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MATHEMATICAL MODELING OF THE SYNTHESIS OF ALIPHATIC
ALCOHOLS ON THE BASIS OF THE REACTION OF TELOMERIZATION
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*G. Abdurazzokova

National University of Uzbekistan, *Tashkent chemical-technological institute,
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Abstract: In article results by investigation of telomerization of ethyl alcohol
by etylene on the base high-based system and acetone. It was determined that in
process of synthesis iso-butyl and iso-hexyl alcohols by telomerization of ethylene by
has been investigated ethyl alcohol. Optimal parameters of investigated process were
determined: influence of duration of reaction temperature and rate of feeding
acetylene, nature of using catalysts and solvents on yield of forming products. Obtain
results were treated wish using mathematical models and methods. Analysis of
obtained experimental results of investigated chemical process has shown
corresponding to theoretical data. Diagrams of results of activation energy and
dynamics of changing of kinetic parameters have been elaborated and also graphs of
analytical functions are also presented.

Keywords: ethylene, ethanol, hydrogen peroxide, benzoyl peroxide, synthesis
at high pressure, optimal conditions, solvent, surfactants, telomerization, catalytic
reactions. iso-butanol, iso-hexanol, acetone, monomer, telogen, surfactants.

1. Introdition. In the Republic methanol and ethanol are produced from
aliphatic alcohols on an industrial scale. Other alcohols, including butyl, hexyl and
iso-alcohols are used through imports. Establishing the synthesis of such alcohols on
the base ethyl alcohol by the telomerization reaction is an urgent task [1-3].

In this work, synthesis of iso-butyl and iso-hexyl alcohols by telomerization of
ethylene by has been invertigated ethyl alcohol [4-7]. Mathematical modeling of
synthesis of these alcohols has been carried out and mathematical treatment of the
results of experiments by the least squares method has been carried out [8]. As a
result of the research, it was proved that the experimental results obtained in the
laboratory coincide with those calculated using computer programs [9].

In general, the relationship between the results of the experiment in the
formulation of the problem is presented in table 1.

Table 1

X X1 X2 X3 Xn-1 Xn

y Y1 Y2 Y3 Yn-1 Yn
X - temperature, y - product yield

2.Materials and methods. In this case it is necessary to create an analytical

dependence that most clearly illuminates the results of the experiment [10]. The this

squares method f(x, a;, a,, ..., &) is used to create such parameters. At this the

function f(x, a;, ay, ..., ax) should be specified so that the squares of the results y, f(x,
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ai, a, ..., &) have shifts of unity Y;=f(x, a;, a,, ..., &) must be smaller than
dimensions displacement [11-12] (Fig. 1).

S(ali dz, ...,Clk) = Zl 1[yl - Y] ? 1[ f(x a, az, .. 'ak)]z - min (1)
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Fig 1. Analytical dependence of product yield on temperature

[e] x1 x2 x3 xi xn

3.The results obtained and their discussion. Mathematical modelation and
mathematical treatment of the results obtained by synthesis in the laboratory, consists
of two stages:

1. Determination the external state of the selected dependence based on the
results of the experiment.

2. The dependence coefficient in the function Y=f(x, a;, ay, ..., &) is selected
and this dependence is calculated by a; in the first function.

The sufficient condition for the minimum of the function S(a;, a,, ..., a) (1) is
explained by the fact that all it’s derivatives are equal to zero. Thus finding the

minimum function is determined by solving of this algebraic equation:
as

0. =0
as

{9, 0 )
o5 _

kaak

If the parameters a; are linear with dependence in the function Y=f(x, ai, a,, ...,
ay), then the following system (3) is obtained from k linear equations with k
unknowns.

(S 2[yi - f(x, 4y, 0z, ., @) | 2L =
6
38 2ly; — f(x, a1, 0z, ., )] 22 o 3)

aaz

af
LZ?=1 z[yl - f(x; ap, dz, .. ak)] =0
In the general case the system of equations for calculating the parameters ai is

numerous and takes the form Y = Y% . a;x=* to the degree k-1 and system (4) takes
the following form (5):
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( n n n n
a1n+a22xi+a32xi2+---+ak2x{‘_1= Vi
i=1 i=1 i=1 i=1
n n n n n
{ a; ) x;+a, xi2+a32xf’+---+ak2x{‘=2xiyi (4)
n n n n n
a, Z xk +a, Z x4 ay Z X2 4+t ay Z x2k=2 = Z xky;
\ =1 i=1 i=1 i=1 i=1
and is written in matrix form:
Ca=g ()
By this formula the elements of the matrix C and the vector g are calculated.
Ci=Xrx 72 i=1.,k+1j=1.k+1, (6)
gi =Xh1 X Li=1.,k+ 1. (7)

On the base of system (4), with using these parameters of the dependence
Y=a,+ax+a°+...+a,..x* mathematical modeling of the synthesis of iso-butyl and
iso-hexyl alcohols based on ethylene and ethanol at high pressure and also
mathematical treatment of the obtained results were carried out.

The results of the synthesis of iso-butyl alcohol in terms of it’s yield were
subjected to mathematical treatment (Table 2).

Table 2
Yield of iso-butyl alcohol at various temperatures
t[1] =40 y[1] =22,8
t[2] =50 y[2] = 34,5
t[3] = 60 y[3] =53,5
t[4] =70 y[4] = 45,4

In an experiment on the synthesis of iso-butyl alcohol with at a reaction
duration 3-6 hours, it was found that the product yield is higher at 6 hours. Therefore,
the mathematical calculations of the process were carried out precisely at a duration
of 6 hours (Table 3).

Table 3
The results obtained for mathematical treatment
Temperature, | Reactiontime, | Product yield, Average
0 reaction rate,
C h. %

%/h
40 3 22.8 7,33
50 4 345 8,5
60 5 53,5 10,6
70 6 45,4 7.5
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Mathematical model for treatment the yield of iso-butyl alcohol based on

ethylene and ethanol in the laboratory can be presented as:

Model 1
t; 40 50 60 70
U; 22.8 345 53,5 45 4

where: t; — temperature, u; — yield of isobutyl alcohol.
Using the experimental values and the function, the following system of linear

equations is presented:
4 4

S(ali az, ..., ak) = z[ul - Ui]z = Z[ul - f(tilallaZI as, a4)]2 — min
=1

i=1 1=
f(ti, a1, @z, as, A1) = ay, Azt + agt?® + aut®
Then the system of linear equations (A, B, C) is calculated by the matrix method.

184026000000 2873200000 45780000 748000
2873200000 45780000 748000 12600

A= 45780000 7480000 12600 220
748000 12600 220 4
3.28999000 * 107 a,
— 537790.0 _ | @2
b= 9025.0 ¢= as
156.2 Ay
A-C=B

And so, to determine the values (a,a,,a3,a4) of the matrix C, Al is calculated,
that is the reciprocal of A:

/ 1 9 5447 2703 \
1800000 40000 180000 2000
9 1823 —981 54781
A1 = 40000 20000 80 100
5447 981 594053 1474773
180000 80 360 20
\ —2703 5478 1474773 3296021/
2000 100 20

C=A" B has allowed to find the value of matrix C based on the formula and

this matrix looks like this:
—0,0023668

C= 9270
—119,71
_ 5173
and at this a;=-0,0023668, a,=9270, a;=-119,71, a,=5173.
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Taking into account these values, based on the results obtained experimentally,
the dependence of the formation of iso-butyl alcohol on the temperature and reaction
rate was mathematically expressed by the following function:

fi=a, »40° + a, «40° + 40 « a3+ a,; f; = 22,798240
f,=a+50%+b.50%°+50«c+d; f,=34,497500
fy=a«60°+b.60°+60«c+d; f;=53,496560
f,=a«70°+b.70°+70 «c +d; f, =45,395380

Based on the obtained results, a scheme for the formation of iso-butyl alcohol
was elaborated using the Maple 2018 program. The function f=a*t3+b*t2+c*t+d at
t=40...70, f=20...58 in the formation of iso-butyl alcohol can be presented as follows

(Fig. 2):

507

50
40 407

.

357

30
307

50 60 70 40 50 60 70

a) b)
Fig. 2. Graphs of the temperature dependence of the yield of iso-butyl alcohol: a)
- according to experimental data, b) - based on mathematical modeling

It was determined that the results obtained on the basis of the experiment are
coincided with the accuracy of 98% with the results obtained by mathematical
treatment by the product yield.

u,—f, =228-22=0,8;, 96%

u,—f,=345-34=0,5; 98%

uz—f; =53,5-53=0,5; 99%

us—f, =454-45=0,4; 99%
The results obtained experimentally for the reaction rate were also presented by
mathematical treatment. At the same time, based on the results of table 3 received
was obtained model 2:

Model 2
t; 40 50 60 70
\ 7.6 8,62 10,7 7,56

Uj 22,8 34,5 53,8 45,4

where: t; - temperature, v; - reaction rate, u; - yield of iso-butyl alcohol.
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Based on these results, the following function is calculated:
4 4

Say, az, .., ax) = Z[ui - U] = E[Ui — f(ti, 9, a1, az, a3, ay)]* > min
i=1 i=1
f(ti, Vi, a1, 8, a3, Q) = asti, +aqt+ asty; + ayt;’
Using the given values and the function, the following system of linear
equations Is obtained, which is simplified to the following form:

4

aZt2+aZZt +agz t29; +a42t192 z it
= = i=1 i=1
4 4- 4
a, ti3+a22t +a3z t39; +a4z 29, = Euitiz
) i=1 i=1 i= i=1
4 4 4
a, z tizﬁi + a, Z t?ﬁi + as z ti219i2 + a42 tiﬁis = 2 uitiﬁi
i=1 i=1 i=1 i=1
4 4 4- 4 n
2 29 2 2
aq Z tiﬁi + a, Z ti 191' + a; z t 19 + Ar+1 Z Z ui19i
V= i=1 i=1 =1 i=1

Based on linear systems, the process matrix K and U are calculated, which are
reduced to the following value:

12600 748000 109274.00 16895.7720
w— | 748000 45780000 6.46818000 * 106  970393.6400
109274.00  6.46818000 * 106 970393.6400  153332.5015
16895.7720  970393.6400 153332.5015  25231.85555
ay 9025.0
L)y 5377900
as 80173.380
ay 12600.41824

To find the (ay, ay, as, a4) of matrix L, the formula L=K-1*U was used and the
following results were obtained:
a; = -142979756350144
a,=0,284994001094674e-2
a;=0,0750329624543156
a,=0,0364723829334253
On the base of the obtained experimental values, carried out in the laboratory
using this function f(t;, v, a;, a,, as, a4), it was shown that they were performed with
an accuracy of 97%.
fi=a;«40 +a, »40° + 40 . 7,33 »a3+ 7 33 «ay, f1 =22,80000098
f,=a; +50 + a, *502 +50 8,5 «a;+ 8,13 *a4, f, = 34,49999896
fy=a; «60 + a, »60% + 60 « 10,6 a3+ 10,62 «a,; f; = 53,50000040
fy=ay~70+a,~70°+ 70+ 7,5 «ag+ 7,5° «ay; f,=45,40000014
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Based on the calculated and experimental results, iconograms of the
temperature dependence of the yield of isobutyl alcohol were constructed (Fig. 3).

a) b)

Fig. 3. Iconograms of the temperature dependence of the synthesis of iso-butyl
alcohol: a) - by experimental data, b) - obtained by mathematical modelation

Mathematical modelation of the process of iso-hexyl alcohol synthesis

It was found that at the telomerization of ethylene with ethyl alcohol along
with iso-butyl alcohol, was formed iso-hexyl alcohol and the influence of various
factors on the yield of the product was studied. At modelation this process, the results
obtained at 40-90 °C were mainly used.

Taking into account that during telomerization of ethylene with ethyl alcohol,
the duration of the reaction is 6 hours. Mathematical calculations of the process were
carried on the base of the following data (Table 4).

Table 4
The results obtained for mathematical treatment
Ne | Pressure, atm. | Reaction time, h. | Temperature, °C Yield, %
1 40 54,0
3 60 64,8
55 6
5 80 72,1
6 90 71,8

For mathematical treatment of the results by the yield of iso-hexyl alcohol
synthesized by the method of telomerization of ethylene with ethyl alcohol, the
following 3rd model was elaborated:

Model 3
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t; 40 60 80 90
Uj 54,0 64,8 72,1 71,8
where: t; - temperature, u; - yield of iso-hexyl alcohol.
At calculating the set values and functions using a computer program, the
following system of linear equations is formed:
A=Matrix([[sum((t[i])®, i=1..4), sum((t[i])’, i=1..4), sum((t[i])*, i=1..4), sum((t[i])°,
i=1..4)], [sum((t[i])>, i=1..4), sum((t[i])*, i=1..4), sum((t[i])}, i=1..4), sum((t[i])%,
i=1..4)], [sum((t[i)?, i=1..4), sum((t[i])}, i=1..4), sum((t[i])?, i=1..4), sum((t[i])",
i=1..4)], [sum((t[i])*, i=1..4), sum((t[i])?, i=1..4), sum((t[i])", i=1..H)]]);
To simplify the system of linear equations and obtaining the corresponding
values, the method of (A, B, C)-matrices was used.
[ 844337000000 10061700000 122090000 1521000 |

10061700000 122090000 1521000 19700
A= 122090000 1521000 19700 270
1521000 19700 270 4

To find the values of the function (ag, a,, a3, a4) of the obtained matrix C, the
inverse value of the matrix A was calculated, i.e. A*, and the following results are
obtained:

199 _ 1289 187 ~ 3899
7200000000 240000000 562500 600000
1289 8379 39049 25539

Al 240000000 8000000 600000 20000

187 _ 39049 731101 240143

562500 600000 180000 3000
~ 3899 25539 240143 39637
600000 20000 3000 25

Since the process was carried out for 6 hours at various temperatures, matrix B
was created:

B=Matrix([[sum(y[i]-(t[i])°, i=1..4)], [sum(y[i]-(t[i])% i=1..4)], [sum(y[i]-t[i], i=1..4)],
[sum(y[i], i=1..4)]]), which had the following meanings:

1.067102000 108

1.3627000 10°
18278.0
262.7

C=A". B allows to find the value of the matrix C by the formula and it can be
attached in the following form:

C=Matrix([[a], [b]. [c]. [d]]);
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a

b
C=| ¢
d
At calculating matrix C, the results are written (A™*B);
—0.000175834
0.0272748
—0.85116
55.6600

and at this a=-0,000175834; b=-0,0272748; ¢=-0,85116; d=55,6600.

Taking into account these calculated values on the base of the dependence of
the formation of iso-hexyl alcohol on the temperature and reaction rate, the results of
mathematical calculation and experiment were expressed by the following functions:

yl1=a-40°+b-40°+c-40*+d; y1=53,99990400
y2=a-60°+b-60°+c-60"+d; y2=64,79953600
y3=a-80°+b-80°+c-80+d; y3=72,09891200
y4=a-90°+b-90°+c-90*+d; y4=71,7984940
a-t+b-+c+d functions and iso-hexyl alcohol yield graph at t=40..90, y=52..76
had the following form (Fig. 4).

72+
72
70
701
68 68+
66 66
y 64 G4
62-
62
60
- 60
58
56 58
54 564
40 so 60 70 80 90 ' ' ' ' !
- E 40 50 60 70 30 90
a) b)

Fig. 4. Graphs of the dependence of the yield of iso-hexyl alcohol on
temperature: a) - according to experimental data, b) - by mathematical
modelation

By vyield of iso-hexyl alcohol formed during the telomerization of ethylene
with ethyl alcohol, the activation energy of the process and its rate were calculated.
Based on the obtained results on the yield of the product and the reaction rate,
mathematical treatment was carried out and their relationship was studied. First, the
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obtained results on the reaction rate were entered into the computer program, then the
values of the product yield depending on were entered.
v[1]=9,0; v[2]=10,8; v[3]=12,01; v[4]=11,9;
u[1]=54; u[2]=64,8; u[3]=72,1; u[4]=71,8
t[1]=40; t[2]=60; t[3]=80; t[4]=90
Based on the obtained results, the K matrix was elaborated:
K=Matrix([[sum((t[i])?, i=1..4), sum((t[i])’>, i=1..4), sum(((t[iD*V[i]), i=1..4),
sum((t[i]-(v[i])?), i=1..4)], [sum((t[i])*, i=1..4), sum((t[i])*, i=1..4), sum(((t[i])® - V[i],
i=1..4), sum(((t[i))* - (v[i1)2), i=1..4)], [sum(((t[i])* - V[i]), i=1..4), sum(((ti])* - V[i]),
i=L.4), sum(t[i])” - (vV[I])", i=L.4), sum(((tLiD)” - (v[iD), i=1.4)], [sum(((tEil)”
.(VE])4§],11)=1--4), sum((Ct[iD)” - (D)), i=1..4), sum(((t[i)"-(v[i])"), i=1..4), sum((v[i])",
i=1.. ;
The value of matrix K is as follows:
19700 1521000 226534.00 34522.5080

1521000 122090000 1.773302000107 2.619681640 10°
K= 226534.00 1.773302000107 2.61968164010°  394992.9181

34522.5080 2.61968164010°  394992.9181 61024.48815

To simplify the process, the values of L were determined and calculated as I,m,n and
f,

L= Matrix([[l], [m], [n], [f]]);
I=0,360196815370728
m= 0,0194829777191785
n=-0,301500165062407
f=1,44394352862219
As a result, the values of L were obtained:
| =0,360196815370728;
m = 0,0194829777191785,
n =-0,301500165062407;
f=1,44394352862219;

For modelation and treatment of the temperature dependence of the yield of
iso-hexyl alcohol formed during the telomerization of ethylene with ethyl alcohol, the
function (u) was calculated:

u=l't+m-t2+n't-v+f'v2;
u=0,0194829777191785t*— 0,301500165062407tv + 1,44394352862219v* +
0,360196815370728t

Based on the temperature, reaction rate and yield of the product used in the
process of mathematical modeling, the difference between the values of the
experiment and mathematical processing was 0.8-1.4%.

ul=1-40+m-40°+n-40-9,0 +/-9,0% ul=54,00000337

u2=1-60+m-60°+n-60-10,8 +f- 10,8% u2=64,7999949
u3=1-80+m-80*+n-80- 12,01 +f-12,01% u3=72,1000030

ud=1-90+m-90°+n-90- 11,9+ 11,9% u4=71,7999992
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At the same time the optimal conditions for telomerization of ethylene with
ethyl alcohol were selected.
[ t+m-F£+n -t-v+f-v2, t=40..90, v=8..13
It is shown that the results of experiments and mathematical treatment on the
yield of the product have an accuracy 99-100%:
Ul—fl =54-54 = 0; 100 %
u,—f,=64,8-64,7=0,1; 99 %
us-f;3=72,1-72,1=0; 100 %
u,—f,=71,8-71,9=-0,1; 99 %
Using the obtained experimental results, calculations were carried out on the
reaction rate. In this process, model 4 was obtained from table 4:

Model 4
t; 40 60 80 90
Vi 9 10,8 12,01 11,9
Ui 54 64,8 72,1 71,8

where: t; - temperature, v; - reaction rate, u; - iso-hexyl alcohol yield.

Based on these results, the following functions are presented:

4 4

S(ay, az, i) = Z[ui —U]* = Z[ui

- f(ti; 191') a, a;,as, a4)]2 - min

f(t, Vi, 8y, @y, @, ag)=asti+ast+astvi+a,V;’

Using the given values and the function, the following system of linear
equations was elaborated, which was simplified to the foIIowing form:

aZt +a22t +agztﬁ+a42tﬁ2 Zut
i " " .

alz t? + azz th + agz t29; + ay -219-2 = uitiz
) i=1 i=1 i=1

4 4 4

4 4 4
alztiﬁi2+a22ti219i +a3zti19i +ak+1219i =Zui19i2
\ =1 i=1 i=1 i=1 i=1

On the basis of linear systems the matrices K and U of the process are
calculated:
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19700 1521000 2.265340010°  34522.5080
1521000 122090000  1.773302000107 2.61968164010°
2.265340010° 1.773302000107 2.61968164010° 3.949929181 10°

_ 34522.5080 2.61968164010° 3.94992918110°  61024.48815 |
U=Matrix([[sum(u[i] = t[i], i=1..4)], [sum(u[i]  (t[i])?, i=1..4)], [sum(u[i] = t[i] = V[i],
i=1..4)], [sum(u[i] ~ (v[i])’, i=1..4)]])

18278.0

1.3627000 10°
U=|" 107601.880
32499.58121

(K*U);
0.360196815370728
0.0194829777191785
—0.301500165062407
1.44394352862219
1=0,360196815370728;

m=0,0194829777191785;
n=-0,301500165062407;

f=1,44394352862219
Based on the obtained values of the function f(t;, v;, a1, a,, as, a,) it follows
that these experiments coincide with the data obtained by mathematical processing
with an accuracy of 99%.
fi=a; 40 + a, «40° + 40 . 9 a3 + 9° «a,; f, = 54,00000337
f,=ay 60 + a, «60° + 60 10,8 ~az+ 10,8° «ay; f, = 64,79999949
fy=a, 80 +a,+80° + 80~ 12,1 a5+ 12,1° «a,; f; = 72,10000030
fy=a,+90 +a,«90° + 90 » 11,9 »az+ 11,9° «a,; f, = 71,99999992
Iconograms were constructed based on the results of the temperature
dependence of the synthesis of iso-hexyl alcohol according to its yield, obtained
experimentally and by mathematical processing using computer programs (Fig. 5).
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a) b)
Fig. 5. Iconograms of the temperature dependence of the synthesis of iso-
hexyl alcohol according to its yield: a) - according to experimental data, b) - by
mathematical modelation

Mathematical treatment of data by the synthesis of iso-butyl alcohol based on
the values of its yield and reaction rate showed that the experiments were performed
with an accuracy of 98 %.

CONCLUSION

After analyzation of kinetic parameters of the synthesis of iso-butyl and iso-
hexyl alcohols, the average reaction rate was determined and it’s activation energy
was calculated. Using mathematical modeling, analysis of graphs of analytical
functions and diagrams of kinetic parameters of synthesis it is possible to establishe
that at a reaction time of 6 hours and a temperaturs of 60 and 80 °C the yields of
alcohols have reached a maximum values: iso-butyl alcohol - 53,5 %, iso-hexyl
alcohol - 72,1 %.

REFERENCES:
1. H.B. VYmesa, O.E. Moiizec, O.E. Mursnuna, E.A. Ky3bMeHKo.
MatemaTnueckoe MOJAEIUPOBAHUE XMMHMKOTEXHOJOTHYECKHX IPOILIECCOB: yueOHOE
nocobue. Tomck: MU3a-Bo Tomckoro nonutexuuueckoro yunusepcurera, 2014. — Cr.
135.
2. B.B. Jlucuukui, 3.I'. Pacynes, A.C. Jlanonos, 1.M. bopucos, X.C. BaxuTos.
//Cnoco0 mosiydeHust anudaTudeckux COUPTOB, COAEPKAIIMX TPU U OoJiee aTOMOB
yriepoaa. 10.01.2004
3. Abdullaev J.U., Nurmanov S.E., Parmanov A.B., Mirkhamitova D.X.
Synthesis of aliphatic alcohols on the base on ethylene//National Association of
Scientists. Yekaterinburg, Russia, -2020, Ne 60. P. 34-36.
4, J.U.Abdullaev, D.X.Mirkhamitova, S.E.Nurmanov. Synthesis of 2-
methylpropanol-1 on the base of ethylene //«Innovative ways to solve current



Har. Edu.a.sci.rev. 0362-8027 82
Vol.3. Issue 3 Pages 69-82.

problems in the development of food, oil and gas and chemical industries» - Inter.
conf. Bukhara - November 12-14, 2020. P. 298-301.

5. AE. Ziyadullayev, S. E. Nurmanov N. F. Davronova Heterogeneous catalytic
vinylation reaction ofcyanuric acid with the participation of acetyleneand various
catalysts. Current Journal of Applied Science and Technology41(1): 14-22, 2022;
Article no.CJAST.807961SSN: 2457-1024 (Past name: British Journal of Applied
Science & Technology, Past ISSN: 2231-0843, 14-22 NLM ID: 101664541)

6. Ziyadullayev A.E., Nurmonov S.E., Parmonov A.B., Jumartova U.U.,
Mavloniy M.l. Mathematical processing of the results of synthesis of vinyl ethers of
cyanuric acid. Wschodnioeuropejskie Czasopismo Naukowe Poland (East European
Scientific Journal) Ne 3(55), 2020.

7. 3usinymnaes A.D., Hypmonos C.3., XKymaprosa V.VY., [TapmanoB A.b., ConneB
M. TCOpeTI/I‘IGCKI/IG OCHOBBI PCaKInnu TOMOI'CHHOI'O KaTaJINTU4YCCKOI'O
BUHWIMPOBAHUS I[MAaHYpOBOM KucioThl // EBpasuiickuii coro3 ydeHwix. Poccus.-
2019. - Ne9(66). — C. 37-41.

8.  Falbe Jiirgen; Bahrmann, Helmut; Lipps, Wolfgang; Mayer, Dieter. "Alcohols,
Aliphatic”. Ullmann's Encyclopedia of Industrial Chemistry. Weinheim: Wiley-VCH.
9. Gangolli S., The Dictionary of Substances and Their Effects, London: Royal
Society of Chemistry, p. 523, ISBN 978-0-85404-828-1, 2010-01-17

10. Hahn H.-D., Dambkes G., Rupprich N., Bahl H., Frey G.D. Butanols //
Ullmann's Encyclopedia of Industrial Chemistry. - Wiley. - 2013.

11. 3unsbepmreitn T.M. “Tpumepusanus 3TiiIeHa Ha MOAUGUITUPOBAHHOM XPOM-
nUppoILHOM KaTanu3atope” ABtopedepat. Tomck, 2013.

12.  Hypwmonos C.3., Masnounuii M.D., [lapmanos A.b. Uaruburops 6mokoppo3uu
HeTeIpPOMBICTOBOrO  0bopynoBanus // VY3bekucron Pecnybmukacn ®artap
aKaJleMUSICHHUHT Mapy3anapu. - 2014, Ned —C.63-65.



