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ABSTRACT

In this studv. alunitec ore was activated mechanically in an attritor for 15 mun and then thermal analvsis was carried out on
both non-activated and activated alunite in different heating rates. Using of thermogravimetry data, the dehvdration kinetics
of alunite was studving with KAS (Kissenger-Akahira-Sunose) equation. The eftect of mechanical activation on the
dehvdration kinetics ot alunite and its thermal behaviour were investigated.
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MEKANIK AKTIVE EDILMIS ALUNITIN DEHIDRATASYONU UZERINE
IZOTERMAL OLMAYAN KINETIK CALISMASI

OZLET

Bu ¢ahsmada, alunit cevheri bir atritorde 15 dakika siirevle aktive edilnmis, daha sonra farkl 1sitma hizlannda hem aktive
cdilmemis hem de aktive edilmis alunitin termal analizlert almnistur. Termogravimetrik data Kullanilarak. alunitn
dehidratasyon Kinctigt KAS (Kissenger-Akahira-Sunose) denklemivlie incelennustir. Alunitin dehidratasvon kmetigr ve
termal davranist iizerine mekanik aktivasyonun etkist arastirilnustir.

Anahtar Kelimeler — Alunit, dehidratasyon, mekanik aktivasyon, izotermal olmayan kinetik

1. INTRODUCTION

Alunite 1s one of the minerals of the jarosite group. It 1s a
potasstium-alum occuring generally i rhombohedral and
iexagonal  crystals. lts  chemical formula 1s
AL(SO,)-(OH),. and as a source of alum, potassium and
alummum, it is a commercial raw material for the chemical
industry.  In Turkey. alunite reserves are located n
Sebinkarahisar-Giresun  (15-20 million tons), Saphane-
Kiitahva (7 million tons) and Foca-lzmir (5 million tons)

regions | 1-3].

The structure of alunite contains alumintum sulphate and
potassium sulphate, both of them dissolve in water.

However, alunite does not dissolve in water, acids and
bases unless calcined. Alunite calcined at temperatures over
500°C dissolves due to the decomposition of the structure.
It 1s widely used in the manufacturing of aluminium
sulphate, potassium alum, alumina and potassium sulphate.
The ore calcied at 600-650°C 1s converted to the above
mentioned products bv acidic and basic extractions. At one
of the production method of alumina from alunite, the ore is
calcined at 600-650°C and extracted with sulphuric acid.
After leaching the solid part is calcined. This calcine is
cxtracted with hot water to remove the soluble potassium
sulphate. The remaming solid is obtained as alumina [4.5].
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The mechanical activation of minerals makes 1t possible to
reduce their decomposition temperature or causes such a
degree of disordering. The mincral activation leads 1o a
positive influence on the teaching reaction Kinetics and to
Nfechanical
non-

an increase i the measured surface arca [6].
activation ot minerals by intensive grinding s a
traditional way of influencing the processes inextractive

metallurey. Creation of fine particles. increase in specific

surface arca and formation of defective structures are
among  the main factors which accelerate  Ieaching

hydrometallurgy. Some special regimes of arinding causce
not only the physico-chemical transtormations but also the
changces 1n the chemical compositions of the activated
minerals | 7].

In  this  studv. non-isothermal  Kincuie  study - on the
dehydration of both non-acuvated and activated alunite was

Investieated.

2. MATERIAL AND METHOD

2.1 Materal

Alunite ore used mm the study was provided from Dostel
\lummum Sulphate Ltd. in Saphance-Kiitahva. Turkey. It
was crushed and ground and sieved to -100 um size. The
chemicals used 1 the extraction study and i the analvsis

were obtamed trom Nerch Chemiacal Co. The chemacal
analvsis of alunite ore s 22.98% ALQOs. 4.66% K-0).
43.56%  S10.. 18.03%:  SO;. 0.61%  Fe-Own 0.16%

CaO+ NfaeO) and §.00% 1{-O) | 8].

2.2 Expermimental Procedure

\Mechanical activaton of alunite ore was performed i an

attritor  (surring - ball mill) under tollowing  conditions:
welght of the sample: 10 g, werght ot balls: 200 ¢ of

stamless steel balls with 3.3 mm i diameter. erinding time:

IS mun. stirrmg rate: 830 rpm,

() anc

N-ray ditfraction analvsis were performed using a Rigahu
Ultima N-rav dittractometer and Cu Ka radiation was used
O KN 30 maN). Thermal analyvsis studies (TG and DTA)
pertormed Netzsch RT-15000C TGA/DTA
apparatus at different (370 10°0 157 and 20 “C/min) heating
rates,

WS using

2.3. Kimnetic Study by Thermogravimetry

Dehydration of solids is the subject of manvy Kinetice studies.

[t helps o understand  the  tollowing  decomposition
mechanism: A(s)—B(s)- Cra).

Non- Isothermal Kinetie Study On The Dehvdrat
Mechanically Activated Alunite. I Ku |

|
|

|

This 1s a model-tree method. which involves measurine |
temperatures corresponding o fixed
cxperiments at ditterent heating

\-

values of g frﬁ
rates ([3). The activarl

cnergies  (12)  can be  calculated according  to l
Isoconvertional methods  of KAS (l\nscnucr Akahil

Sunose), Friedman and Ozawa [9]. In Kinetic study of bi
non-activated and activated alunite, K AS equation was u.

o determine the activation energy of the dehvdrat
reactions.
The Kinetuic model of dchvdration that occurs in n

Isothermal conditions 1s described by KAS eq. (1).

(1)

where « 1s the deeree of conversion, 3 is the heating rag
I.min \ s the pre-exponential factor in min', 1
temperature 1in K, R cas constant, E 1s activa
cnerey m Klomol  and g(a) 1s the integral form of the |
which 1s the reaction model.

is the

According to the above mentioned equation. the plo
In(p/1) 100071 o diffe
comversions o« cian be obtained by a linear regress of |
| he activation encerey (E) can be calcul
correla

VErsUS correspoding
square method.
trom the slope of every line with better hinear
coetticient (r) |9.10].

This method s used o calculate the activation energy of
process without its Kinetic mechanism.

3. RESULTS AND DISCUSSION

3.1. N-Rav Diffraction \nalysis
non-activated
Considering

Cdl

The X-rav  ditlractuon  analvsis ot
activated alunite ore s given in Figure 1.
peaks of non-activated and acuvated alunite. it
clearly scen that all diftraction peaks of alunite get sh
This 1s due to the startin
amorphisation in alunite structure. In literature|6.7. 11
was reported that the mechanical ;lcm'ulion resulted r
amorphisation of minceral particles. The peaks ot Sif

activation because ©

aiter mechanical acuvation.

not aftected with mechaniceal

SII’OI]‘:‘, structure.
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Ficure 1. N-ran ditiraction parterns of ta) non-actnated alunie and (b)
activated alumte

3.2, Thermal Decomposition of Non-activated and

Activated Alunmite

The thermal analvsis (TG and DTA) of non-activated and
mechantcalty activated alunite ore 1s given tn Figure 2. The
)I'A curves for both alunite ores show two endothermic
wak and one small exothermic peak. The tirst endothermic
withs at about 360°C for non-activated and 543°C for
activated alunite ores are strong and sharp. This is due to
the  dehvdration  of  the structural water and the
tansformation of alunite into KAI(SO,)- and amorphous
ALOG as eiven i Eq. (2).

KAL (SO ) (OH) > KANSO, ), +Al,03 +3H,0

1

i)

| he exothermic peaks at about 787°C for both alunite ore
appear immediately before the second endothermic peak at
about 820°C tor non-activated alunite ore and 810°C for
activated alunite ore.

39
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Figure 2. Thermal analyvsis (TG and DTA) of non-acuvated (NA-alunite)
and activated alunite (MA-Aluntte)

It was stated [4] that this small exothermic peak at about
787°C was probably caused by the recrystallization of
NAISO,), into KAISO,): and AlL(SO,)s. as given in Eq.
(&)

: . o) : . : 5
2KAISO, ), - /31\3..-\1(50 s Jr-%m:(so4 . @

The second endothermic peak at 820°C tor non-activated
alunite ore 1s due to the desulphation by which K;AK(SO,).
and Al-(SO;); decompose into K>SO, and Al-O;, as given
i Lq. (4) and Eq. (3).

% K ;/\1(804 )3 =D Kp_SO4 + % /\12(804 )3 (4)
2, A1y (S04 ); —>%/\|303 4 2S00 g (5)

The TG curve for non-activated alunite ore shows two steps
of weight losses corresponding to the two endothermic
peaks. The weight losses are about 8% for the first
cndotherm (dchydration) and about 22% as the total weight
loss after the second endotherm (desulphation). On the
contrary. the dehydration of mechanically activated alunite
ore 1s started from 100°C. This 1s result of amorphisation
and structural disordering, providing with mechanical
activation. The weight loss up to 650°C 1s about 8% for
activated alunite ore. The mechanical activation aftected
importantly on dehvdration behaviour of alunite ore.

The dehydration temperature decreases about 15°C 1n
mechanically activated alunite ore. The most mportant
point about the dehydration of mechanically activated

alunite is 1ts starting from 100°C, due to amorphisation and

structural disordering in alunite. In a previous study[l 1] 1t

was investigated the effect of time of mechanical activation

on the thermal decomposition of alunite ore and it was_
observed that |5 min of mechanical activation is enough to

active the alunite ore.

o &

¥ ¥



SAU Fen Bilimlert Enstitiisa Dergrst 10.CHHC T.Save 20006

3.3. Non-1sothermal Kinetic Study

[For the dchvdration Kinetic study of non-activated and
activated alunite, their TG datas were used 1 non-
isothermal  conditions.  The dehvdration part of non-
activated alunite 1s given i Firgure 5 and that of activated
alunite in Frgure 4.
conversion or rattio ol dehvdration) and related temperature
values (K) were listed i Table 1.
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Ficure 3. TG eurve of non-activated alumte

02 5
.-"’= -..._-\
KN
z 9§
-
=l Dt
<
-
-
= 94 - -
5 Clrnun k;,
Yot
1,".1 [ M R s e 16 'v’”’l"l
3 e S e 20 C o
I T T T T T
0 100 RALY) RIAL 400 SQU 600

Temperature ("C)

Figure 4. TG eurve of activated alunste

According to the equation(1), the plots of In(B/T:) versus
10001 correspoding to ditterent conversions a are given 1n
Fieure 3 for non-activated alunite and in Figure 6 flor
activated alunite.  The activation energies (E) were
calculated from the slope of every line and regression
coetticients were listed in Table 2.

Accordimg to TG data. « (degree of

Non- Isothermal Kinetic Study On The Dehydration
Mechamically Activated Alunite. . K,

As seen from Table 2.

the activation energyv values

devdration reaction of non-activated alunite are van
between 173.5 and 303.9 kJ/mol, corresponding to différ:,
conversions. These values for activated alunite are vary
between 41.16 and 278.29 KkJ/mol. In literature. such
relationship  between activation energy and degree

conversion was stated |12.15]. It can be said that

activation energyv of dehvdration reaction of non-activa

alunite 1s about 280-300 kJ/mol.

On the contrary, the activation energy values are varying
wide ranges. The comparison of the activation ener
values for non-activated and activated alunite 1s given

FL@iie /.

Table 1.« and T(K) values for different heaung rates

Temperature (K)
3 Non-activated abunne Activated alumte
Heating rate(f. Kinm) Heating rate(fi. K nun)

( 5 10 I3 20) 5 10) |5 20)
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Figure S, The plots of In(B/T7) versus 1000/T correspoding to ditt

conversions « for non-activated alunite
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Ficure 6. The plots of In(fy/T7) versus 1000/T correspoding to difterent
comersions o for activated alunite

Table 2. Actnation energres (E) and r values tor non-acuvated and
activated alumite
Nopn-actuvated alunite | Activated alunite
( I (kJ/mol) r E(kVmol) | r
0| | 735 09916 4116 0.9971
2 2678 () 9982 G1LOY 09781
3 302 .1 (39988 a0 0.984>
4 3039 ().9992 G4 4 ().9648
() > 297.6 (0.9993 76.10 09301
o2 | owoow | oas24 | o97ss
o7 2388 ().9987 235.06 ().9769
(N 2045 ().9828 i A1) 09758
120
MY -
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Figure 7. Comparison ot activation energies calculated by KAS equation
lor non-activated and activated alunite

41

Non- Isothermal Kinetic Study On The Dehydraiion OF
Mechanicaliv Activated Alunite. I Kigtk

As seen n Figure 7, the activation energy values are in the
range of 41 and 76 kJ/mol, up to 0.5 ot «. After u=0.5_ this
value was increased sharply to about 278 kJ/mol. The lower
activation energy values of dehvdration of acuvated alunite.
up to a=0.5, than that of non-activated alunite 1s due to
amorphization and structural deformation in alunite during
the mechanical activation process. It was observed with x-
ray diffraction analvsis that there was no [100% of
amorphization in structure, therefore the activation energy
value increased to about 278 kJ/mol.

4. CONCLUSIONS

It was determuned with x-ray diffraction analyvsis that the
alunite structure was partially amorphized by mechanical
activation.

Mechanical activation affected on temperature range of
dehydration reaction of alunite. This reaction occured after
100°C for activated alunite. while 1t was occured after
150°C  tor non-activated alunite. This behaviour was
supported with TG and DTA.

The dehydration kinetics of non-activated and activated
alunite was investigated by non-i1sothermal method. without

Kinetic mechanism. The activation energy values of
dehydration of non-activated alunite were calculated

between 173 and 264 kJ/mol by using of KAS (Kissenger-

Akahira-Sunose) Kinetic  equation.  The mechanical
activation promoted some amorphization. but not
completely, and structural disorders 1n alunite.  This

pretrecatment decreased the activation cnergy values to the
range of 41-76 kJ/mol, duc to amorphization, up to «
(degree of conversion)=0.5 and then activation energy was
increased to actual values so that there was 1002
amorphization in alunite structure.

no
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