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Abstract: The article deals with the application of the fuzzy logic approach to the stage of precipitation of
aluminum hydroxide from sodium aluminate solutions obtained from the alkaline solution of raw alunite by
hydrogen peroxide as an eco-friendly reagent. Factors influencing the precipitation of aluminum hydroxide
in the presence of H,O, from poor aluminate solutions include the concentration of hydrogen peroxide, the
volume of hydrogen peroxide, and other parameters. The application of fuzzy logic to this process allows
calculating the probabilities that the parameters can occur not only in one value but in a wide range as well,
to find the optimal conditions for obtaining high-yield aluminum hydroxide. Based on the results of the ex-
periments, it is possible to precipitate aluminum hydroxide with a yield of 92% using 15.5 ml of 17% hydro-
gen peroxide at 25 °C using fuzzy sets suitable for low, medium and high levels, and this figure can be in-
creased or decreased by changing the parameters. The simulation of process control through a fuzzy logic

controller is compiled using membership functions in Matlab.
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Introduction

Fuzzy logic theory is a new approach used
to imitate human thought using calculations and
operations with fuzzy sets and linguistic varia-
bles, and its application to various fields of sci-
ence has been growing rapidly in recent years.
Fuzzy logic is not fixed or precise, but an ap-
proximate form of thinking. Traditional binary
sets have a value of truth such as 0 or 1, which
is true or false, and fuzzy logic can take any
value between 0 and 1 [1].

It is not possible to model processes in
fuzzy and uncertain systems using ordinary
mathematical equations (eg. differential equa-
tions). Mandani's fuzzy logic control [2] and
Lutfi-Zadeh's [3] fuzzy set theory are relevant
research topics in the process automation and
control theory.

Several studies on the application of the
fuzzy logic approach to various chemical
processes are also being studied [4], for
example, the optimization of the pH in the

environment [5]. Moreover, this theory was
applied to the process of processing alunite.
After studying the existing processes, authors of
[6] evaluated 13 methods of processing alunite
on 14 criteria of technical, economic, and
environmental parameters, and which methods
are more effective have been studied through
fuzzy logic theory.

In the production of alumina during the
processing of alunite ore, firstly, the ore is
dissolved in an alkaline solution, the aluminate
solution separates from the insoluble residue,
desilication [7-8] and then aluminum hydroxide
is precipitating from this solution, mainly using
the carbonization method. A variety of other
chemicals (e.g., ethanol [9], hydrogen peroxide
[10], ammonia [11]) may also be used as a
precipitant agent at this stage. As this process is
a major step in the alunite ore processing for the
production of the target product, process
management matters as well.
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This paper presents the application of
fuzzy logic theory to the stage of precipitation
of aluminum hydroxide from aluminate
solutions obtained on the basis of new alunite
technology [12]. This technology allows to
exploit both poor and rich alunite deposits,
simply, cheaply, efficiently and eco-friendly.

Since the main factors influencing the
precipitation of aluminum hydroxide are the
concentration and volume of the precipitator,
the optimization of these parameters is one of

the main objectives to find the appropriate
conditions [13], so fuzzy logic control was to
optimize the process. The fuzzy logic theory has
been applied to determine the optimum
conditions that make it possible to achieve
maximum results, and the main purpose of the
work is to increase the yield of aluminium
hydroxide by controlling the conditions.
Parameter simulation was performed by using
the MATLAB's Fuzzy Logic toolbox.

Experimental part

Fuzzy logic is a systematic and mathemat-
ical approach to imitate human thought and log-
ical reasoning. It provides an instinctive or
promising way to implement decision-making,
diagnostic, and monitoring system. The two key
components of fuzzy logic are linguistic varia-
bles and membership functions. Linguistic vari-
ables are beings used to represent qualities that
span a certain spectrum. Membership functions
are user-defined values for linguistic variables
[14]. Thus, a person's ability to think logically
can be realized through a fuzzy logic approach

to the management complex real-world systems.

The fuzzy logic controller is based on ex-
pert knowledge that provides tools to transform
the control strategy for linguistic variables into
an automatic control strategy.

Fuzzy inference systems are also referred
to as fuzzy controllers when used as fuzzy rule-
based systems, fuzzy patterns, fuzzy associative
memory, and controllers. Fuzzy inference sys-
tems are primarily made up of functional blocks

(Fig.1) [15].
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Fig. 1. Fuzzy inference system

To summarize this schematic diagram, it
ought to be noted that the overall system
consists of a rule base made up of several fuzzy
rules; a database that defines the membership
functions of fuzzy sets used in fuzzy rules; a
knowledge base in conjunction with a database
and a rule base; a decision-making unit in
charge of the rule-summarization process
(interface engine); a fuzzy interface that
converts explicit input parameters to matching
degrees of linguistic variables (fuzzification); a

fuzzy interface that converts the fuzzy results of
the interface into a clear output [16].

Fuzzy If-Then Rules, also known as fuzzy
conditional terms, are labels of If A then B,
where A (input) and B (output) are fuzzy char-
acters characterized by the corresponding mem-
bership functions. In its short form, fuzzy if-
then rules are used to make vague judgments
that play an important role in a person's ability
to make decisions in terms of uncertainty [17].
A basic note: if the concentration of a solution is
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high, the volume is low. Concentration and vol-
ume are linguistic variables with high and low

membership functions [18].

Results and discussion

During the study, an aluminate solution of the
following composition obtained from the solu-
tion of alunite ore in alkali (NaOH) was used:
52.3 g/l NaOH; 40.8 g/l Al,0s; 1.85 g/l KOH; 1
g/l SO,; 0.39 g/l SiO,. Experiments weren
carried out under certain  conditions
(concentration of hydrogen peroxide 5-20%;

(Coupled TwoTheta/Theta)

temperature = 25°C, VHZOZ Veol = (5-20) ml: 20
ml, with pH control and constant stirring (300
rpm). X-ray analysis and scanning electron
microscopy (SEM) of the precipitated aluminum
hydroxide are performed on Fig.2.
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Fig. 2. X-ray analysis and SEM microscopy of precipitated AI(OH)3 (concentration of hydrogen
peroxide (10%); volume of hydrogen peroxide (10ml)
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The membership functions were selected
based on these predetermined conditions and
testing outcomes. Initially, the input parameters
(concentration and volume of hydrogen perox-
ide) and the output parameter (precipitation rate
of aluminum hydroxide) were entered using the

Gaussian and triangular membership functions,
respectively. The 9 fuzzy sets based on the if-
then rules and used to find the optimal condi-
tion, are shown in Tab. 1, and Fig.3 which de-
pict the fuzzy sets created with the Fuzzy Logic
Toolbox's rule editor tool.

Table 1. Input membership functions (concentration of hydrogen peroxide (5-20%) 0-5% less than
5-15% average; 15-20% more; volume of hydrogen peroxide (5-20 ml): 0- 5 ml less; 5-15 ml

medium; 15-20 ml 15-20.

Input parameters

Low Medium High

1 Concentration of hydrogen peroxide + - -
' Volume of hydrogen peroxide + - -
5 Concentration of hydrogen peroxide + - -
' Volume of hydrogen peroxide - + -
3 Concentration of hydrogen peroxide + - -
' Volume of hydrogen peroxide - - +
4 Concentration of hydrogen peroxide - + -
' Volume of hydrogen peroxide + - -
5 Concentration of hydrogen peroxide - + -
' Volume of hydrogen peroxide - + -
5 Concentration of hydrogen peroxide - + -
' Volume of hydrogen peroxide - - +
7 Concentration of hydrogen peroxide - - +
' Volume of hydrogen peroxide + - -
8 Concentration of hydrogen peroxide - - +
' Volume of hydrogen peroxide - + -
9 Concentration of hydrogen peroxide - - +
' Volume of hydrogen peroxide - - +

2 If (concentration-HZ02 is low) and (velume-HZ02 iz middle} then (precipitation-rate iz middle} (1}
3. If {concentration-H202 iz low} and (volume-HZ0Z2 iz high} then (precipitation-rate is high}j (1}

4, If (concentratien-H202 iz middle) and (volume-HZ02 is low ) then (precipitation-rate iz middle) (1)
5. If {concentratien-H202 iz middle} and (velume-H202 iz middle} then (precipitation-rate is highj (1}
&. If (concentration-H202 iz middle} and (velume-HZ02 is high} then (precipitation-rate is high} (1}
7. If (concentration-H202 iz high} and (volume-HZ202 iz low) then (precipitation-rate iz middle) (1)
8. If (concentration-H202 iz high} and (volume-HZ202 is middle} then (precipitation-rate is high} (1}
9. If (concentration-H202 iz high} and (volume-H202 iz high} then (precipitation-rate is high} (1}

Fig. 3. Fuzzy sets derived from the if-then rules

The use of fuzzy logic management to op-
timize the precipitation process is discussed in
this research. The fuzzy rules are created using
two input membership functions and an output
membership function when the rule base and

membership function are developed simultane-
ously. Fig.4 illustrates the input and output
membership functions that had been chosen for
the optimization of the process.
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Fig. 4 Simulation of input and output membership functions (a): input - volume of hydrogen
peroxide, ml (b), and concentration of hydrogen peroxide (c), %; output — the precipitation rate of
aluminum hydroxide (d).

Fig. 5. One of the possible results
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Fig. 6. Plot surface function

The application of fuzzy logic theory to
the precipitation process allows us to conclude
that it is possible to optimize the process and

achieve high vyields of aluminum hydroxide by
changing the parameters that affect the precipi-
tation in accordance with the purpose.
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ALUMINIUM HIDROKSIDIN ALUMINAT MOHLULLARINDAN COKDURULMOSI
PROSESININ QEYRI-SOLIS MONTIQ NOZORIYYOSI OSASINDA MODELLOSDIRILMOSI

G.I. Ahganl, A.A. Heydarov, A.N. Mammadov, S.X. Kalantarova

AMEA-min akad. M.Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu
AZ 1143, Baki, H.Cavid pr., 113, e-mail: alishanova9l@mail.ru

Xiilasa: Bu isdo xam xam alunitin galovida halledilmasindon alinan aliiminat mahlullarindan
altiminium hidroksidinin ekoloji tamiz reagent olan hidrogen peroksidlo ¢okdiiriilmasi marhalasina
qeyri-salis montiq yanasmasuun totbiqi dyronilmigdir. Kasib aluminat mohlullarindan H,0,
istirakiyla aliiminium hidroksidinin ¢6kmasina tasir edon amillara hidrogen peroksidin gatiligi vo
hacmi kimi parametrlar daxildir. Qeyri-salis mantiqin bu prosesa tatbiqi bu parametrlarin yalniz bir
qiymatinda deyil, ham da genis diapazonda bas vera bilacak miimkiin ehtimallar: hesablamaga,
aliiminium hidroksidin yiiksak ¢iximini almagq iiciin optimal saraitin tapilmasina imkan verir.
Tacriibalorin naticalorina asasan, asagi, orta va yiiksak saviyyalor iictin uygun qeyri-salis dastlor
tatbiq etmaklo 25°C-da 15.5 ml 17% hidrogen peroksiddan istifada edarak 92% ¢iximla aliiminium
hidroksidi ¢okdiirmak miimkiindiir va bu ragom parametrlori dayisdirmaklo artilib va ya azaldila
bilar. Qeyri-salis mantiq vasitasilo prosesa nazaratin simulyasiyasi Matlab programinda tizviiik
funksiyalarindan istifada etmaklo tortib edilir.

Acgar sozlar: aliiminium hidroksid, hidrogen peroksid, qeyri-salis mantiq, ¢okdiirma.
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MOJIEJIHPOBAHHE ITPOIIECCA OCAZK/IEHUA T'H/[POKCH/IA AJIIOMUHHA H3
ATIOMHHATHBIX PACTBOPOB HA OCHOBE TEOPHH HEYETKOH JIOTHKH

I'U. Anvumannwt, A.A. I'eitoapoe, A.H. Mameoos, C.X. Kananmapoesa

Hncmumym xamanusa u Heopeanuueckou xumuu um. axao. M.Hazuesa
Hayuonanvroti AH Asepbatiosxcana
AZ 1143 Baxy, np. I. [[ncasuoa, 113; e-mail: alishanova9l@mail.ru

Aunomauyun: B oannoii pabome u3zyueHo npumeHenue noOX00d HeYemKou J0SUKU K Cmaouu
ocadcoenuss 2UOPOKCUOd  AIOMUHUSL U3  PACMBOPO8 ANIOMUHAMA HAMPUs, HNOLYYEHHO20 U3
WeNoYHO20 pACmEopa Cblpo20 AIYHUMA, NePeKUCbI0 B8000p00d, AGIANUWUMCA IKOLOSUYECKU
yucmoim  peacenmom. K ¢paxmopam, enusiiowum Ha ocaxcoenue UOPOKCUOd AnOMUHUSL 6
npucymemeuu HyOp uz 6eOuvix anioMuHAmuwlX pacmeopos, OMHOCAMCA KOHYeHmpayus, oovem
nepexucu 8000pooa u opyeue napamempul. [IpumeneHue Hewemkou N02UKU K 3MOMY HPOYECCy
N0360J18em paccyumamy 8epoamHoOCmu mo2o, Ymo napamempsvl MO2ym 6CMpedamscs He MoJbKo 6
OOHOM 3HAYEHUU, HO U 6 WUPOKOM OUAna3oHe, HAUmu ONMUMALbHbIE YCA08US OJisi NOLYYEHUS.
8bICOKONPOOYKMUBHO20 2udpoxcuoa amomunus. Ilo pesyromamam dKCNEpUMEHMO8 MONCHO
0caoumsv 2uOPOKCUO amoMunus ¢ 8vixo0om 92 %, ucnoavsys 15.5 mn 17 %-noii nepexucu 6o0opooa
npu 25 °C ¢ ucnonv3osanuem Hewemkux Habopos, noOX00AuuUx 01 HU3K020, CPeOHe20 U 8blCOKO20
VPOBHElU, U 9MY YUGPY MOJNCHO YEeIUNUBAMb ULU YMEHbUIAMb NYymeM UMEHEeHUs. Napamempos.
Mooenuposanue ynpagneHusi MexXHOIOSUYECKUM HNPOYECCOM uYepe3 KOHMpOJiep C HeuyemKoll
JIOCUKOU KOMRULUPYEMCS ¢ UCNOIb308aHUeM QYHKYull npunadiexcrocmu 6 Matlab.

Knrouegwie cnosa: 2uopokcuo anoMuHus, nepekucs 8000p00d, Heuemxas 102UKd, 0CaxcoeHue.
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