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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% hydr o-
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 variables, and its application to various fields of science
has been growing rapidly in recent years. Fuzzy logic is not fixed or precise, but an approximate
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 mathemat-
ical equations (eg. differential equations). 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.

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
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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 mathematical approach to imitate human thought and logical
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 variables and mem-
bership functions. Linguistic variables are beings used to represent qualities that span a certain
spectrum. Membership functions are user-defined values for linguistic variables [14]. Thus, a per-
son'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 expert 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 systems
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 characters characterized by the corresponding membership func-
tions. 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 concen-
tration of a solution is high, the volume is low. Concentration and volume 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,O3; 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%; temperature = 25°C, VHZO2 Vsol = (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)

The membership functions were selected based on these predetermined conditions and testing
outcomes. Initially, the input parameters (concentration and volume of hydrogen peroxide) 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 condition, are shown in Tab. 1, and Fig.3 which depict the fuzzy sets created
with the Fuzzy Logic Toolbox's rule editor tool.

Tab. 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 - - +
- Concentration of hydrogen peroxide - - +
' Volume of hydrogen peroxide + - -

8. Concentration of hydrogen peroxide - - +




Volume of hydrogen peroxide - + -
Concentration of hydrogen peroxide - - +

d Volume of hydrogen peroxide - - +

Al

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

4. If {concentratien-H202 iz middle} and (volume-H202 is low ) then (precipitation-rate iz middle} (1)
5. If (concentration-H202 iz middle} and (velume-HZ202 iz middle} then (precipitation-rate iz high} (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)
2. If (concentration-H202 iz high} and (volume-H202 iz middle} then (precipitation-rate is high} (1}
9. If {concentratien-H202 iz high} and (velume-HZ02 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 optimize the precipitation process is discussed in this
research. The fuzzy rules are created using two input membership functions and an output member-
ship function when the rule base and membership function are developed simultaneously. Fig.4 il-
lustrates 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).

Based on the results of the experiments, it is possible to precipitate aluminum hydroxide
with a yield of 92% using 15.5 ml of 17% hydrogen peroxide at 25 °C using fuzzy sets suitable for
low, medium and high levels. Obtained figure can be increased or decreased by changing the
parameters (Fig.5). The plot surface of the output is shown in Fig.6. The performance of the
algorithm was analyzed using computer simulation (Matlab 2019).
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Fig. 5 One of the possible results 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 yields of aluminum hydroxide by changing the
parameters that affect the precipitation in accordance with the purpose.
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ALUMINIUM HIiDROKSIDIN ALUMINAT MOHLULLARINDAN COKDURULMOSI
PROSESININ QEYRI-SOLIS MONTIiQ NOZORiYYOSi OSASINDA
MODELLOSDIRILMOSI

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

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

Xiilasa: Bu igdo xam xam alunitin goalovido halledilmasindon alinan aliiminat mohlullarindan
aliminium hidroksidinin ekoloji tomiz reagent olan hidrogen peroksidlo ¢okdiiriilmasi moarhalasina
geyri-solis montiq yanagmasinin totbiqi Oyronilmigdir. Kasib aluminat mohlullarindan H,0,
istirakiyla aliiminium hidroksidinin ¢6kmasina tosir edon amilloro hidrogen peroksidin gatiligi vo
hacmi kimi parametrlor daxildir. Qeyri-solis mantiqin bu prosess totbiqi bu parametrlorin yalniz bir
qiymatindo deyil, hom do genis diapazonda bas vers bilocok miimkiin ehtimallari hesablamaga,
aliminium hidroksidin yliksok ¢iximini almaq ii¢lin optimal soraitin tapilmasina imkan verir.
Tacriibalorin naticoloring osason, asagi, orta vo yliksok soviyyolor {iclin uygun geyri-salis dostlor
totbiq etmoklo 25°C-ds 15.5 ml 17% hidrogen peroksiddon istifado edorok 92% ¢iximla aliiminium
hidroksidi ¢okdiirmok miimkiindiir vo bu roqom parametrlori doyisdirmoklo artilib vo ya azaldila
bilor. Qeyri-solis montiq vasitasilo proseso nozarotin simulyasiyas1 Matlab proqraminda tizvliik
funksiyalarindan istifado etmoklo tortib edilir.

Agar sozlar: aliiminium hidroksid, hidrogen peroksid, geyri-salis mantiq, ¢cokdiirma.
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MOJAEJIMPOBAHMUE IMPOIECCA OCAXKIAEHUA TNAPOKCUIA AJITIOMUHUSA U3
AJIJIOMHUHATHBIX PACTBOPOB HA OCHOBE TEOPUY HEYETKOM JIOT KA

I'.'. Aabimanasl, A.A. I'eiinapos, A.H. Mamenos, C.X. Kananraposa

Hucmumym kamanuza u neopeanuyeckou xumuu um. akao. M.Haeuesa
Hayuonanvnoii AH Asepbaiioscana
AZ 1143 Baxy, np.I" Jorcasuda, 113, e-mail: alishanova9l@mail.ru

AunHoTanusa: B naHHO# paboTe M3yuyeHO NPUMEHEHHUE MOJX0Jla HEYETKOM JIOTUKM K CTaJuu
OCaXJCHUA THUIPOKCHAA AIIOMUHHMS W3 PACTBOPOB aJIIOMHHATa HATpPHUs, [OJYYEHHOTO U3
HIEJIOYHOTO PAcTBOpPA CHIPOTO AIYHUTA, IEPEKUCHIO BOJAOPOJA, SBIISIIOIIUMCS 3KOJIOTHYECKHU
yuCTBIM peareHToM. K (dakTopam, BIHMSIOMIMM Ha OCAKICHHE THUIPOKCHIA ATIOMHHHUS B
npucyrcTBu HpO, W3 OeqHBIX AIFOMUHATHBIX PACTBOPOB, OTHOCSTCS KOHIIGHTpAIHs, O0beM
MEePEeKUCHU BOJIOPOJIa U Jpyrue mnapameTpsl. [IprMeHeHre HEeUeTKOH JIOTUKU K ATOMY MpOoleccy
MO3BOJISIET PACCYUTATh BEPOATHOCTH TOTO, YTO MapaMETPhl MOTYT BCTPEUYATHCSA HE TOJHKO B OJTHOM
3HAQUEHHM, HO W B ULIMPOKOM JIMAla30He, HAaWTH ONTHUMAaJbHbIE YCJIOBHS I TOJyYEHUs
BBICOKOIIPOIYKTUBHOT'O THAPOKCH 1A allfoMuHUsA. [lo pe3ynbraraMm SKCIIEpUMEHTOB MOKHO OCAIUTh
TUAPOKCH]I AJIFOMUHUS € BBIXOJAO0M 92 %, ncnons3ys 15.5 ma 17 %-Holt nepekucu Bogopoaa npu 25
°C C HUCMONb30BAHMEM HEYETKUX HAOOPOB, MOAXOISAIIMX JJIi HU3KOTO, CPEIHETO M BBICOKOTO
yYpOBHEH, U 3Ty IUGPY MOXKHO YBEIHUMBATH WIM YMEHbBIIATh MyTeM H3MEHEHHUS IMapaMeTpoB.
MopenupoBanue yOpaBJCHUS TEXHOJOTHUYECKUM TIPOILECCOM dYepe3 KOHTPOJJIEp C HEUETKOU
JIOTUKON KOMIMIIUPYETCSI C UCIOJIb30BaHWeM (DYHKIUH puHauiexKHOCTH B Matlab.

KuroueBble ci10Ba: THAPOKCU]T ATFOMUHHUS, IEPEKUCH BOJAOPO/1a, HEUETKAs JIOTHKA, OCAXKICHHE.
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