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Construction of the Regression Equation of the Electrochemical Chlorination
Process of Alkylation Products with Methanol, Ethanol, and Propanol of
Methyl and Dimethyl Homologues of Phenol

Abstract

The aim of the presented work is to investigate the common and different characteristics of the
regularities of obtaining aromatic compounds, including C-Cj; alkyl derivatives of phenols, anilines
and naphthols by an effective catalytic alkylation process, and to develop the chlorination of hydrogen
chloride in an electrochemical system.

Experiments in the laboratory were carried out in a five-factorial design. A mathematical model
of the electrolysis process of obtaining aromatic amines, phenols and naphthols by the process of
heterogeneous catalytic alkylation of low molecular weight alkyl (Ci-Cs) derivatives and comparative
halogenation of individual homologues in an electrochemical system has been established. The "black
box" principle was used here.

Taking into account what has been said, active experimental methods were used to create the
optimal mode of the electrolysis process of alkylphenols, alkyl aromatic amines, HCI. A regression
equation was formulated to build a mathematical model of the process.

To assess the homogeneity of parallel experiments, the average value of variances was found, and
Fisher’s criterion was used to check the adequacy of the obtained results.

Ua(Xl, Xz, X3, X4, Xs) min, UV(Xl, Xz, X3, X4, Xs) max and Ub(Xl, Xz, X3, X4, Xs) max was taken
for alkylamines, alkyl naphthols, alkylphenols and HCI as an optimization objective function.

A quick extraction method was used to optimize the process. For this, change steps were
calculated according to all three objective functions. X> was taken as base factor and step was

accepted as Ax;, =0.5 was taken. Then the steps corresponding to the other four factors were

calculated. According to the report, the optimal level of chlorination products of alkyl aromatic
compounds is 82.05% by current, 72.69% by substance, and 13.01% of HCI concentration.
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According to the obtained results, when X;=0.482 A/cm?, X,=4.5 A/l, X5=38.8 °C, X4 = 19.8 %, X
=6V, the output of the chlorination product of alkyl aromatic compounds according to the current is
82.05 %.
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Metanol, etanol va propanol ilo fenolun metil vo dimetil homoloqlarinin
alkillosma mohsullarinin elektrokimyovi xlorlasdirma prosesinin
reqressiya tanliyinin qurulmasi

Xiilasa

Togdim olunan isin moqsadi aromatik birlogsmolorin, o ciimlodon fenollarin, anilinlorin vo
naftollarin C1-C3 alkil toromolorinin effektiv katalitik alkillogsmo prosesi ilo alinmasimin imumi vo
forqli qanunauygunluqlarmi todqiq etmok vo hidrogen xloridin elektrokimyovi sistemdo
xlorlasdirilmasini inkisaf etdirmokdir.

Laboratoriya tocriibalori bes faktorlu dizayn asasinda aparilmigdir. Asagr molekullu alkil (C1—
C3) fenol toromolorinin vo onlarin homologlarinin heterogen katalitik alkillogsmosi vo ayri-ayri
homologlarin elektrokimyovi sistemdo miiqayisoli halogenlogsmosi prosesi ilo aromatik aminlarin,
fenollarin vo naftollarin elektroliz prosesinin riyazi modeli qurulmusdur. Burada “qara qutu” prinsipi
totbiq edilmisdir.

Qeyd olunanlar1 nozors alaraq, alkilfenollarin, alkilaromatik aminlorin vo HCl-in elektroliz
prosesinin optimal rejimini yaratmaq U¢iin aktiv eksperimental metodlardan istifado olunmusdur.
Prosesin riyazi modelini qurmaq iigiin reqressiya tonliyi tortib edilmisdir.

Parallel tocriibalorin homogenliyini qiymatlondirmok {igiin dispersiyalarin orta qiymati tapilmisg
vo alinmig naticolorin adekvatligini yoxlamagq iiciin Fiser kriteriyasindan istifado edilmisdir.

Alkilaminloar, alkilnaftollar, alkilfenollar vo HCI ii¢lin optimallagdirma moqsad funksiyas1 kimi
asagidakilar qobul edilmisdir:

Ua(X1, X2, X3, X4, X5) min, Uv(X1, X2, X3, X4, X5) max vo Ub(X1, X2, X3, X4, X5) max.
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Prosesin optimallagdirilmasi tigiin siiratli ¢ixarig metodu totbiq edilmisdir. Bunun ii¢iin biitiin {i¢
moqsad funksiyasi lizro doyigsma addimlar1 hesablanmigdir. X2 baza faktor kimi gotiiriilmiis vo addim
0 = 0.5 gobul edilmisdir. Daha sonra digor dord faktor tigiin uygun addimlar hesablanmisdir.

Hesabat {izra alkil aromatik birlosmolorin xlorlagsdirma mohsullarinin optimal soviyyasi coroyan
tizro 82.05%, madda iizro 72.69% vo HCI konsentrasiyasi tizra 13.01% toskil etmisdir.

Alinan noaticolora gors, X1 = 0.482 A/sm?, X2 =4.5 A/l, X3 = 38.8°C, X4 =19.8%,X5=6V
olduqda, alkil aromatik birlogmoalorin xlorlagsdirma mohsulunun ¢iximi corayan iizra 82.05% toskil
edir.

Acar sozlor: hidrogen xlorid, elektrokimyavi xlorlasdirma, fenollar, alkilfenol, katalitik
alkillasma, alkilanilin, alkilaromatik birlasmalar

Introduction

Among the researches in the field of petrochemicals, one of the interesting things is the production
of aromatic amines and phenols by the process of heterogeneous catalytic alkylation of low molecular
weight alkyl (C1-Cs3) derivatives and their comparative halogenation of individual homologues in an
electrochemical system. There are no joint studies in the presented field in the literature. However,
there is a large literature on the alkylation of phenols as well as anilines separately. It should also be
noted that there are significant differences in the composition and structure of the catalytic systems
used in the alkylation of phenols with C;-Cs alcohols and the catalysts used in the interaction of
aromatic amines with alcohols (Agaev, 2022, pp. 11-13). In this regard, the development of catalytic
systems with optimal and universal acid-basic properties in the interaction of acidic phenols and basic
anilines with C;-Cs alcohols is not easy and requires a special approach (Muradov, 2020, pp. 25-27).
A similar issue is considered important in the electrochemical chlorination of alkyl phenols and
alkylanilines in the presence of HCI solution.

The aim of the presented work is to investigate the common and different characteristics of the
regularities of obtaining aromatic compounds, including C;-Cs alkyl derivatives of phenols and
anilines by the effective catalytic alkylation process, and the development of chlorination with
hydrogen chloride in an electrochemical system.

Methodology

Experiments in laboratory conditions were performed in a five-factor model. First, we need to
build a mathematical model of the electrolysis process of obtaining low molecular mass alkyl (C-Cs)
derivatives of aromatic amines and phenols by heterogeneous catalytic alkylation and comparative
halogenation of individual homologs in an electrochemical system. The "black box" principle was
used here. The mathematical model (mathematical description) of the process is sought in the
following form:

U=fXi,X2,...Xs), i=12.,n (1)

In the model (1), active and passive experimental methods are used to determine the values of the
coefficients of the variables. It is known that getting a more accurate mathematical model with active
experimental methods is possible. One of these methods is the multifactorial experiment method
(Sautin, 1975, p. 115; Muradov, 2004, pp. 69-73).

Taking into account the above, active experimental methods were used to create the optimal mode
of the electrolysis process of HCI for the halogenation of alkyl phenols and alkyl aromatic amines.
To build a mathematical model of the process (1), the regression equation is sought in the following
form.

U = vo+vix;+ voxo+ vaxst vaxst vsxs+ vioxxo+ vizxxst vigxixsT visxxs+ vasxoxs+
TV 47t V2sx X5t V300347 V35X3X5 + VasXaxs + Vi2sxixXox3 + Vizaxixoxe t vizsxixaxs +
TVI30X1X3X4 T VI35X1X3X5 T VigsXiXqX5 T V23402X3X4 T V235X2X3X5 +
TV245X2X4X 57+ V345X3X4X5 2)
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Here, according to the variables xi, X2, X3, X4, X5, the anode current density X, the amount of
current supplied to the process X», the temperature of the electrolyte X3, the density of the background
electrolyte X4, and the process voltage Xs are determined by the following formulas:

Xlle x; X2:x2 x; X3:x3—x' X4:x4 x; X5:x5 X 3)
1 AXZ Ax3 AX4 AXS
The main characteristics of the five-factor experiment are given in table 1.
Table 1.
The main characteristics of the experiment.
Characteristics | Xi, Xa,  |X3,9C | X4, % | Xs, V |Concentration Output Output
A/em? | Alhrs. of Chlorine, | Regarding | Regarding
% Electrical | Substances
Current
1. Main Level | 0.35 3.5 50 | 12.5 6 15 70 73
2. Interval of 0.25 2.5 30 7.5 2 5 5 5
change
3. Upper level 0.6 6 80 20 8 20 85 90
4. Lower level | 0.1 1 20 5 4 10 62 65

The variation of coded variables - factors, the results of parallel experiments conducted
accordingly, and dispersions are given in table 2.

Table 2.

Results of the Experiment.

X, Alkyl Phenol Output Regarding Electrical Current

Ne | X, |X,|x; X5 Ui, % [Uamig, | Ce, mid| S5 Uiz, % [Uior, % Moutput 3, Uz1, % Uz, %| Cucl, % 52

% , mid 8
1 {2 4(5]16| 7 8 9 10 11 12 13 14 15 16 17 18
1 - [-1-[-1-1779[80.0 | 78.95 | 2.205 | 80.63 | 82.21 |81.42)1.2482| 19.02 [19.76]| 19.39 [0.2738
2 | + |- - | -168.44169.06| 68.75 10.1922 | 709 [ 71.7 (713 | 0.32 [ 17.14 |18.52| 17.83 |0.9522
3] - [+[-]-]-1619 6366275 | 1445 | 65.84 | 66.48 [66.16[0.2048 | 14.83 |16.09| 15.46 |0.7938
4 | + | +]-]-[-]641]63.8] 63.95 | 0.045 | 68.12 | 66.72 [67.42| 098 [ 11.18 | 9.9 | 10.54 |0.8192
5 1 - [-|+][-1-[77.26]75.64| 76.45 |1.3122 | 80.8 | 81.96 |81.38)0.6728 | 10.99 [9.43 | 10.21 [1.2168
6 | + [-[+]-]-1637[63.1] 634 | 0.18 | 67.14 | 68.06 | 67.6 |0.4232 | 18.65 |17.11| 17.88 [1.1858
7 1 - [+[+]-]1-1764 1769 [ 76.65 | 0.125 | 80.96 | 79.48 [80.22[1.0952 | 14.86 |16.22| 15.54 10.9248
8 | + |+ |+]|-[-[835]86.1 [ 84.8 | 3.38 | 90.5 [ 89.38 [89.94]0.6272 | 10.91 |12.49| 11.7 [1.2482
9 | - [-[-1t]-16921]|71.09] 70.15 |1.7672 | 74.1 | 72.58 [73.34[1.1552| 10.5 |9.88 | 10.19 |0.1922
10| + |- |-|+[-[657]66.5] 66.1 | 0.32 | 70.34 [ 69.1 [69.72]0.7688 | 18.22 |17.28] 17.75 [0.4418
11| - |+|-]+][-[64.53]64.97| 64.75 [0.0968 | 68.17 | 66.71 [67.44]1.0658 | 13.82 | 12.7 | 13.26 [0.6272
12| + |+|-|+[-[719 723 72.1 | 0.08 | 759 [ 76.84 [76.37]0.4418 | 10.9 |9.98 | 10.44 [0.4232
13 - |-|+|+[-[748 738 74.3 0.5 | 76.81 | 78.33 |77.57]|1.1552| 10.56 [9.64 | 10.1 ]0.4232
14| + |- |+]|+[-[64.12]63.18] 63.65 [0.4418 | 65.09 | 66.37 [65.73]10.8192 | 17.8 |16.08]| 16.94 [1.4792
15 - |+ |+ ]|+[-[63.58]61.82] 62.7 [1.5488 | 66.82 | 65.56 [66.19]0.7938 | 13.87 |15.25| 14.56 [0.9522
16 | + |+ |+ |+ [-[723]70.6 [ 71.45 | 1.445 | 75.53 | 73.95 [74.74]11.2482 | 12.94 |11.54| 12.24 | 0.98
17 | - [-]-[-[+[83.6 [83.34| 83.47 [0.0338 | 87.81 | 87.27 |87.54|0.1458 | 19.2 [20.68| 19.94 |1.0952
18 | + |-|-]-[+][6856]69.32] 68.94 [0.2888 | 71.98 | 73.34 [72.66]0.9248 | 17.56 |18.68| 18.12 [0.6272
19 | - |+]-]-|+]684 ]69.84| 69.12 [1.0368 | 72.93 | 74.71 |73.82|1.5842 | 15.7 [16.98] 16.34 |0.8192
20 | + |+ |- |- [+][66.24]|65.64] 65.94 | 0.18 | 68.84 [ 69.58 [69.21]0.2738 | 10.51 |11.73| 11.12 [0.7442
21 | - |- |+ |- [+][77.95]|76.33[ 77.14 [1.3122 | 79.88 | 80.78 [80.33] 0.405 | 10.23 |11.63| 10.93 | 0.98
22 | + |- |+ |- [+][73.12|74.6 | 73.86 |1.0952 | 76.55 | 75.75 |76.15] 0.32 19.2 |18.64| 18.92 |0.1568

261




ELMI IS Beynalxalq Elmi Jurnal. 2026 / Cild: 20 Say:: 3 / 258-268 ISSN: 2663-4619
SCIENTIFIC WORK International Scientific Journal. 2026 / Volume: 20 Issue: 3 / 258-268 e-ISSN: 2708-986X

23 | - |+ [+ [-[F][66.7 |67.86] 67.28 [0.6728 | 72.49 | 70.27 |71.3812.4642 | 17.22 [15.24| 16.23 [1.9602
24 | + |+ [+ |- [+ [68.81]69.93] 69.37 [0.6272 | 72.93 | 72.21 |72.57]0.2592 | 13.1 [11.42| 12.26 [1.4112
25 | - |- |- [+ |+ [66.18]64.98] 65.58 | 0.72 | 69.12 | 67.96 | 6.54 |0.6728 [ 10.16 [10.92| 10.54 |0.2888
26 | + |- [- [+ [+ [62.7 162.18] 62.44 [0.1352 | 66.41 | 65.05 [65.73]10.9248 | 17.87 [18.69| 18.28 [0.3362
27 | - |+ |- [+ [+]69.45]68.63| 69.04 [0.3362 | 72.82 | 71.78 | 72.3 |0.5408 [ 13.85 [14.89| 14.37 |0.5408
28 | + |+ [- [+ [+ [6592]67.36] 66.64 [1.0368 | 70.16 | 71.08 |70.6210.4232 | 10.89 [11.81| 11.35 [0.4232
29 [ - |- [+ [+ [+ [68.24]169.48| 68.86 [0.7688 | 71.1 | 72.66 |71.88|1.2168 | 10.2 [11.78| 10.99 [1.2482
30 | + |- |+ |+ |+[79.62]78.14| 78.88 [1.0952 | 82.03 | 83.85 [82.94]1.6562 | 17.82 |17.32]| 17.57 | 0.125
31 | - [+ |+ |+ |+[7523]76.73[ 7598 [ 1.125 | 80.25 | 79.07 [79.66]0.6962 | 12.67 |14.09| 13.38 |1.0082
32 | + [+ |+ |+ |+ [83.66]85.42| 84.54 [1.5488 | 90.59 | 88.85 [89.77]1.5138 | 19.34 |20.64| 19.99 | 0.845

The accuracy of the experiment is checked regarding Cochran’s criterion:
max S jz

=5 “)
2S;
j=1

p

For Alkyl Phenol:

2.05

== —0.0813 5
Pl 27,0968 ®)

For HCI:
_2.4642

P2 27.041
~1.9602
705,543
N=32
f=K-1=2-1=1 (8)

=0.0911 (6)

=0.07674 (7)

Gcgd = 0.389
G, =0.0813<G.,, =0.389

G,, =0.0911<G,,, = 0.389 ©9)
G,, =0.07674 < C,,, = 0.389

G,,, 1s equal to 0.389 (Kurzin, 2022, p. 78; Zakgeim, 2014, p. 304; Isgandarov, 2007, p. 226;
Ostrovsky, 2008, p. 424; Kurzin, 2022, p. 78) according to the number of experiments (N = 32) and
degree of freedom (f=k-1=2-1=1). In both cases, Gp < G,,, 1s being met; therefore, the experiment

can be considered satisfactory.
To assess the homogeneity of parallel experiments, the average value of dispersions is calculated:

1 1

2 2

s, :NZIS-" =35 27:0968 = 0.8468 (10)
J=
S?

e :%:5-27.041:0.8450 (11)
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1 & 1
§2 =382 = .25.543 =0.7982 12
e NZ o (12)

The dispersion of average values of the parallel experiments is calculated as follows:

f=N-(k-1)=32-(2-1)=32 (13)
S2
g2 = 2w 08468 ) 1hay (14)
ya k
S2
sz, :f:&;‘szo.@zs (15)
S2 0.
2 =2 07982 599 (16)
ook 2

The error in determining the regression coefficients is calculated by the following formula:

S?

5,2y = /0";2234 ~0.113 (18)
S?

S, :,/ﬁ :,/0'12225 =0.1149 (19)
S?

S, = ‘/Wy = 1/0'3;391 =0.1120 (20)

The value of Student’s criterion is t = 2.09 (Radchenko, 2014, pp. 232-234; Salman, 2017, pp. 1-
19; Ostrovsky, 2012, p. 432; Ostrovsky, 2005, p. 394; Radchenko, 2011, p. 376), where the
confidence coefficient is R = 0.95 and the degree of freedom is /=Nl (k-1) = 32[1(2-1) = 32. Then:

S,-t=0.115-2.09=0.2404
S,-t=0.01147-2.09 = 0.2401 (21)
S, -t=0.1120-2.09 = 0.2341

Since the yield of chlorination products of alkyl aromatic compounds according to the current, as
well as the HCI residue are influenced by the same factors in the experiment, the mathematical
expression of both can be sought in the form of the polynomial shown in (2). The regression
coefficients included in the polynomial are calculated as follows (Agaev, 2022, pp. 11-13;
Belozerova, 2015, pp. 23-29; Belozerova, 2014, pp. 6-23; Malysheva, 2021, pp. 68-76; Aung, 2020,

pp. 62-71).
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1 N
60=—ZY1.
j=1
1 N
6; :N;xjiyi

1 &
Eim :_ijixjmyi; (i #m)
N Jj=1
IS : (22)
6imk = ﬁz]xﬁx_/mxjkyi 5 (l m+ k)
i

1 & .
=—Zxﬁxjmxjkxjcyi; i#xm#k+c)
=1

1 & '
Gt = D XXXy X X,V (izmzk#c#e)

61' mkce

J=1

According to the comparison given in Appendix 1, the mathematical model depending on the

value of the variables is obtained as follows:

Ui=70.84-23.98x-5.914x,+0.207x3+1.03x4+4.248x5+11.873x1x2- 0.437x;x3+ +0.403x1x4-
2.191x1x5+0.082x2x3-0.029x 2x4+0.089x2x5-0.01 7x3%x4-0.063x 3 5-
-0.405x x5+ 0.016x1x2x3-0.127x 1x2x4-0. 1 84x 1%2%5+0.091 x 1% 3% 5+0. 1 38% 1% 4 5-0.00 3% 2 30 4-
0.007x2x3x510.047x2x4x510.005x 3% 4% 5

U;=68.839-20.62x;-5.936x,+0.333x3+1.384x4+5.022x5+12.347x1x2-0.487x 1x3+ +0.093x 1x4-
2.771x1x5+0.074x2x3-0.041x2x4+0.142xx5-0.022x3%x4-0.08 2% 3 5-
-0.465x4x5+0.021x1x2x3-0.114x 1x2x4-1.304x 1x2x5+0.095x 1x3x5+0.202x 1 4% 5-
-0.002x2x3x4-0.0006x 2x3x51+0.048x2x 40 4+0.005x 3% 4% 5
(23)

U3;=18.245+8.485x;+0.059x2-0.122x3-0.543x4+1.005x5-4.27 2x 1x2+0.094x 1x3+ +0.465x 1x4-
2.142x1x5+0.013x2x3+0.035x2x4-0.073x2x5+0.005x3x4-0.00 7x 3 5-
-0.026xx5+t0.208x 1x2x5-0.007x 1x3x4+0.02% 1x3x5+0.074% 14X 5

In the regression equation, the calculated values using the coded values of the variables, the values

obtained from the experiment, and their mean squared differences are used.
In order to test the preciseness of the obtained values, Fisher’s criterion is used (Malysheva, 2019,

pp. 148-153; Shishkova, 2017, pp. 28-30).
The adequacy dispersion value is calculated for both expressions as follows:

N X °
S =——"—SWV"-y3 (24)
? N—szzl( J f)

where f'= N - B is the degree of freedom. The adequacy dispersion values:
B.=24; By=22, B.=16

Juwoa=N—-B=32-24=8 f, =32-22=10; f, =32-16=16 (25)
S2 =28906; S’ =22505 S =5.727

aoa
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Here, B.=24, B, =22, and B. = 16 are the total number of regression coefficients in the first,
second, and third expressions, respectively.

Fisher’s criterion values and degrees of freedom are obtained as follows:

Saat = 3.8329; S% =0.8468
Saa2 = 3.295; S =0.8450
Saas = 2.234; §2 =0.7982

2

Cmax(S2,.5%) 3.8329
min($2,,52% )  0.8468
f,=N-B,=32-25=7 27)
max(82,.82) 3295
" min(S2,,52)  0.8450
f=N-B,=32-22=10 (29)
. maX(Sfdc,Sjc): 2.234
pc : 2 2
min($2,,5% ) 0.7982
ye

f =N-B =32-16=16

pa

=3.899 (28)

=2.798 (30)

As can be seen, the adequacy of both statements is proved from the comparison of the table and
calculated values.

To get the natural mathematical model, expressions (3) between coded and natural values are
used:

X, =54x,-14; X,=0,4x,—-14;
X, =0,033x, -1,667; X, =0.133x, —1,667; (31)
X;=0.5x,-3

Following expressions are obtained from the application of the results in the system (23):

U;i=70.87-0.574x1-0.433x>+2.21x3-1.052x4+0.82x5+2.48x 12+ 1.24x1x3+ 1.48x x4+
+1.45xx3+1.51x2x4-0.27x2x5+0.515x3x4+0.59x3x5+0.854x 0c5+0.3x 1 2x3-0.6X 1x 2% 4 -
1.48xxox5+1.38x1x3x5+ +0.52x 1x0%5-1.4x2%3x4-0.94x2x3x 5+ 1. 7 5x2x 45+ 2. 26X3X 4 5

U>=74.43-0.52x;+2.33x3-1.14x4+0.89x5+2.6 Ixx2+1.2xx3+1. 7x x4+ 1.49x 03+
+1.55x2x410.45x3x4+0.44x3x 5 x 005 +0.4 1x 1x2%3-0. 54% 1x 0% 4-1.63x 1x 25+ 1 . 44x 13 305+ +0. 76X 1% 4 5-
1.32x2x3%4-0.83x0x3x5+1. 772465+ 2.67X3X4X5

Us;=14.51+0.67x1-0.84x2-0.64x4+0.51x5-1.89x 1x>+0.93x 1x3+1.03x1x4+0.26x x5+
+0.99xx3+0.66x2x4+0.7 7x3x4+0.26x 1x2%5-0.4 1 x 1x3%47+0. 3x 1x3%5+0.28% 1% 4% 5

Conclusion

In the optimization, we take Ua(X1,X2,X3,X4,X5) —==min, Uy(X1,X2,X3,X4,X5) —max and U,
(X1,X2,X3,X4,X5) — max as the objective function for alkyl phenol and HCI, respectively (Gupta,
2020, pp. 129-139; Meshalkin, 2019, pp. 709-718; Liyi Zh., 2017, pp. 366-375; Yazovtseva, 2024,
pp. 211-223).
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A quick extraction method is used to optimize the process. To do this, the change steps are
calculated according to all three objective functions. X, is taken as the base factor and the step is

considered as AX, =0.5. Then the steps corresponding to the other four factors are calculated:

. TR - TS (32)
6,AX, —0,4331-2.5
Steps:
AX,, =05
Va AMu _ 95 g4618

T hAX, —04331-2.5

AX. =7, -6 - Ax, = —0.4621-(=0.574) - 0.25 = 0.066;
AX, =y, b, - AX, = —0.462-2.207 - 30 = -30.6;
AX, =—0.462 - (~1.052) 7.5 = 3.65

AX; =-0.462-0.818-2 =-0.755

(33)

Table 3 depicts the results of the report with calculated steps starting from the zero level for the
factors. According to the report, the optimal level of chlorination products of alkyl aromatic
compounds regarding electrical current was 82.05%, regarding substance was 72.69 %, and regarding
the concentration of HCI was 13.01%.

Results

According to the obtained results, when X;= 0.482 A/cm?, X,=4.5 A/l, X5=38.8 °C, X4 = 19.8 %,
X5 =6V, the yield of the chlorination product of alkyl aromatic compounds according to the current
is 82.05 %. At this time, the concentration of HCI in the solution decreases from 20% to 13.01%.

Table 3.
Results of the experiment regarding quick extraction.
Ne and characteristics X X2 X3 X4 Xs Y Y2 Y3
of the experiment
a; 0.462 | 0.4331 | 2.207 | 1.052 | 0.818
a;,AX 0.1155 | 1.083 | 66.21 7.89 1.636

Step of Change 0.066 0.5 30.6 3.65 0.755
Value of rounding 0.066 0.5 30.6 3.65 0.755

Zero level 0.35 3.5 50 12.5 6
Interval of Change 0.25 2.5 30 7.5 2
Experiments
1 0.416 4 19.4 16.15 | 5245 | 76.35 | 71.213 | 12.993
2 0.482 4.5 38.8 19.8 6 82.5 72.69 | 13.01
3 0.548 5 58.2 2345 | 6.755 | 91.69 | 77.01 14.2
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