@ CHEMICAL PROBLEMS 2022 no. 3 (20) ISSN 2221-8688 249

UDC 546.54.062
EXPRESS ANALYSIS METHOD OF ALUNITE ORE
'A.A. Ibrahimov, A.A. Heydarov, °R.M. Vakilova, ’R.Y. Badalova

'Azerbaijan Technical University
?Institute of Catalysis and Inorganic Chemistry named after Acad. M. Nagiyev
H. Javid ave., 113, Baku AZ 1143, Azerbaijan Republic; e-mail: ali.ibrahimov_i@mail.ru

Received 14.05.2022
Accepted 17.07.2022

Abstract: The article presents a method to determine an amount of alunite in alunite ore and technological
samples by alternative method. The essence of the method is that the alunite mineral in the ore is heated to
the temperature of complete decomposition (800-850°C) and the degree of alunitation of the ore for the total
mass loss, based on the amount of aluminum oxide and sulfur trioxide. The method was compared with other
available methods (thermal, chemical, X-ray phase). The advantage of the method is that more than one
sample is analyzed at a time, the analysis is completed in a short time, no preliminary preparations are
made, nor chemical reagents are used. Alunite ore consists of alunite and non-alunite (kaolinite, hematite,
guartz). Since the mass loss during the heating of the ore is mainly caused by the decomposition of alunite, a
mathematical relationship of a%=2.34ws Was found between the loss and the degree of alunitation.
According to the degree of alunitation, for the aluminum oxide and sulfur trioxide in the ore, the expressions
®(a1203)=0.8775 w1055, 0(503=0.6888 w105 Were obtained. Chemical, derivotographic methods of analysis
experimentally confirmed the adequacy of these equations. It was established that in order to completely

decompose the ore, it is necessary to heat it at 850°C for half an hour and at 800°C for an hour.
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Introduction

Physico-chemical analysis of a large
number of samples should be carried out for
geological exploration of mineral raw materials,
field assessment, preparation of average
samples and etc.. Therefore, there is a great
demand for reliable analysis methods performed
in a shorter period of time and with less reagent
consumption.

Since the amount of aluminum in alunite
ore depends on the degree of alunitation of the
rock, the initial analysis of the samples is
carried out to find the amount of alunite
mineral. Thus, in addition to alunite, kaolinite,
quartz, hematite, etc. are found in the ore.

The main method of determining the
degree of alunitation is the alkaline method.
Alunite ore is dissolved in 10% alkali at 80-
90°C for 15 minutes. The alkalinity is relatively
high, so the aluminum compounds in the sample
are converted to NaAlO,. The aluminate
solution is filtered off from the insoluble

residue, hydrolyzed to obtain AlI(OH);3 and the
amount of Al,O3 is determined by gravimetric
methods [1]. The degree of alunitation of the ore
is calculated based on the mass of Al,Os;. As
can be seen, too much time and reagent is spent
on analysis.

Another  proposed method  for
determining the degree of alunification of ore is
heating samples at a temperature of 750-850°C
and the degree of alunitation in view of mass
loss due to the release of the resulting SOs.
However, the separation of SO; is carried out
over a wide temperature range and it turns out
that the sample must first be heated to separate
the water (550-600°C), then re-heated at 780-
850°C and the mass loss for SO; must be
studied. This also requires additional time and
expens [2].

In another method, the amount of alunite
in samples and technological products is
determined chemically according to the amount

www.chemprob.org

CHEMICAL PROBLEMS 2022 no. 3 (20)


http://www.chemprob.org/
mailto:ali.ibrahimov_i@mail.ru

250

A.A. IBRAHIMOV et al.

of sulfate in the ore. Sulfate ions combined with
both Na* vo K* and aluminum are calculated
here. To do this, coefficients are calculated for
different amounts of Na and K [3].

Recently, the amount of alunite is used
to determine the amount of alunite in ore and
technological samples, based on methodological
recommendations for X-ray diffraction phase
analysis [4]. The essence of the method is that
the most intensive peak of alunite in the
radiograph of the analyzed sample is compared
with pre-prepared standart samples. A graph of
the relationship between the mass fraction of
alunite in the ore and the intensity of the peaks

is constructed for reference samples and
according to the graph, the amount of alunite in
the ore is found. However, in this method, the
most intense peak of alunite (d=2.971) may not
always change linearly depending on the
amount of alunite in the alunite ore due to the
amount of Na and K in it and the effect of other
mixtures. On the other hand, the number of
technological samples can be hundreds to find
only the average sample. X-ray diffraction
phase analysis of so many samples is not
convenient in terms of both time loss and
certain difficulties.

Theoretical part

The degree of alunitation for the total
mass loss is established by calculating the
amount of Al,O3 and other components based
on the calcination of the samples taken at 850°C
in the proposed method.

The difference of the method is that the
incandescence is carried out only at one
temperature (850°C). It is at this temperature
that the complete decomposition of alunite
comes to an end. At the same time, the result is
obtained by heating a large number of samples
at once in a short time.

Since the method is gravimetric, it is necessary
to determine the molar mass of alunite. Thus,
the amount of Na and K in the alunite is
calculated as 828 g/mol for potassium alunite or

812 g/mol for sodium potassium alunite taken
separately [5].

Numerous studies have shown that Na
and K change monotonously in the Zeylik
alunite, and its empirical formula is as follows
[6]:

Na0,8K1,20-3AI203-4803-6H20
Then the molar mass of the alunite mineral is
815.2 g/mol and calculations were made at this
value.

Alunite ore can be conventionally
written as the sum of two parts:

Ore (F) = Alunite(A) + Non-alunite(Ao)

The decomposition of the alunite mineral
(alunite part) can be shown as follows at 800-
850°C:

(Naoyg K12)A|6(SO4)4(O H)lz—:’ (NaoygKlyz)~SO4-3A|203+3803+6H20

The non-alunite part consists mainly of quartz,
hematite, kaolinite (dickite). For example, X-ray
phase analysis determined that the phase
composition (by percentage) of one of the
samples was as follows: SiO, — 53.4; alunite —
35.5; kaolinite — 9.8; hematite — 1.5. The mass
loss during the heating of the ore may change
due to the water released from the kaolinite.
However, it was established that its amount
does not exceed 1.5%. Also, water is mainly
separated after 850°C [7]. Therefore, the amount

of water obtained from kaolinite does not affect
the overall result beyond the error allowed for
express analyzes.

If the degree of alunification of the ore is
a%, then the alunite part is (mga%)/100,
where mg — sample weight of ore, the non-
m. - (100—-a%)

100 '

When heating the alunite ore, the mass
loss due to the loss of SOz and water is
expressed as follows:

alunite part is

Miess=Mg (Mass left over from the decomposition of alunite + mass of non-alunite).

CHEMICAL PROBLEMS 2022 no. 3 (20)



EXPRESS ANALYSIS METHOD OF

251

When alunite is heated, 1 mole (815.2
g/mol), 3 moles of SOz and 6 moles of H,0O

(348 by mass) are lost. In percentage terms, the
remaining part is 57.31%.

%-57,31 N mg(100—-a%)

_ mg-ad
Mygss =Mp - 1

10* . Miess= 42,69-me-a%

degree of alunification a% =
m

-10% i
Doss ™2 — 2 34 .1Moss . 100 in the formula
mp-42,69 mg

Mg .
m;tkl +100 is the percentage of loss (). Then
F

04 102

the degree of alunitation is a%=2,34 mjess (1).

Once the degree of alunitation of the ore
is known, the amount of Al,O3; and SOs in the
samples can also be calculated. Mass of Al,O3
in the alunitized part:

Mar,0, = 0,00375 - mz - a% = 0,00375 - mg - 2,34 - W55 = 0,008775 - M - s
Wat0, = m%i‘” 100 = 0,8775 - woss  (2)

The mass of SOz in the ore sample,
which is contained in the ore and can be
separated when heated, and the mass fraction
for mass loss can be calculated:

mr.a% 29,44

Mso, =

100 100

The mass fraction of SOz in the mineral
alunite is 29.44%. Then the mass of SOj; in the
sample (msog)

= 0,002944 - mp - a%

Mass fraction(wg,,) of SOs in the sample (my)

Mgo, .10

_0,002944 - mp - a%

Wso, =

+100 = 0,2944 - a%

mp

If we replace the value of a % in the formula (1):

a)503 = 0,294’ b 2,34’ ) wloss = 0!6888 ' wlOSS

Wso, = 0,6888 - w5 (3)

is obtained.

Experimental part

In order to verify the accuracy of theoretical
calculations, a sample of alunite ore (size 200
mesh) weighing 25.848g with the composition
being established by physicochemical methods
and containing 50% alunite, is heated in a
muffle furnace at 850°C for 1 hour. Mass loss is
21.53%. If we replace it in formula 1, we get
a% = 2.34-m)oss + 2.34-21.53=50.38% .
When the same alunite sample (about
twice less) weighing 12,594 g was heated for
the second time under the same conditions, the
mass loss was 21.425%:

a% =2.34 - 21.425 =50.13%
Given that the derivatographic analysis is more
accurate, the above derivatographic analysis of
the same sample taken for thermal
decomposition was performed (Figure 1). As
can be seen from the figure, the total mass loss
was 21.25%. If we write the amount of loss in
the formula

a% =2.34 - 21.25 = 49.725
the error is 0.81%.
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Fig. 1. Derivatographic analysis of a sample containing 50% alunite.

To determine  the effect of

constant weight after the temperature had

incandescence time on mass loss, the samples  stabilized. As can be seen from Fig. 2, the
were heated in an oven at 800 and 850°C for  mass loss stabilizes after 30 minutes of
15, 30, 45, 60 minutes and brought to a  incandescence.
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Fig. 2. Dependence of the degree of decomposition of alunite ore on its heating time

Experiments have shown that mass loss
during incandescence at 800°C occurs within
half an hour at 850°C. That is, the
incandescence can be carried out at 800°C.
However, this takes more time.

In subsequent experiments, the results of
both thermal decomposition and derivatographic
analysis of samples with a predetermined degree

of alunitation by chemical analysis were
compared.

Table 1. Comparison of alunitation rates found by different methods

Found by chemical Found by Calculated according to
analysis derivatographic analysis mass loss
1 23.7 23.4 24.66
2 36.6 36.1 35.6
3 50 49.73 50.13
4 52.02 51.55 52
5 76.93 76.54 76.50
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L 6 | 9% |

89.99 | 89.78 |

As can be seen from the Table, the
proposed method of finding the degree of
alunitation for mass loss is useful as an express
method.

The amount of Al,O; in the kaolinite of
the ore is usually taken from 2-3% in
technological samples [8] and the total Al,O3 is
found by combining the amount of alumina in
the alunite.

To test the adequacy of the proposed
method, a sample ore weighing 3,209g is

dissolved in an excess 10% alkaline solution.
The obtained sodium metaaluminate solution is
diluted and hydrolyzed to precipitate Al(OH)3
and the amount of Al,O; is calculated by
gravimetric method. 0.704g of Al,O3 is
obtained, which is 21.93% of the total ore.
When the same amount (3.2099) is taken
from the same sample and heated at 850°C, the
mass loss is 0.686g. This percentage is 22.64%.
If we replace the value of the loss in the formula

(),

WAL 0, = m%p% 100 = 0.8775 - wjpgs = 0.8775 - 22.64 = 19.86%

As mentioned above, the amount of
Al,O3 in the non-alunite part of the ore is
usually 2-3% in technological samples. On
average, if 2.5% is taken, it will be 19.86+2.5 =
22.36. The error is 1.96%.

Studies have shown that in samples
containing less than 25% of the alunite mineral
("poor alunite™) the error is up to 5%. Therefore,
it would be more appropriate to treat such
samples, most of which are made of koalinite
(dikkit) and quartz, as clay, rather than as
alunite ore.

Let us use formula (3) to find the amount
of SOz obtained from the decomposition of
aluminum sulphate in alunite ore for the total
mass loss of the above-mentioned samples at
850° C.

wWsp, = 0.6888 * w45

When a sample of alunite with an
alunitation rate of 50% is heated to 850°C, the
total mass loss is 21.25%.

wso, = 0,6888 - 21.25= 14.63

In order to verify the accuracy of the

calculation of the amount of SO3 obtained from
the decomposition of alunite ore for the total
mass loss, ore samples taken in the same mass
were chemically analyzed. Also, ore samples
dehydrated for two hours at 585°C were
preheated for one hour at a temperature of 750-
850°C. The amount of SO; released in the
sample was calculated for mass loss.

For chemical analysis, ore samples
placed inside a quartz tube are heated to 850°C
for one hour in a tubular furnace. SO,, and SO3
obtained by injecting nitrogen gas from a
balloon are blown over the sample and passed
through  successively  connected  drexels
containing hydrogen peroxide. The obtained
sulfate ions are precipitated with 5% BaCl,
solution. The amount of SO; in the sample is
calculated according to the mass of BaSO,.
Table 2 shows the chemical values of sulfur
trioxide obtained from the decomposition of
alunite ore for mass loss at 780-850°C and for
the proposed total mass loss.

Table 2. Chemical values of sulfur trioxide obtained from decomposition of alunite ore for mass
loss at 750-850°C and total mass loss

Degree of Finding wgo, by Findingwge,for mass | Finding wg, for
alunitation of the | chemical method loss at total mass loss
ore 780-850°C
33.6 10.54 9.68 10.59
50 14.28 14.05 14.63
80.12 2251 22.4 23.52

CHEMICAL PROBLEMS 2022 no. 3 (20)



254 A.A. IBRAHIMOV et al.

As is evident from Table 2, the results

obtained by the proposed method are adequate

to other methods.
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ALUNIT FiLiZiNIN EKSPRES ANALIiZ USULU
9.A. Ibrahimov, A.9. Heydarov, R.M. Vakilova, R.Y. Badalova

AMEA-min akad. M.Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu
AZ 1143, Baki, H.Cavid pr., 113, e-mail: ali.ibrahimov_i@mail/ru

Xiilasa: Mogaloda alunit filizinds vo texnoloji niimunalords termoqravimetrik yolla alunitin miqdar1
torkibinin toyin edilmosinin alternativ iisulu verilmisdir. Usulun mahiyyoti ondan ibaratdir ki,
filizdoki alunit minerali tam pargalanma temperaturuna (850°C) qador qizdirilir vo iimumi kiitlo
itkisino gors filizin alunitlosma doracasi, onun asasinda iso aliiminium-oksid va kiikiird-trioksidin
miqdart tapilir. Usul digor mdveud (termiki, kimyavi, rentgenfaza) iisullarla miiqayiso olunmusdur.
Usulun iistiinliiyii ondan ibarotdir ki, bir dofoyo daha ¢ox niimuno analiz olunur, analiz qisa
miiddotds basa ¢atir, 6ncadon miioyyon hazirhiglar aparilmir vo he¢ bir kimyovi reaktiv sorf
olunmur. Alunit filizinin torkibi alunit vo geyri alunit ( kaolinit, hematit, kvars) hissadon ibarotdir.
Filizin qizdirilmasi zaman kiitls itkisi asason alunitin parcalanmasi hesabina bas verdiyindon itki
ilo alunitlosmo doracasi arasinda a%=2.34 wjy riyazi asilihigi tapilmisdir. Alunitlosmo daracasine
gora filizdaki altiminium-oksid vo kikirdtrioksid Ugiin w4y, = 0,8775 - Wik , Wso, = 0,6888 -
Wjei 1fadalort alinmigdir. Kimyovi, qravimetrik vo derivatoqrafik yolla alinmis naticolorin tocriibi
olaraq verilmis diisturlarla adekvat oldugu tosdiglonmisdir. Miioyyon edilmisdir ki, filizin tam
pargalanmasi ii¢iin  850°C-do qizdirmam yarim saat, 800°C-do  iso bir saat orzindo aparmaq
lazimdir.

Acar sozlar: alunit, ekspres analiz, termiki par¢alanma, kiitls itkisi
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3KCIIPECC METO/ AHAJIN3A AJITYHUTOBOM PYJIbI
A.A. U6parumos, A.A. I'eiinapos, P.M. Bekniiosa, P.51. baxanosa
HUncmumym xamanuza u neopeanuyeckou xumuu um. akao. M.Hazcuesa

Hayuonanvnoti AH Azepbaiiosxcana
AZ 1143 baxky, np. I". /pcasuoa, 113; e-mail: ali.ibrahimov_i@mail.ru

Annomayua: B cratbe npeiaraeTcsl albTEpHATUBHAS METOAMKA OIPENEICHHS] KOJINYECTBEHHOTO
COZIepKaHUs allyHUTa B pPylaX M TEXHOJOTMYEKHX MpoOax TEpMOIPaBUMETPUUYECKHUM METOIOM.
CyIHOCTh METOJIMKU COCTOUT B TOM, YTO aJIyHUTCOJEPKAIlasl pyJla HarpeBaeTcs A0 TeMIIepaTypbl
nonHoro pasnoxkenns (850 °C). CTenens alyHUTH3ALMH Py/Ibl ONPEAEIACTCS 110 TIOTEpe Beca, i Ha
€€ OCHOBE PaCCUMTHIBAETCS KOJIMUYECTBO OKHCH AITIOMUHHUS M TPUOKCHAA CEPbl B COCTABE PY.bI.
Crnioco® cpaBHUBAJICA € JAPYrMMM CYHIECTBYIOIIMMHU METOJaMM (TEPMHUUYECKUH, XMUMHUYECKHH,
peHTtreHoda3oBseiii). IlpenMyimecTBOM MeToga TpU BCEH €ro OBICTPOTE W OTHOCHTEIHHOU
JICLLIEBU3HE SIBJISICTCS BO3MOXKHOCTh OIPEENICHHUs KOJIMYEeCTBA allyHUTa B Mpobe 0e3 crenualbHON
MPOOOMOATOTOBKM M HCIOJB30BAHUA XMMHMUYECKHUX pEaKTUBOB. JlaHHBIA METOJ TMO3BOJSET B
TE€YEHHUE KOPOTKOIO BPEMEHM AaHAIM3MPOBaTh OOJBIIOE KOJWYECTBO TEXHOJOTMYECKHX IpPOo.
AnyHHUTOBAs py/a COCTOUT U3 aJlyHUTa U HEAyHUTOBOM (KAOJMHHUT, F€MaTUT, KBapl) yacTtu. [Ipu
HarpeBaHUU py[bl OTEPs Beca MPOMCXOJUT, B OCHOBHOM 3a CUET Pa3lioKeHus ainyHurta. [losTromy
Obula HalileHa MaTeMaTU4ecKas 3aBUCUMOCTh MEXIY CTEIEHBIO PasjIOKCHHS ATyHUTAa W OOIIei
notepeit Beca pyasl: a%=2.34 o, rae o - oduias noteps Beca.

A 10 cTeneHu pa3iokKeHUs HalJIeHO KOJIMYECTBO OKCHJIA aTFOMMHHUS M TPUOKCH[IA CEPhl B COCTaBE
pyabl: Wa,0, = 0,8775-w , wgo, =0,6888-w . Xumudeckum, nepuBarorpaduyec- Kum
METOAAMU aHaju3a »JKCIEPUMEHTAJIbHO TOATBEP)KICHA aJeKBATHOCTh JIAaHHBIX YpaBHEHMH.
Ormpenenero, 4To IS OJTHOTO Pa3jioxKeHus pyabl npu 850 °c Tpebyercs noiyaca, a mpu 800 oc -
OJIMH 4ac BPEMEHH.

Knrwoueswvie cnosa: anynum, skcnpecc ananus, memMnepamypa pasiodceHus, nomeps 6eca
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