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The factors influencing hydrogenation of a primary coal tar

Due to steady increase in prices for oil, the receiving of fuel and chemical products from coal and heavy oil
gets the practical value that can be considered as one of the perspective directions in energetics and the petro-
chemical industry of the near future. Receiving liquid fuels from firm combustible minerals is reduced to de-
struction of molecules of initial raw materials, increase in the relative content of hydrogen, removal of oxy-
gen, nitrogen, sulfur and cindery mineral substances. The method of planning the experiment with use of the
composite plan of Boxing Wilson optimum conditions of carrying out process were determined, a hydrogena-
tion of fraction of primary coal tar to 175 °C. It was established the influence of various factors, such as the
process course temperature, reaction time, pressure of hydrogen and number of the added catalyst. The re-
gression equation is calculated, the importance of the equation is estimated by parametrical criteria of statis-
tics (Student and Fischer's criterion). It is defined that degree of a hydrogenation of fraction of primary coal
tar from the end of boiling at 175 °C rises with increase in temperature, duration and the maintenance of the
added catalyst. It is established that the most optimum temperature of hydrogenation processes 420 °C, the in-
itial pressure of hydrogen is 3,0 MPa and duration of carrying out process is 60 min.
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A large number of experimental tasks in chemistry and chemical technology are formulated as extreme
tasks: definition of optimum conditions of process, optimum structure of compositions, etc. Due to an opti-
mum arrangement of points in factorial space and to linear transformation of coordinates, it is possible to
overcome disadvantages of the classical regression analysis, in particular the correlation between coefficients
of regression.

Planning of experiment allows varying all factors at the same time and allows receiving quantitative as-
sessment of the main effects and the effects of interaction.

In works [1-3] the hydrogenation of model objects in the presence of the synthesized Nano dimensional
catalysts on the basis of iron oxide is considered. It is established that the Nano catalyst Fe;O, shows high
activity and selectivity in comparison with other synthesized catalysts (B-FeOOH and Fe,05) [4].

In the process of a hydrogenation of heavy hydro carbonic raw materials the main objective is an in-
crease in an exit of liquid products due to transition of hydrogen to reactionary mix [5]. Various solvents,
fractions of coal tar, oil products, high-viscosity oil and its fractions can act as the donor of hydrogen. Ther-
modynamic calculations allow establishing optimum degree of a saturation of donors molecules by hydro-
gen [6].

Experimental

Studying the process of a hydrogenation of high-molecular substances with their transformation in low-
molecular [7] shows that this process depends on a number of factors including the main ones: pressure,
temperature, heating duration at an experience temperature, the speed of heating and catalysts.

In this work the method of planning of multiple-factor experiments is applied to definition of optimum
conditions of a hydrogenation of fraction of primary coal tar in the presence of the Nano catalyst [8]. During
planning complete factorial experiment all possible combinations of factors are realizes at all chosen levels.
The necessary number of N experiences is determined by a formula:

N=2"42k+n,
where n — number of levels; £ — number of factors.
As factors on which depends, process of a hydrogenation of fraction of the primary coal tar (PCT), the

following ones are chosen: z; — temperature,®C; z, — duration of hydrogenation process, min.; z; — num-
ber of the catalyst added to PCT fraction, %; z, — the initial pressure of hydrogen, MPa.
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Results and discussion

Because the analysis of parametrical sensitivity of process was an objective in this research, the orthog-
onal plan of the second order was chosen as the plan of experiment, providing equality to zero all covari-
ance’s between coefficients in the regression equation. Coordinates of the center plan, intervals of a variation
and levels of research are specified in Table 1.

Table 1
Levels of the studied factors
VA Z> Z3 Zy
7j° 400 50 0,2 1,5
AZj 20 10 0,1 0,5
1 420 60 03 2,0
-1 380 40 0,1 1,0
1,61 440 70 0,35 2,5
“1,61 360 30 0,05 0,5
The orthogonal plan of a matrix of the experiment is presented in Table 2.
Table 2

The plan of the matrix experiment fraction of PCT hydrogenation

Ne experience Xo X1 X, X3 X4 y
1 1 -1 -1 -1 -1 78,50
2 1 -1 0 0 0 77,00
3 1 -1 1 1 1 74,95
4 1 0 -1 0 1 79,60
5 1 0 0 1 -1 61,40
6 1 0 1 -1 0 69,40
7 1 1 -1 -1 1 77,30
8 1 1 0 0 -1 78,35
9 1 1 1 1 0 79,05
10 1 -1 -1 1 -1 73,75
11 1 -1 0 -1 0 77,10
12 1 -1 1 0 1 84,25
13 1 0 -1 1 0 76,55
14 1 0 0 -1 1 79,80
15 1 0 1 0 -1 82,60
16 1 1 -1 0 0 87,00
17 1 1 0 1 1 71,55
18 1 1 1 -1 -1 77,85
19 1 -1 1 -1 -1 73,75
20 1 1,61 0 0 0 91,03
21 1 —-1,61 0 0 0 63,31
22 1 0 1,61 0 0 79,65
23 1 0 —-1,61 0 0 51,73
24 1 0 0 1,61 0 90,78
25 1 0 0 -1,61 0 52,57
26 1 0 0 0 1,61 69,40
27 1 0 0 0 —-1,61 61,40

Where y — extent of the extraction of liquid products, %.
Plan parameters: k — 4; ng — 3; o — 1,61; number of levels N — 27.
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Thanks to orthogonality of a matrix the planning all regression coefficients are determined independent-
ly from each other by a formula:
N

J N 5, "
Zi:lxﬁ

According to the results of experiments regression coefficients and their error are calculated:

by =75,02 by =2,05 b, =4,07
by =-4,14 by =-1,65 by =47,86
blz :—3,15 b13 :—5,05 b14 :2,12
b21 = —3,15 b22 = 43,79 b23 = —2,19
b24 = *2,84 b31 = *0,18 b32 = *2,20
b33 = 45,82 b34 = 3,01 b41 = 2,12
by, =-2,84 by =3,01 by =43,00
birs =-0,01

The significance of the equation coefficients regression is estimated by Student's test according to the
formula:

t z‘bj‘/sbj .
Where b, — regression equation coefficient; 5, —— average square deviation the j of coefficient.
tv =167,66 tn =458 n =909
5 =-925 ty, =-3,66 th =106,96
112 = —7,04 113 =-1 1,29 t14 = 4,74
1231 = —7,04 ty = 97,86 fy = —4,89
124 = *6,35 131 = *4,04 132 = 4,92
t33 = 102,4 t34 = 6,73 t41 = 4,74
17 = —6,35 fy3 = 6,73 fyg = 96,1
tie =-0,02

Tabular criterion value of Student for the importance equation p = 0,05 and numbers of degrees free-
domof f'=ny—1=2; 1,(f) =4,3.

Thus, the coefficients b3, b4, blz, b13, bz], b23, b24, b31, b32, b42, b1234 aren't signiﬁcant and they should be
excluded from the regression equation. After an exclusion of insignificant coefficients the equation of regres-
sion is:

y=75,02+2,05x, +4,07x, + 2,12x,x, +3,01x,x, +2,12x,x, +3,01x,x;.

In order to check the importance of coefficients of regression and adequacy of the equation parallel ex-
periences were conducted in addition. Dispersion of reproducibility is counted by three experiences in the
center of the plan:

3.0
3° =—z“3-1y” - 81,33,

where y; =79,8 %;

y2 =81 %;
vy =283,2 %;
V=244 %.
The checking of adequacy of the received equation was carried out by Fischer's criterion:

2
N

ocm

=2

socnp
Dependences of influence of various factors (process temperature, duration of hydrogenation process,
number of the catalyst added to PCT fraction and the initial pressure of hydrogen) upon process of a hydro

up classing of PCT fraction are presented in Figures 1-4.
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Figure 3. Influence of the maintenance the catalyst Figure 4. The effect of the hydrogen pressure
on degree of a hydrogenation the PCT fraction on the degree of hydrogenation fraction PCT

These equations are adequate to experiment Fi = 6,55. Tabulated values of Fisher criterion
Favy= 19,45 significance level f; = 24, f, = 2. Therefore, the resulting regression equation adequately de-
scribes the experiment.

The analysis of parametric sensitivity of the regression equation is shown in Figure 4. Calculations are
made for the center of the plan. The degree of hydrogenation of fraction PCT increases with increasing tem-
perature, length and content of the added catalyst (Fig. 1-3).

Thus, the hydrogenation of PCT fraction in the presence of the Fe;0, Nano catalyst is carried out. In-
fluence of such factors as the process temperature, process duration, number of the added Nano catalyst, and
also initial pressure of hydrogen are analyzed. The optimal conditions for the hydrogenation process are es-
tablished. The optimum conditions for the hydrogenation process PKS fractions are 420 °C temperature,
60 minutes duration, the amount of catalyst added is from 0,1 to 0,5 % and an initial hydrogen pressure of
3 MPa.
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Bipinmiytik Tac kemip maibIPbIHBIH THAPOTeHNU3ANMICHIHA
(phaxTopaapabiH dcepi

MysHaii OaralnapblHbIH Y3AIKCi3 JKOFapiaybl KeMip MEH ayblp MYHaiilaH OTBIH JKOHE XHUMHSJIBIK
Genrineyinaeri eHiMaepal amy ToKipuOeni MaHbI3IbI 00majabl, Oy jKaKbIH OOJAlIaKTaFbl YHEPreTHKa MEH
MyHail XUMHUsI OHepKacimTepiHzeri kenereri O6ap OarbITTapablH Oipi periHae KapacTelpbuiabl. KarTh
JKaHATBIH Kaz0ajapJaH CYHMBIK OTBIHZApABl ally OacTamkbl OHIMHIH MOJIEKyJalapislH OeriHyiHe, cyTeri
KeJIeMiHIH OipmiaMa >KOFapiayblHa, OTTETiHi, a30TThI, KYKIPTTi XoHE KYJIi MHHEpasIsl 3aTTapibl KeTipyre
ocep ereni. BOKC-YHICOH KOMITO3HMIMOH/IBI HKOCIApBIH IaifanaHa OTHIPbIN, Kol (akTopibl TIXKipuOeHi
xKobaay 9iciMeH HaHOKAaTaJIM3aTop KAThICBIH/IA OipIHIIUIIK Tac KeMip IAHBIPBIHBIH THPOT€HU3AIUsICHIHBIH
THIMZI KaFgainapbl aHBIKTANAbl. bBacTamkpl CyTeri KbICHIMBI, KOCBUIATBIH HaHOKATAIU3aTOp KeJieMi,
TeMIieparypa MEH YPIIC YakbIThl CHSKTHI (hakTopnapabiH acepi 3eprreii. CTaTUCTHUKAHBIH MapaMeTpIliK
6enrinepi apkpuibl (CthromeHT jkoHe @uimep Oenrijepi) perpeccusi TEHAIN eCENTENIHIN, MOHALIIr
anplkTanapl. 175 °C  geifinri OipiHIIUIIK Tac KeMip MIAHBIPHIHBIH (PaKLMACBHIHBIH THUAPICY Oddpexeci
TeMIiepaTypaHblH ©CyiMeH, YPHAICTIH yaKbITHIHBIH JKOFapJaybIMEH, KOCBUIATBIH KaTaln3aTop MeJLIePiHeH
eceTiHl aHbIKTANABL. EH THiMzi >xarmnaid perinae temmepatrypa 420 °C, Gacrankbl cyreri KpicbiMbl 3,0 MIla
JKOHE YPIIC YakbITE 60 MUH OOJIATHIHBI OCNTiIICH/].
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DaxkTOopbl, BJUSIOIINE HA THAPOreHNU3AIUI0
MEePBUYHOM KAMEHHOYI0JIbHOM CMOJIbI

B cBs13u ¢ HEYKIIOHHBIM POCTOM IIeH Ha He()Th NIPAKTHIECKOe 3HAYEHHE IIPHOOpPETacT MoTydeHUe MPOILyKTOB
TOIUTMBHOTO ¥ XMMHUYECKOTO Ha3HAUEHHMS U3 YIJIA U TSDKETOH He(TH, 4TO MOXKET PAaCCMaTPHUBATHCI KaK OJIHO
U3 TEPCICKTUBHBIX HANpPAaBICHUH B 3HEPreTHKe M He()TEXMMHUYECKOIl MPOMBIIUIEHHOCTH Onykaiimero Oy-
nymero. ITomydenne >KUIKUX TOTUIMB U3 TBEPIBIX TOPIOUMX HCKOMAEMBIX CBOAUTCS K PAa3pyLIEHUIO MOJIEKYJ
HCXOJHOTO CBIPBS, yBEIMUYEHUIO OTHOCUTEIBHOTO COJEPKAHMS BOAOPOIA, YAAIECHHIO KHCIOPOa, a30Ta, CEPhI
U 30JIbHBIX MHUHEPAJIbHBIX BELIECTB. METOOM MIAaHUPOBAHHS SKCIEPHMEHTA C HCIONb30BAHHEM KOMIIO3H-
IMOHHOTO IUTaHa bokca-YuicoHa ObIIM onpeesieHsl ONTUMATbHBIE YCJIOBUS MIPOBEAEHHS IIPOIecca THIPO-
reHu3anu (Qpakiuy MEePBUYHON KaMEHHOYTONbHOUW cMoJbl 10 175 °C. YCTaHOBICHO BIHSHUC Pa3IHYHBIX
(hakTOpOB, TaKMX KaK TEeMIEpaTypa IPOTEKaHHs IPoIecca, BpeMsi IPOTEKaH!s PeaKkliy, JaBJICHHE BOJOPOAA
M KOJIMYECTBO N00aBIIEMOTo KaTajau3aTopa. PaccunraHo ypaBHEHHE pErpeccHH, 3HAYMMOCTH YpPaBHEHHUS
OLIEHEHA MapaMeTPUUECKIMU KPUTEPUSAMH CTaTUCTUKH (Kputepuil CThroaenTta u @umiepa). OnpeneneHo, 4To
CTeNeHb THAPOreHH3aluy (paKIUU MEPBUYHOI KAMEHHOYTOJIBHOM CMOJIBI ¢ KOHIOM KumeHus: 175 °C Bo3-
pacTaeT ¢ yBEIMUYEHHEM TeMIepaTyphl, IPOJOILKUTENPHOCTH M COAEpKaHMS J0OaBIsEMOro KaTalnu3aTopa.
YcraHoBieHo, 4To Hanbosiee ONTUMaNbHas TEMIIEpaTypa NPOTEKaHHs MPOLECCa THAPOTeHU3aluH COCTaBIISIET
420 °C, nauanpHOe naBneHue Bogopoza 3,0 Mlla u npogomKuTenbHOCTh poBeAeHus pouecca 60 MUH.
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