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B cmamve npusedenwvt pesyromamol uuKo-XumuueckKux uccie006anHuii no cyivpamu-
3ayuu KaoJauHO8bIX 21K Mecmopoycoenua « Hawmacanzy ¢ yeavlo noyYeHus Heo YU eHHbIX U
OUUWEHHBIX KOAZYIAHMOE (cynvhama anomunus), 2uOPOKCUOA AnIOMUHUA U 2auHo3ema. Me-
cmopodicoenue Kaoaunogou 2nunwl «4awmacanzy pacnonoxyceno Ha rxyichom ckione I'uccap-
ck020 xpeoma Taoscuxucmana na eooopaszoene mexcoypeuvs Xonaxa — Cyghgha u oxeamoieaem
naouwyaos 0,2 km’. ITo x0dy nposedenus uccne006anuii onpedenensl XumMuueckuii u MUHepaiozu-
YeCKUl COCMagbl KAOIUHOBBIX 2/IUH MecmopodicoeHus « dawmacanzy, cooepicanue okcuoa anio-
MUHUS, KOmopoe naxooumcs 6 npuodenax 19-22%, u 6 ocnoenom npucymcmeyem 6 euoe Munepana
Kaonunuma. Boisenenvt onmumanpnvle mexHoni0Zu4ecKue napamempnl, 6AuAIOuUE Ha NPOUECC
cynvpamusayuu: memnepamypa 220-260 °C, npodoasxcumenvnocms 60-90 mun, kKonyenmpayus
cepnoii kucaomot 90-95%, 0o3upoexa kuciomot 00 110% om cmexuomempuu Takoice 6vin usyuen
npoyecc 600HOI 00padOMKY CYIbPAMUZUPOCAHHO20 CNEKA C Ue1bI0 NOJIYYCHUS OUUIEHHO20 CMe-
WIAHHO20 HCUOK020 Koazynanma. OnmumansHsle napamempusl npoyecca ciedyloujie: memnepa-
mypa 85-95 °C, npooocumenvrnocmy 40-45 mun, coommnowienue meepooi u Hcuokoi a3z
(T:2K)=1:4. Maxcumanvnas cmenens u3zeieuenus cyavhama anloMunus 6 nepecueme Ha 2IUHO-
3em cocmaennem 6onee 90%. IIposedennvim penmzenoh)a3oeoim aHanuzoOm nOOMeEEPICOeHo, YUMo
nocne cynbhamuzayuu KaOATUHOEHIX 21UH MeCmopodicoenun « dawmacanzy nosagaAlmMca Hogvie -
Huu, komopule xapaxkmepuot munepany munnosesuuumy (Al2(SOs)s3) u anynozeny (Aly(SOs)3218H:0).
Pe3ynvmamut 600H0I 00pabomKu cyn1bHamusuposaniozo CReKa ¢ yevio NOJAYUeHUus OYUUEHHO20
cynvhama anomMunus 0vliu HOOMEEPIHCcOeHbl peHmzenohazoevim ananuszam. Boiasneno, umo ¢
cocmage meepoozo OCMamKa nocie Guasmpayuu nyabnsl RPUCYRICHEYEN OKCUO KPEMHUSA 6 6U0e
MUHEPAna Keapua, u ynapeHHas cojib U3 HCUOKol 4acmu 1611emcs 6€3600HbIM CYIbpamom anio-
MUHUA (MUHEPAT MUNTIO3E6UYUM).

KuiroueBble ¢j10Ba: KaOJTMHOBAS TJIMHA, KAOJUHUT, CylbdaTu3aius, cyiabhaT aTFoMUHUS, THIPOKCH]T aJTio-
MUHHUS, TIIMHO3EM, KOAryJIsIHT, CepHas KMCJIOTa
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The article presents the results of physical and chemical studies on the sulfatization of ka-
olin clays of the Chashmasang deposit in order to obtain crude and purified coagulants (aluminum
sulfate), aluminum hydroxide and alumina. The deposit of kaolin clay Chashmasang is located on
the southern slope of the Gissar Range of Tajikistan on the watershed of the Khonaka-Suffa inter-
fluve and covers an area of 0.2 km?. In the course of the research, the chemical and mineralogical
composition of kaolin clays of the Chashmasang deposit was determined, the content of aluminum
oxide, which is in the aisles of 19-22%, and is mainly present in the form of the mineral kaolinite.
The optimal technological parameters that affect the sulfatization process have been identified:
temperatures 220-260 °C, duration 60-90 minutes, sulfuric acid concentration 90-95%, acid dosage
up to 110% of stoichiometry. Also, the process of water treatment of sulfated sinter was studied in
order to obtain a purified mixed liquid coagulant, the optimal parameters of which are as follows:
temperature 85-95 °C, duration 40-45 min, ratio between solid and liquid (S:L) = 1:4. With such
optimal parameters, the degree of extraction of aluminum sulfate in terms of alumina is more than
90%. The X-ray diffraction confirmed that after sulfatization of kaolin clays from the
Chashmasang deposit, new lines appear that are characteristic of the mineral millosevicite
(Alx(SO4)3) and alunogen (Alx(SO.)s18H>0). The results of water treatment of sulfated sinter in
order to obtain purified aluminum sulfate was confirmed by X-ray diffraction. It was revealed that
silicon oxide in the form of quartz mineral remains in the composition of the solid residue after
filtering the pulp, and the evaporated salt of the liquid part is anhydrous aluminum sulfate (millo-
sevichite mineral).

Key words: kaolin clay, kaolinite, sulfatization, aluminum sulfate, aluminum hydroxide, alumina, co-
agulant, sulfuric acid
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INTRODUCTION

Kaolin clay is mainly used to obtain water puri-
fication coagulant (crude aluminum sulfate), Al(OH)s,
Al,Os, porcelain, faience, electrochemical and con-
struction ceramics, refractory products, cement, etc.
[1-6]. As for the high aluminium oxide content in kao-
lin clays, the Zhuravliny Log deposit (Chelyabinsky
district, Russia) with reserves of more than 60 million
tonnes and an aluminium oxide content of more than
36% [7], which is quite suitable for the production of
the above-mentioned types of products, can be cited as
an example. Based on the results of geological works
and on temporary conditions, reserves of kaolin clays
were calculated at the Chashmasang deposit (Tajiki-
stan). The total geological reserves of kaolin clays in
categories C, + C, are 1,958,892 t, including in cate-
gory C — 478,190 t and C, — 1,480,702 t. Reserves of
kaolin clays in the State Reserves Commission are not
approved [8-9]. In works [10-12] were studied the
physicochemical and technological bases for the pro-
cessing of aluminum-containing ores — argillites of ka-
olin clays of the Chashmasang deposit in Tajikistan
with various mineral acids, as well as the processes of
decomposition of argillites by the chlorine method. In
[13], the processing of nepheline syenites, kaolin clays,
and argillites by sintering with calcium chloride and
sodium hydroxide was studied.

One of the most effective ways of processing
low-quality alumina-containing minerals is the acid
method, in the process of acid treatment, silicon oxide
remains in the insoluble solid part, while alumina and
other useful components go into solution [14, 15].
Among the acidic methods of processing alumina-con-
taining minerals, the use of sulfuric acid occupies a
special place due to the relatively low effect on steel
apparatus, the high degree of alumina yield and its rel-
atively low cost [16-22]. The advantage of using sulfu-
ric acid in the Republic of Tajikistan is that an enter-
prise for the production of sulfuric acid (LLC «TAICo
Chemicaly) operates here in the city of Yavan [23-24].

In the literature, the processing of kaolin clays
from the Chashmasang deposit by the sulfatization
method is absent. Therefore, the aim of the work is to
study the physical and chemical parameters of the tech-
nology for processing kaolin clays from the
Chashmasang deposit by the sulfatization method.

MATERIALS AND EXPERIMENTS

Based on this, the process of sulfatization of
kaolin clay from the Chashmasang deposit was studied
in order to obtain purified and unpurified coagulants,
cryolite, aluminum hydroxide and alumina in labora-
tory conditions.
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RESULTS AND ITS DISCUSSION

First of all, the chemical composition of kaolin
clay from the Chashmasang deposit was studied, the
results of which are given in Table.

Table
Chemical composition of kaolin clays from the
Chashmasang deposit
Tabauya. XumMU4eCKHUH COCTAB KAOJUHOBBIX IJIMH Me-
cropoxneHus «Yammacanr

The content of the components, wt. %

. Loss on
SiO; A|203 Fe,03 K0 |Ca0O MgO Na,O ignition
62.1) 205 | 6.9 |05|18| 0.8 | 0.6 6.1

In order to confirm the chemical analyzes car-
ried out, as well as to determine the mineralogical com-
position of the kaolin clay of the Chashmasang deposit,
X-ray diffraction (XRD) was carried out on a modern
DRON-2 device. It was revealed that the main lines be-
long to the mineral’s kaolinite (Al2Si2Os(OH).) (N 29-
1488 from PDF card index file), quartz (SiOz) (N 78-
1254 from PDF card index file), and magnetite
(Fe203-FeO) (N 72-1673 from PDF card index file).

After studying the chemical and mineralogical
composition on the basis of stoichiometric calcula-
tions, the process of sulfatization of kaolin clay from
the Chashmasang deposit was studied. When sulfatiza-
tion is shown kaolin clay, the following chemical reac-
tions are possible.

Al,Si,05(0H), + 3H,S0, —

— Al,(S0,)5 + 2Si0, + 5H,0 (1)

Fe,03 ' FeO + 4H,S0,4 —

— Fe,(S0,); + Fe(S0,) + 4H,0 (2)
CaCO3 + H,S0, — CaSO, + H,0 + CO, 3)
MgCO; + H,S0, —» MgS0,, + H,0 + CO, (4)

Na,0 + H,S0, - Na,SO, + H,0 (5)

K,0 + H,S0, = K,S0, + H,0 (6)

The main factors influencing the sulfatization
process are: temperature, process duration, concentra-
tion and dosage of sulfuric acid. The research results
are shown in Fig. 1 and 2 in the form of graphs. The
influence of the temperature of the sulfatization pro-
cess on the degree of extraction of aluminum sulfate
(in terms of alumina) is shown in Fig. 1 (curve 1).

As can be seen from the Figure, with an in-
crease in temperature, the rate of sulfatization of kaolin
clay increases, and the degree of extraction of Al.Os
changes from 25.8 to 91.7% in the temperature range
from 100 to 260 °C. However, an increase in tempera-
ture above 280 °C adversely affects the degree of ex-
traction of alumina, which is associated with the evap-
oration and decomposition of sulfuric acid. On Fig. 1
(curve 2) shows the dependence of the degree of ex-
traction of aluminum sulfate on the duration of the sul-
fatization process.
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Fig. 1. The dependence of the degree of extraction of alumina on
temperature (1) and the duration of the sulfatization process (2) at
a constant concentration of sulphuric acid — 95% and its dosage —
100% of the stoichiometry
Puc. 1. 3aBHCHUMOCTb CTEIICHU HU3BICYCHHUS TJIMHO3EMa OT TEMIIe-
patypsl (1) 1 IPOJOIKUTENEHOCTH Tpotiecca cyibhaTuzanun (2)
IIPU MOCTOSIHHON KOHIEHTPALMK CEpHOM KUCIOTHI — 95% u ee no-
3upoBke — 100% oT cTrexuomerpuu

For 30 min of the process, the degree of extrac-
tion of Al;Os is 43.6%, and with an increase in time to
60-90 min, the degree of extraction of alumina steadily
increases to 92.1%. With an increase in the duration of
the process from 90 to 180 min, the degree of release
of aluminum sulfate decreases from 92.1 to 65.1%,
which is due to the decomposition of the formed alu-
minum sulfate with the formation of water-insoluble
aluminum hydroxide and sulfuric anhydride in the
form of gas. The temperature and duration of the pro-
cess were varied at a sulfuric acid concentration of
95% and an acid dosage of 100% of the stoichiometry.

The influence of the concentration and dosage
of sulfuric acid on the degree of extraction of alumina
is shown in Fig. 2.
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Fig. 2. Dependence of the degree of extraction of alumina on the
concentration (1) and the dosage of sulfuric acid (2) at a constant
process temperature of 260 °C and a duration of 90 min
Puc. 2. 3aBUCHMOCTD CTEIIEHH U3BJIEUEHHS TJIMHO3EMA OT KOHIICH-
TpauuH (1) ¥ 103UPOBKY CepHON KUCIOTHI (2) IPU MOCTOSIHHOM TeM-
neparype npouecca — 260 °C 1 ero npoaopKuTebHoCTH — 90 MUH
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As can be seen from Fig. 2 (curve 1), when the
concentration of sulfuric acid changes from 45 to 95%,
the degree of alumina extraction increases from 42.2 to
91.6%. The effect of the dosage of sulfuric acid on the
degree of extraction of alumina was determined on the
basis of a stoichiometric calculation of the interaction
of the components of kaolin clay with sulfuric acid, the
result of which is shown in Fig. 2 (curve 2). It can be
seen from the graph that when the dosage of sulfuric
acid is changed from 70 to 110% according to the stoi-
chiometric calculation, the degree of alumina extrac-
tion increases from 59.5 to 92.3%, and its additional
increase leads to a decrease in the degree of alumina
extraction. In our opinion, with an increase in the dos-
age of sulfuric acid by more than 110%, the viscosity
of the mixture increases, the diffusion of sulfuric acid
molecules decreases and, as a result, the interaction of
acid molecules with kaolin clay molecules slows
down, which in turn leads to a decrease in the degree
of extraction of alumina.

As a result of the experiments, the optimal pa-
rameters for the process of sulfatization of kaolin clay
from the Chashmasang deposit were established: tem-
perature — 220-260 °C; the duration of the process is
60-90 min; H,SO, concentration — 95-98%; dosage of
sulfuric acid — 100-110% of the stoichiometric amount.
Under such conditions, the degree of extraction of alu-
mina is more than 90%.

In order to confirm the process of sulfatization
of kaolin clay from the Chashmasang deposit, XRD of
sulfatized sinter was carried out, the result of which is
shown in Fig. 3.
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Fig. 3. X-ray of sulfated kaolin clay sinter from the Chashmasang
deposit (a) and standard sample (6): 1-millosevicite (Al2(SOa)s),
2-quartz (SiOz2)
Puc. 3. PentreHorpamma cyiabphaTH3upOBaHHOTO CHIEKa KAOJIHHO-
BO# ITMHBI MECTOPOXACHUH «YHarmacanry (a) 1 CTaHIaPTHOTO
obpasa (6): 1-muutozeBuunt (Al2(SO4)s), 2-kBapi (SiO2)

XRD of the sulfated sinter (Fig. 3) shows that
after the sulfatization of kaolin clay from the
Chashmasang deposit, new lines appear that belong to
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the mineral millosevicite (Al2(SO4)s) (N 22-21 from
PDF card index file) and quartz (SiO2) (N 78-1254
from PDF card index file). Since the degree of extrac-
tion of ferrous sulfates under optimal conditions is up
to 40%, the lines belonging to ferrous sulfate are not
observed on the X-ray pattern. Thus, the XRD con-
firms the process of sulfatization of kaolin clay from
the Chashmasang deposit and proves the formation of
aluminum sulfate. The resulting sulfated sinter can be
used as a crude coagulant.

In order to separate soluble sulfates from sul-
fated sinter, the water treatment process was studied.
The main parameters influencing the
water treatment process are: tempera-
ture, process duration and the ratio of
solid and liquid phases.

It was determined that when the
temperature rises from 45 to 95 °C, the
degree of aluminum sulfate release (in
terms of aluminum oxide) increases
from 41.2 to 92.1%, and with a change
in the duration of the process from 20 to

TG (%)

N.A. Naimov et al.

According to DTA (Fig. 4), the thermal de-
composition of aluminum sulfate crystal hydrate pro-
ceeds schematically as follows.

50—-115°C

Alz (804)3 " 18H20 E—
50—115°C 115-215°C
S AlL(SO,)s - 8,5H,0 ——
115-215°C 215-315°C
—)A12(504)3 " 4‘,5H20 —
215-315°C 315-670°C
—— A12(504)3 " 1,5H20 —
315-670°C 670—830°C

—>A12(SO4)3 " 0,5H20 —
670—830°C
— 5y —AlL,0; 43S0, 1 + 1,50, T +0,5H,0 1

T
&
=3

....
4 & & b
o (=] =] o
Heating rate (min.)

T
&
=3

40-50 min the degree of separation of )
alumina varies from 53.6 to 92.3%. With

an increase in the duration of the process for more than
50 min, the degree of isolation of aluminum sulfate de-
creases, which is associated with the evaporation of the
aluminum sulfate solution and its crystallization at a
temperature of 95 °C.

At the same time, at a ratio of solid and liquid
phases equal to S:L — 1:4-5, the degree of separation of
aluminum sulfate is more than 90%, adding more water
leads to a decrease in the degree of extraction of alu-
mina, which is associated with hydrolysis of the result-
ing dilute solution of aluminum sulfate.

To confirm the process of water treatment of
sulfated sinter after filtering the pulp, X-ray diffraction
analysis of the evaporated sample of the aluminum sul-
fate solution and the solid residue was carried out. It
was determined that the revealed X-ray lines of the
evaporated solution belong to the mineral millosevicite
(Al2(S04)3) and this confirms the formation of pure an-
hydrous aluminum sulfate from kaolin clay of the
Chashmasang deposit. And also, the X-ray of the solid
residue indicates that all the detected lines belong to
the mineral quartz (SiO,), and thus confirms the com-
plete dissolution of the millosevicite mineral in water.

In order to establish the temperature changes
of the obtained aluminum sulfate crystal hydrate
(Alx(SO4)s-18H:0), differential thermal analysis (DTA)
was carried out on a LabSys Evo device at a speed
of 10 °C/min, the result of which is shown in Fig. 4.

T T
100 150
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Fig. 4. DTA of aluminum sulfate crystal hydrate obtained by sul-

fatization of kaolin clay: I-TG line; I1-DTA line; 1,2,3,4-endother-
mic effects

Puc. 4. ITA xpucrautoruapara cyiab(ara aqTrOMAHUS, TIOTy4CH-

HOTO CyNb(aTn3aiueil kaonuHoBoi riauHbL: [-muaus TT; [-muHns
ATA; 1,2,3,4-3a00TepMudecKkue 3HEKThI

As can be seen from Fig. 4, when the tempera-
ture changes from 25 to 830 °C, 4 deep endothermic
effects appear on the DTA line (Fig. 4, Il) (marks
1,2,3,4), characterized, respectively, by weight loss on
the TG line (Fig. 4, ). According to the reaction
scheme of the thermal decomposition of aluminum sul-
fate crystal hydrate and the TG/DTA line (Fig. 4, 1, 1),
the first endothermic effect (Fig. 4, mark 1) occurs in
the temperature range from 50 to 115 °C, which is as-
sociated with the loss of 9.5 water molecules of alumi-
num sulfate crystal hydrate and the transformation of
Al>(S04)3- 18H20 into Alx(SO4)3-8.5H,0. The second
endothermic effect (Fig. 4, mark 2) occurs in the tem-
perature range from 115 to 215 °C, which corresponds
to the loss of 4.5 water molecules with the formation
of Alx(S0.)s-4H,0. With the third endothermic effect
(Fig. 4, mark 3) in the temperature range from 215 to
315 °C, 3 water molecules are removed with the transfor-
mation of Al>(SO4)3-4.5H20 into Alx(SO4)s-1.5H,0. Fur-
ther heating in the temperature range from 315 to 670 °C
leads to the loss of up to 1.0 water molecules and, ac-
cordingly, the formation of Al>(SQO4)3-0.5H20. Thus,
up to a temperature of 670 °C, the total water loss is
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more than 97%. According to the fourth deep endother-
mic effect (Fig. 4, mark 4), starting from a temperature
of 670 °C, complete removal of molecular water
(0.5H,0) occurs and up to a temperature of 830 °C, the
process of decomposition of aluminum sulfate is ob-
served with the formation of gamma modification of
alumina (y — Al,03), sulfur dioxide (SO), oxygen
(O2) and water vapor (H20), which, according to the
TG line (Fig. 4, 1), is associated with a 37% weight
loss. As a result of the DTA studies, it turned out that
during the heat treatment of aluminum sulfate crystal hy-
drate from sulfatized kaolin clays of the Chashmasang de-
posit to a temperature of 830 °C, technical alumina can
be obtained.

CONCLUSIONS

The studies carried out make it possible to de-
velop a technology for the extraction of aluminum sul-
fate (purified coagulant) from local alumina-contain-
ing raw materials, moreover, during the processing of
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