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ABSTRACT

Samples of clay containing 8.15% iron oxide and 27.49% alumina were
leached in hydrochloric acid. The effects of concentration of acid, time
and temperature on the rate of dissolution of iron contained in the clay
sample was investigated. Temperatures studied in thisinvestigation were
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in the range 40°C to 80°C, concentrations of hydrochloric acid wereinthe
range 0.2M to 2M. Thediffusion controlled reaction model i.e., t/t = 1-(2/
3)X-(1-X)?* seemed to be the most appropriate oneto fit the kinetic data of
leaching of clay in hydrochloric acid. The Arrhenius activation energy for
Hydrochloric acid leaching wasfound to be 50.82 kJ/mole.

© 2012 TradeScienceInc. - INDIA

INTRODUCTION

The presenceof impurities, particularly iron bear-
ing materids, impairsthe characteristicsof clay and &f-
fectsitsutility for various applications¥. Traditionally
ironisremoved by physical mineral processing tech-
niques’? 3. But recent studies have shown that even
traces of iron can be removed by acid washing™.

Both inorganic and organic acids have been used
for acid washing. Results of investigationson leaching
of iron oxidesin claysin oxdicacid solutionsdominate
thepublished literature. Chiaraiziaand Horrwitz stud-
ied dissolution of goethitein severd organicacidsinthe
presence of reducing agents®. Paniaset al examined
themechanismsof dissolution of iron oxidesin agueous
oxalic acid solution’®. Ambikadevi and Lalithambika

tested severa organic acidsand concluded that oxalic
acidismost efficient for the dissolution of iron oxide
from ceramicmineralg”.

Resultsof investigationson leaching of iron oxides
inclaysininorganic acidssolutions, onthe other hand,
arerather limited. Sidhu et d investigated the dissolu-
tion of iron oxidesand oxyhydroxidesin hydrochloric
and perchloric acidg®. Reportson thedetermination of
therate of reactions, rate controlling stepsand reaction
mechanismsfor theleaching of iron containing oresin
hydrochloric acids have al so been published® 19,

The progressive conversion model and the shrink-
ing core models arethe two simple model sgenerally
considered for the non-catal ytic reaction of particles
with the surrounding fluids. In the progressive conver-
sion mode reactionisassumed to occur throughout the
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particlesat different ratesat different locations, which
isunrealistic in maximum leaching reactions. Hence
shrinking coremodel ispreferred for solid spherical
particlereactionkinetics Liquid filmdiffuson controlled
process, diffusion controlled processand chemical re-
action controlled process are the three model sgener-
ally considered for the preliminary sel ection of theki-
netic modd. Inthisassumption themodel canaso be
of mixed process'. Generally a kinetic modd is
matched with the results of leaching experimentsand
datafrom the selected moddl isused to determineacti-
vation energy!*2.,

The primary aim of thisinvestigation wasto deter-
minetherateof reactionfor theremoval of iron during
leachingin hydrochloric acid from aclay samplecol-
lected from Narsingdi in Bangladesh. The mechanism
of reactionwasidentified and theactivation energy was
determined.

EXPERIMENTAL PROCEDURE

Material composition

Thesampleof day under investigationwascollected
from Narsingdi (near Dhaka). The sample, asdeter-
mined by x-ray fluorescence spectroscopy, contained
27.5% of Alumina, 59.5% of silicaand 8.15% of iron
oxide.

L eaching procedure

Leaching wascarried out in athree necked round
bottom flask fitted with areflux condenser and ame-
chanical stirrer. Theflask was placed on athermostati-
caly controlled heating mantle. Temperature of the so-
|ution was controlled to specified val uesand was con-
tinuoudy monitored by athermometer. Samplesof clay
weighing 6 gmweretaken in 400 ml of leaching solu-
tion. The optimum concentration of hydrochloricacid
was determined by leaching in 0.2M, 0.4M, 0.6M,
0.8M, 1.0M, 1.2M, 1.4M, 1.6M and 2M hydrochlo-
ric acid solutions. Theleaching was performedinthe

optimised acid concentration at temperatures of 40, 60
and 80°C and for 1, 2, 4, 5, 10, 20, 30, 45, 60, 90
minutesat each temperature. A constant stirring speed
of 800 rpmwasmaintained during al leaching experi-
ments. At the end of leaching for aspecified period of
timeat aspecified temperature 5ml of leaching solution
wastaken out of the round bottom flask by a pipette.
The collected sample of leach liquor was cool ed, fil-
tered and used for iron estimation.

Iron estimation procedure

Ironintheleach liquor wasestimated by aShimadzu
UV-vis Spectrophotometer, Tartaricacid, Thyoglycholic
acid, Nitric acid and Ammoniasol ution were used as
complexing agentg*.

Thedetailsof theprocedureisshowninFigurel.

Taking 5 ml of leach liquor in a beaker

l
Consumption of the solution (50 ml)

to 20 ml
{on a hot plate)

in Distilled water (30 ml)

Taking 1 ml solution into a 25

Cone. Nitric acid (5 ml)
Distilled water (40 ml)

ml volumetric flask(VE)
Tartaric acid (10%5); (2.5 ml)
Thyoglycholic acid(10%); (2.5 ml)
Ammonia solution (1:1); (7.5 ml)
Dustilled water: (11.5 ml)

UV absorption of the solution for
Iron determination

Figurel: Flow sheet for determination of iron.

Thechemical reactionsinvolved can bedescribed
asfollows:
2Fe* + 6H*Cl— FeCl, + 6H"
Fe* + 2HSCH,COO" + 30H — Fe (OH) (SCH,CO0),> +
2H,0

TABLE 1: Compostion of theclay.

Al203 Fe203 S02 CaO K20 MgO Na20 Ti0O2 MnO Cr203 SO3 Cl
27.49 8.14 5045 0.21 259 0.52 0.22 0.85 0.08 0.03 0.11 0.02
P205 Co203 CuO Zn0O Ga203 SO Y203  ZrO2 BaO PO Rb20  NiO

0.08 0.005 0.007  0.005 0.004 0.003 0.01 0.032 0.07 0.008 0.013 0.01
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RESULTSAND DISCUSSION

Elemental analysisof theclay

Thecomposition of theclay, asdetermined by x-ray
fluorescence spectroscopy, isshownin TABLE - 1.

Effect of Acid Concentration

Theextent of iron dissolution of iron asafunction
of concentration of HCl isshownin Figure 2.

Itisevident that therate of iron dissolutionisaf-
fected directly by the hydrogenion [H+] concentration
intheleachliquor. Thehigher the concentration of HCI,
the higher isthe extent of the dissolution of iron oxide.
Theincreaseintheextent of removal of ironisnegli-
gibleat concentrationsof HCI higher than 1.6 M.

100

total iren inthe solution %

e HIC

5 1 1.5 2 2.5
Acid conc.moal
Figure2: Effect of acid concentration on dissolution of iron.
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=

Effect of timeand temperature

Figure 3 showstheeffect of timeand temperature
ontheextent of leaching of iron oxideintheclay sample
in 1.6 M hydrochloric acid. It can be seen that during
theinitia period of leaching at al temperatures under
investigation, therate of dissolution of iron oxidewas
rather fast. However, the curves become almost flat
withinashort period (20 minto 25 min) of time, after
which theincreasein the extent of removal of ironis
negligible. It can bea so seenthat therate of leachingis
faster at higher temperatures. Thisisto be expected.

| dentification of r eaction mechanism

The particleswere assumed to be perfectly homog-
enous spherical solid phases and the shrinking core
mode was sdlected to andyzetherateof iron dissolu-
tion. Such plotsare quite extensively used inkinetic
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Figure 3 : Effect of timeand temper ature on the extent of
dissolution of iron during leaching.

0.6 A
80’c
R'=0.9214 o

0.4 4 60°C
i R®=0.9236
F

'

A a0°c

0.2 - R =0.8800

K

Time, min
Figure4: plot of 1-(1-X)¥®versustimeat varioustemper a-
turesfor Iron dissolution.

studiesd®¥. Thekinetic relationshipsare expressedin
termsof thefraction of reacted particle, X, withtime.
Three established modelsi.e. chemical reaction con-
trolled process, liquid film diffusion controlled process
and diffusion controlled processwere considered for
initial selection of thereaction mechanism. Theequa
tionsfor thesemodel sareasfollows:
1. Chemica reaction controlled process.

t/r=1- (1-X)* @
2. Liquidfilmdiffusion controlled process:
t/t=1-(1-X)?3 )

3. Diffusion controlled process:
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t/t = 1-(23)X-(1-X)?3

Where,

t =timefor complete disappearance of particles

X =fraction of reacted particles

From Figure 3 timefor different fractions of re-
acted particle of iron were calculated at 40°C, 60°C
and 80°C. Datawas then plotted according to equa-
tion LinFigure4. Correlation of coefficient values of
the plotted linesisalso shownintheFigure. It can be
seenthat thecorrelationisnot highenoughfor al tem-
peraturesto suggest that the dissol ution of iron oxidein
claysisachemica reaction controlled process.

1

3

0.8 g0°c
R* =0.8915 ;
s0°C
o 06 R®=0.9799
= 40°c
- R = 08634
‘_',..-o-"‘"'ff
L] L] T 1
15 20 5 30
Time, min

Figure5: plot of 1-(1-X)% versustimeat differ ent temper a-
turesfor iron dissolution.

Theplot of 1-(1-X)?® versustimeat different tem-
peraturesisshownin Figure5. Thisequationiscon-
sideredfor liquid film diffusion controlled process. It
can be seen that the correl ation factor islow and the
linesdo not passthrough the zero point. Therefore,
liquid film diffusion controlled process could not be
the mechanism of dissolution of ironinthe present sys-
tem.

Inorder totest the possibility of diffusion through
asolid reaction product, theright hand side of Equa-
tion 3wasplotted against timefor different tempera-
tures(Figure6). Thisplot yielded avery high correla-
tion at al temperatures under investigation. Moreover,
the plotted lines passed through the zero point. There-
fore, the datacould be correlated to adiffusion con-
trolled process.
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0.12 -
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o
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Figure6: plot of 1-(2/3)X-(1-X)?® versustime at different
temper aturesfor iron dissolution.

Evaluation of activation energy

Both the conventiond integral approach and differ-
ential approach were used to eval uate the activation
energy of theleaching reaction.

-8 y=-6.1115% + 12.738

Lnk
B
1

E = 50.82323kJ/mol

G T T 1
25 3 3.5 4

107/ TIKY)
Figure7: Arrheniustypeplot of Figure®6.

Integral approach

Intheintegra form, t/t versustime (t) wasplotted.
Thereactionrate constants, k, at varioustemperatures
for leachingin hydrochloric acid were obtained from
linearised plots(Figure 6). Therate constant wasthen
plotted against temperature according to theArrhenius
typeequationin Figure7. Theplot of InK vs. /T wasa
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graight lineand thed opeof thisstraight lineisequal to
-E/R. Theapparent value of activation energy for the
dissolution of iron in hydrochloric acid was estimated
to be50.82 kJ/mole.

Differential approach

Inthedifferential approach, thetimerequiredfor a
givenvaueof X wascdculaedfirg andthen plotsof In(t )
versustemperaturewere obtained from Figure8. Asbe-
forethedop of thiscurvesareequa to—E/Rand theacti-
vation energieswereestimated in therangeof 48.70kJ
moleto 57.94 kJmol for X vauesof 0.3t00.5.

y = 6.6885x - 17.811
E=55.608

3
h

¥y =0.8574x - 16.718
E=48.898

Int

26 K] 34 348
1000/T K
Figure8: Plotsfor calculation of apparent activation ener gy
of leachingusing differential approach.
Thustheactivation energy va ues obtained by the
two approachesarenearly identical. Thissuggeststhat
theidentification of themechanismiscorrect.

CONCLUSION

Clay samplewas|eached with Hydrochloric acid
for the observation of dissolution behavior of ironand a
suitable kinetic model wasfitted for thisand aso the
activation energy was cal culated. Thefollowing con-
clusionscan bedrawn from the study:

Increasing the acid concentration and temperature
enhancesthedissol ution of ironand for the present study
the optimum acid conc. and temperaturewere estimated
1.6M and 80°C respectively.

Thekinetic dataof iron dissolution by 1.6 M Hy-
drochloric acid fitsthe Diffusion controlled process.
tr = 1-(2/3)X-(1-X)*3

The gpparent activation energy evauated fromthe

= Pyl Paper
experimental datais50.82 kJmole.
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