81 g/l

Temperature :20°C
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Fig.(2): Effect of concentration of sulfuric acid
and l-propanol to liquor volumetric ratio on
recovery of ferrous sulfate heptahydrate
Conditions:

Ferrous sulfate cone. : 54 g/l

Temperature :20°C
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Fig.(4): Effect of concentration of sulfuric acid
and 1-propanol to liquor valumetric ratic on
recovery of ferrous sulfate heptahyvdrate
Conditions:

Ferrous sulfate conc.: 108 g/l

Temperature :20°C
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¥lig.(5): Effact of concentration of sulfuric acid
and 1-propanol to liquor volumetric ratio on
recovery of ferrous sulfate heptahydrate.
Conditions:

Ferrous sulfate conc. : 135 g/

Temperature 120°C
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Fig.(7): Effect of concentration of surlfuric acid
and |-propancl to liquor volumetric ratio on
recovery of fecrous sulfate heptahydrate.
Conditions:

Ferrous sulfate cone. : 27 g/

Temperature :30°C
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Fig.(6): Effect of concentration of sulfuric acid
and 1-propanol to liquor volumetric ratio on
recovery of ferrous sulfate neptahydrate
Conditons:

Ferrous sulfate conc. : 162 g/l

Temperaturs :20°C
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recovery of ferrous sulfate heptahydrate
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Ferrous sulfare conc. : 54 g/l
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Fig.(9): Effect of concentration of sulfuric acid
and ]-propanol to liquor volumetric ratic on
recovery of ferrous sulfate heptahydrate.
Conditions:

Ferrous sulfate conc. : 81 g/l

Temperature :30°C
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Fig(11): Effect of concentration of sulfuric acid
and 1-propanol to liquor volumetric ratio on
recovery of ferrous sulfate heptahydrate.
Conditions:

Ferrous sulfate conc. : 135 g/l

Temperature :30°C
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Fig.(10): Effect of concentration of sulfuric acid
and l-propanol to liquor volumetric ratic on
rzcovery of ferrous sulfate hepirhydrate
Conditions:

Ferrous sulfate conc. : 108 g/l

Temperature :30°C
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Fig.(12): Effect of concentration of sulfuric acid
and 1-propanol to liquor volumetric ratio on
recovery of ferrous sulfate heptahydrate
Ceonditions:

Ferrous sulfate conc. : 162 g/t

Temperature :30°C
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Kineticrof formation of sodium chromate from El-Barcmiya chromite ore concentrate with soda ush
pellets.

M.E.H.Shalabi & N.A.El-Hussiny
Central Metallurgical Research and Development Institute , (CMRDI).

S.Y.El-Afifi , N.N.Ei-Ebiary& F.M.S.Zaher
National Research Center (N.R.C)

ABSTRACT:In Egypt, about seventeen occurrences of chromite ore are located among El-Baramiya region in
Eastern desert. El-Baramiya ore shows that dressing is required to obtain concentrate with high chromium
conient. Egypt imports sodium chromate for local industries from abroad and this is at the expense of our
foreign currency. Thus the coaverts of El-Baramiya concentrate to produce sodivm chromate is very essential
to the local industries. This work is concernied with the factors affecting on the palletization of El-Baramiya
chromite ore concentrate with soda ash and the kinetics of roasting pracess for the producnon of sodium
chromate from pellets.

The results pbtained can be summarized in the following spets:-

1-The optimum factors affecting on formation of green pellets are residence time which was found to be (5
min. and 22% water addition. .

2-The maximum amount of chromic oxide recovery was obtained at the optimum condition of pelletization,
3-The percentage -of chromic oxide recovery was found to depend on the size of the roasted pellets and
reached to maximum value for pellet size =14+11.2mm.

4-The recovery of chromic oxide from roasted pellets was found ta depend on the lemperature and time of
roasting.

5-The reaction kinetics of scdium chromate formation was controlled by solid state diffusion.

I-INTRODUCTION

In Egypt, sufficient reserves of chromite ores are present mainly at Ei- Baramia region in the Eastern desert,
Chemical analysis of El- Baramia ore shows that dressing is required to obtain concentrates with high
chromium content, Converts of this concentrate 1o high and low carbon ferro-chrome and/or to produce
chrome chemicals such as sodium chromate and chromium metal are very essential to local industries.

Dichromate and chromic acid are used for the production of some chemical compounds, such as the formation
of ketosteroid and other pharmaceutical products; the oxidation of acenaphathene to naphathelic acid; the
conversion of o-tojuennesulfonamide to <

"o-sulfonamidobenzoic aClA IR Saccharin manufacture, benzoic acid from tdluene, and quinone from
aniline(Kirk 1964).

A ‘small amount of dichromate is employed as oxidant in the bleaching of fats, oils, and waxes. The largest
consumption in this application is in bleaching of the montan wax derived fom lignite (Marsel. 1956).
Dichromate oxidant mixtures also find limited uses in the purification of crude carbon dioxide, acetic acid
from wood distillation, acetylene, and phosphorus, in the cleaning of the glassware,

Sodium chromate and dichromate are manufactured by roasting chrome ore with soda ash (Kirk 1954) as
follows:- The chrome ore is crushed, dried and ground in ball mill to a fineness of 90-98 % less than 200
mesh. The pulverized ore is mixed with soda ash and with a diluent. The proportion of soda ash is such as to
obtain the oplimum economy in recovery of chromium viiugs from the ore. The chemical reaction of sodium
chromate production is as follows:

2Cr;03 + 4 Nn:C0; + 30, R N (rOy + 4O,
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The production of sodium dichromate is produced from sodium chromate solution with sulphuric acid at pH
=3,

Some investigators (Vilnyansku et al 1947, Farbenind 1926, Ei-Tawil et ai 1991), indicated that the higher
chromate recoveries were achieved at temperature ranging from 850-1200 °C. Some other authors (Tripathy et
al 1994,Gorochova et al {973), illustrated that oxygen is included as areactantand the rate of reaction is
propertional to the oxygen partial pressure.

p

It was found that the reaction between Na;CO5 and CryOs is not 2 solid reaction ==

“Tripathy et al 1994).But (Slan et al 1992), suggested that the production of Cr (VI)oxide from domestic
chromite concentrates by alkali fusion is limited by the product layer mass transfer control.

The present work was undertaken to investigate the basic factors influencing the pelletization process, the
roasting process of chremium concentrate with soda ash in alr or oxygen to produce sodium chromate, and
also the kinetics of roasting processes for the production of sodium chromate from pellets in a fixed bed
reactor.

It iz hoped that the results of this work may contribute to tne iong line of efforts expended to choose an
adequate local process for the roasting of local chromite ore concentrate to recover chromium as sodium
chromate on an industrial scale.

2-Materials and Experiments
2.1 Muaterials

A representative sample of chromite concentrate from El-Baramiya region was used in this investigation.The
chemical analysis of the chromile ore concentrate was Cr;Os; = 44.28%, Al;05 = 16.9% MgO=18%, FeO
=11.73%, and Si02 = 6.9% and L.O.[. = 0.79%. Soda ash was delivered from Masr Chemical Co. (Alexandria)
containing 90% NapCO;.

2.2 Method of pelletization

The chromite ore concentrale sample with soda ash (having size ~0.074mm) was fed to the laboratory disc
pelletizer 40 cm diameter and 10 cin depth. The predetermined amount of added water was then sprayed onto
the roiling bed of the material in the pelletizer. At the end of the test, the sample was collected and screened to
collect the —16+8mm pellets. Then the pellets (-16+8 mm diameter} were roasted in the thermal balance
furnace in gas atmosphere (air or oxygen) at constant temperature for certain time. The roasted material was
ground and dissoived in hot water and then chromic oxide was determined.

The chromic oxide recovery was determined as follows:

Chromic oxide recovery = (chromic oxide in sodium chromate/ Chromic oxide in the feed).

3-RESULTS AND DISCUSSION

There are many factors affecting the green pellets formation sucu as:- .

1- The amount of water added to the charge. 2- The residence time of the charge material in the
disc pelletizer. 3- The disc inclination angle.
4- The disc rotating speed. 5- Particle size of the charge.

[n this work the disc inclination angle, disc rotating speed, particle size of the charge and the feed charge
weight were kept constant at the following values 60°,17 pm ,0.074 mm and 300 grams respectively. The
amount of water added to the charge and the residence time of the charge material in the disc pelletizer were
studied.
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From the previous work (Shalabi et al 1999), it was found that the optimum chromic oxide recovery for a
mixture of soda ash and chromite ore concentrate from the same ore was raached at the ratio (Na,C043:Cr, 05 =
2.:-); Thus the pelletization process was carried out for these mixtures at the above-mentioned ratio.

sy P -

3.1 Effect of residence time of the charge on the productivity and quality of the produced pellets.

Sastry et al 1973 reportad that the residence time varies linearly with pellets diameter. Thus, seriesof
experiments were carried out to determine the optimum residence time of the churge mixture while the amount
of water added was kept constant at 22%.

Table | shows the effect of residence time of raw materials in disc pelletizer on the productivity of green
pellets and their strength. It is noticed that the productivity of pellets(+8-18mm) diameter, average
compressive strength and average drop number are incrzased as the residence time of the material in the disc
pelletizer increased till it reached 15 min. and approached 66.5, 3752 gm/pellets and 37.5 drop number
respectively. This may be due to the growth in the formed nuclei of pellets. On the other hand, the decrease in
the productivity of pellets, average drop number and average compressive strength for more than 15 min.
residence time, may be due to the flushing of some moisture content during their growth (Naque, et al 1993,
Ahmed 1993).

.-Tablel Effect 6f residence time of raw materials in disc pelletizer on the productivity of green peliets and

their strength.
Parameters Residence time, min.

10 15 20

Productivity of pellats 34 56.5 43
(-16+8 mm),%
Average drop number 40 73.5 50
Average crushing strength, 3100 5752 5100
gm/pellet

3.2 Effect of amount of waler added on the productivity and the quality of the produced pellets,

The amount of water added for the production of suitable pellets is quite critical and the best way to determine
the optimum amount of water for any given material can be achieved by practical experiments (Ball, et al
1973). Series of experiments were carried out for determining the suitable amount of water for pelletization.
The pelleizaticn processes were done at residence time of material in disc pelletizer equal to 15 min., while the
amount of water added was changed.

Table 2 illustrates the relationship between productivity of pellets (-16+8 mm) diameter , average crushing
strength , drop number and the amount of water added 1o the charge,
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Table 2 The relationship between productivity of pellets,(P) {(-16+8 mm) diameter
and strength(S) gm/pellets and drop number(l}) and the amount of water added to

the charge.
amount of water, % P,% S D
18 355 4806 60.4
22 67 5750 73.7
26 46 5625 §7.9
28 33.5 4307 30.1

From Table 2, it is evident that the increase of water content from 18% to 22% increases the productivity of
pellets of (-16+8 mm) diameter from 35.5% to 67%. Meanwhile, the average compressive strength and
average drop number were increased from 4806 gm/pellet to 5750 gm/pellet and from 60.4 drop number to
73.5 drop number respectively. This is due to the increase of the amount of water to 22% which leads to an
increase in the coalescence mechanism between the different c~r. ‘ituents of the charge (Seddik, et al 1978)
and an increase in the number of liquid bridges between the charge pai.icles (Betal 1961, Rumph 1977).

Any excess of water content more than 22% leads to an increase in the capillary diameter and this leads to a
decrease in the capillary force (Seddik,et al 1978) subsequently the productivity and strength decrease. This
may be also due to the fact that the excess water coats the pellets forming coherent film of water and
neutralize the capillary effect (Ball, et al 1973).

From the above results it was found that the optimum residence time of the mixture in the disc pelietizer was
15 min. and the optimum amount of water added to the mixture was 22%.

3.3. Effect of Pellet Size on Chromic Oxide Recovery after Pellet Roasting,

The produced pellets (-16 +8 mm diameter) by optimum pelletization conditions were classified into three
categories (-11.2 +8, -14 +11.2 and =16 +14 mum).Each was roasted in atmosphere of 1 I/min flow rate for 60
min at temperature 1100 °C.

Table 3 shows that the relation between pellet size and chromic oxide recovery, from which it {s clear that the
pellet size of (-14 +11.2 mm} diameter gives highest chromic oxide recovery. While the average sizes (-16 +8
mm) gave chromic oxide recovery near to that of the pellet size (-11.2 + § mm) with deviation ~ 1.3%.

The decrease of chromic oxide recovery with the increase of particle size more than (-14 +11.2) is mainly
attributed to the smaller surface area available for the reaction, and is also attributed to the fact that the
diffusion path is longer for such peliets (Rumph 1977). While the decrease of chromic oxide recovery for
pellet size smaller than (<14 +11.2 mm} is mainly attributed to the increase of the surface energy which leads
to the sictering of particles and decreased the sucface area (Sayed 1981).

Table 3 The relationship between the pellet size and chromic oxide recovery.

Pellet size, mm . chromic oxide ,%
-11.2+8 77.7

-ld +11.2 79

-16 +14 76.5
Average size (-16 +8) 717

Thus the pellet size {-14 +11.2 mm) was chosea for the kinetic study of Na,CrQ,4 formation .
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3.4 The optimuin residence time wihich gives the maximun chromic oxide ratio after roasting.

In these experiments, pellets of (-14+11.2 mm diameter) were roasted at 1100°C in air

of flow rate 1 L/min for a period of 60 min. Table 4 shows the relationship between the residence time and the
chromic oxide recovery. Itis clear that the optimum chromic oxide recovery is at 15min. residence time. The
low value of chromic oxide recovery at 10min. residence time may be due to the high porosity of peilets. The
recovery of chromic oxide is 66% at 20 min residence time which may be due 1o flushing of moisture content
of pellets which in tumn increases the porosity of the pellets, This makes the gas flow inside the pellets faster,
thus the reaction decreased.

Table 4 The relationship between the residence time and chromic oxide recovery.

residence time, min. chromic oxide ,%
10 58

15 79

20 66

3.5The optimum moisture added to the raw materials wihich give the meximum cliromic oxide recovery,

Table 5 shows the relationship between the chromic oxide recovery and the amount of water added to the raw mix. The pellets off-
14+11.2mm) diameter produced in disc pelletizer were roasted at 1100°C for 60 min in air Now rate (1 L/min}. It is clear that the
maximum chromic oxide recovery was achieved when 22% waler was added to the mixture of raw material to produce the green
pellets. The maximum recovery of chromic oxide at 22% water may be due to the fact that the porosity of such produced pellets is
the most suitable for the reaction.

Table 5 The relationship between the chromic oxide recovery and amount of
water added to the raw mix.

Water added,%. chromic oxide ,%
18 65
22 79
26 70
28 60

3.6.The relationship between pellets weight/gas ratio and the chromic oxide recovery.

Figure 1 shows the relationship benveen the chromic oxide recovery and the solid/gas ratio, for the roasted pellets at
1100 °C for 60 min in | Limin air flow rate. Itis clear that the recovery of chromic oxide increases markedly with
decreasing
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the solid/zas ratio. This may be due ro the fact that the increzse of sample weight means increasing chromite
ore concenwrate and soda ash, thus s sample needs more oxygen to complete the reaction (Shalabi 1973).
Within the experimental range of soiid / gas ratio («.5- 18.4 gm/L), the highest value of chromic oxide was
obtained at 4.6 gm /L.

3.7. Kinetic of sodium chromate formation using peliets roasted in air and cxygen atmospheres.

The effect of roasting temperaturz on the kinetic reaction of chromic oxide recovery for pellet was studied
where the other parameters (peliet weight 4.6 gm and pellet size (-14 +11.2 mm)) were kept constan:.

3.7.1. Reaction kinelic of sedinm cliromute using pellets in air atmosphere.

The roasting is carried out in an air flow rate of 1 L/min. The re=nit, of these experiments are represented
graphically in (Figure 2) which shows the relationship between chromic v.cide recovery and time of roasting at
different temperatures. From (Figure 2) it is clear that the increase of roasting temperature at any constant
roasting time increases the chromic oxide recovery. Also (Figure 2) can bz divided into three slopes the first
slope is the highest one, the second is somewhat lower and the third is the slowest.

From the previous results (Shalabi et al 1999) found that the controlling mechanism of sodium chromate
formation by the briquelting is controlied by solid state diffusicn mechanism. Thus the mode! of solid
diffusion mechanism (K Int = [{1 - (1-R)'?]) (Kroger et al 1954) was applied. Figure 3 confirmed that the
reaction up to 60% is controlled by solid state diffusion mechanism.

3.7.2. Sodiwm chromate kinetic formation using pellels in oxygen atmosphere.

Kinetic formation of chromic oxide recovery in oxygen atmosphere of flow rate 0.21 L/min from pellets was
also studied while the other parameters (pellet weight 4.6 gm and pellet size (~14 +11.2 mm)) were kept
constant,

Figure 4 shows the isotherm curve of chromic oxide recovery in oxygen atmosphere. The same trend of the
effect of temperature was obtained (i.e. the increases of temperature increases the chromic oxide recovery at
constant time)., Also it is clear that the final stage of roasting is the slowest one.

The mechanism of solid diffusion was applied (K int=[{} ~(1 - R)m]z) and iliustrated in{ Figure 3).

Figure 5 confirmed that the mechanism of formation of sodium chromate is solid diffusion at the final zone of
reaction,

4-CONCLUSIONS

{-The percentage of chromic oxide recovery depends on the size of the roasted pelleis, where the maximum
chromic oxide recovery percentage is obtained ut pellet size (-14 +11.2 mm) diameter.

2-The recovery of chromic oxide from pellets depends on the temperature of roasting, time of roasting and the
amount of oxyvgen in gas flow rate.

3-The maximum recovery of chremic oxide is achieved by using pure oxygen at roasting temperature 1100 °C
for 60 min roasting time.

4-The sample weight/gas ratio {gm/liter) has 2 pronounced influence on the chemical reaction.

5-The reaction kinetics of sodium cluamate formation using peliet composed of a mixture of chromite ore
concentrate and sode ash is controlled by solid state diffusion
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