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Abstract
The unique properties of carbon nanofibers (CNFs), a novel structured carbon material
developed in the last two decades, have generated a large number of applications including selective
absorption, energy storage, polymer reinforcement, and catalyst supports.
The results show the possibility production of olefin hydrocarbons from gas electrocracking as
a first stage, and the subsequent stage investigated the regularities of the oligomerization of acetylene
in the gas electrocracking on palladium catalyst, we supported palladium on CNFs and developed a
highly active catalyst for hydrogenation of hydrocarbons. CNFs supported palladium catalysts
(0.5%Pd) were prepared by a standard incipient impregnation method using aqueous solutions of
palladium (II) chloride PdCl; as a palladium precursor. Carbon nanofibers (CNFs) were synthesized
from a previous studyto us, obtainedalsofrom acetylene in the gas electrocracking over y-Fe;Os
catalyst, oligomerization of acetylene with a Pd/CNFs catalyst has been investigated. Catalytic
experiments were performed in a fixed bed reactor at atmospheric pressure, synthesized at(140 — 270)
°C, using gas hourly space velocity (GHSV) in the range (3000-7000) h™ of feed gas. Resulting
shows that the yield of green oil or (liquid hydrocarbons) reduce when the temperature increase and
increase in the yield of methane, ethene, propene and butene, as well as a more stable catalyst.
Keywords:carbon nanofibers (CNFs), olefin  hydrocarbons, gas electrocracking,
oligomerization, Pd/CNFs catalyst, atmospheric pressure, gas hourly space velocity (GHSV), green
oil
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Introduction

The synthesis and development of solid-supported metal catalysts has been the subject of
most research on catalysis. These catalytic systems have higher reactivity due to their larger active
surface area and offer the advantages of heterogeneous catalysis, like ease of handling and
recyclability. Nowadays, the development of nano-sized solid supported metal catalysts to make
them even more reactive is very popular. For instance, palladium anchored or immobilized on
various kinds of supports, such as carbon, clay, silicates, zeolites, amorphous or mesoporous silica,
porous biomaterial or polymers, has gained considerable attention due to its remarkable
performance in wide range of organic transformations, especially in coupling and in hydrogenation
reactions. [1-6]Metals that have a high activity for hydrogenation reactions include Ni, Fe, Rh, Ru,
Pd, and Pt, etc [7].Here we present a brief literature review on the kinetics and catalytic aspects of
the selective hydrogenation of acetylene/ethene on palladium based a catalyst that is Pd/CNS
(Carbon Nanostructures). First, we shall discuss the properties of palladium catalysts with respect to
adsorption of hydrogen, acetylene and ethene on the metal surface. After a briefdiscussion on the
oligomerization, the literature on the mechanisms and kinetics of the hydrogenation reactions will
be reviewed.

Properties of PA/CNF catalysts

The Pd/CNF catalysts proved to have superior selectivity and activity hydrogenation of
acetylene on palladium—nanostructured catalysts, and the Pd/ CNFs showed formed less green oil
and no detectable coke formation compared to the commercial catalysts under the experimental
conditions [8].Carbon nanofibers are the innovative materials that show potential as catalyst support
[9].Compared to activated carbon, CNF present a high specific surface area without microporosity,
preventing mass transfer limitations. In addition, their graphitic structure leads to metal-support
interaction, which can improve catalytic activity/ selectivity. Up to now, the majority of catalysts
based on CNF are used in the form of fine powders. It makes them difficult to handle and provokes
high pressure drop though the catalytic bed.

Adsorption/absorption of H, on Pd catalysts and phase transformations in Pd

particles supported on carbon nanofibers

It is generally accepted that hydrogen adsorbs dissociative on palladium. Adsorption
enthalpies have been reported in the range of (24-110) kJ/mol, dependent on many factors such as
type of support, impurities, pretreatment.Besides adsorption, absorption of hydrogen can also take
place, in particular for unsupported palladium. Two different phases of palladium hydride can be
formed: a hydrogen poor a-phase and a hydrogen rich B-phase. The role of the hydride formation in
the hydrogenation has been discussed by a number of authors, but it is not clear whether it is
important for industrially applied supported palladium catalysts, which usually have a very low Pd
content[10].

If formed, the B-phase has been shown to be more active, but less selective than the more
common a phase. The formation of the B-phase is suppressed by a high metal dispersion. The
structural changes induced by exposing ACF (activated carbon fibers) and Pd-ACF to high pressure
(up to 10 bar) hydrogen was monitored using in-situ XRD measurements. No changes were
detected in the carbon structure after adsorption and desorption cycles at room temperature;
however the equilibrium between a-phases and B- phases of Pd hydride were easily monitored.
Figure 1a shows the position and relative intensity of (111) peaks of the two phases as a function of
partial pressure of H, in mixtures with He. The degree of B — a conversion during desorption of
hydrogen from 10 bar H, is plotted in Fig. 1b as a function of partial pressure of H,. For
comparison, also shown are similar plots for a reference Pd sponge sample and a commercial Pd on
activated carbon catalyst (1% wt Pd from Acros Organics Company). The average size of Pd
particles was 47.5 nm in Pd-ACF, 32.5 nm in Pd sponge, and 4.0 nm in the Pd catalyst. The
hydrogen pressure corresponding to 50 %  — a conversion reflects the stability of the H-rich -Pd
hydride phase. The results show that the decomposition of B-Pd hydride during hydrogen desorption
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occurs earlier (at a higher pressure) on Pd-ACF in comparison with Pd-sponge and Pd catalyst [11].
This shows that the H-rich Pd hydride phase on Pd-ACF is destabilized by the intimate contact with
the activated carbon in Pd-ACF, which has hydrogen adsorption properties by itself. This is indirect
evidence that the highly microporous carbon support in Pd-ACF acts like a “hydrogen pump” that
causes “leaking” of H atoms from the H-rich Pd hydride phase, as suggested for hydrogen spillover
[12]. The higher “pumping efficiency” of the microporous carbon in Pd-ACF is probably the
consequence of the preparation method of this material: premixing the Pd salt with the carbon
precursor beforecarbonization produced Pd particles embedded in the carbon matrix with a better
metal-carbon contact. In contrast, a less efficient metal-carbon contact is expected when Pd is added
after formation of the carbon support (the case of Pd catalyst). These differences are reflected in the
order of H; pressures that correspond to a 50 % conversion of p — o hydride phases: 5 mbar for Pd-
ACF, 0.5 mbar for Pd catalyst, and 0.01 mbar for Pd sponge.This study supported the above, as
explainedthe stability of Pd hydride phases in

Results indicate that higher degrees of Pd—carbon contacts for Pd particles embedded in a
microporous carbon matrix induce efficient 'pumping' of hydrogen out of B- PdH,. It was also found
that thermal cleaning of carbon surface groups prior to exposure to hydrogen further enhances the
hydrogen pumping power of the microporous carbon support. In brief, this study highlights that the
stability of B- PdHy phase supported on carbon depends on the degree of contact between Pd and
carbon and on the nature of the carbon surface [13].

Adsorption of C,H, and C,H,on Pd catalysts

For the adsorption of ethene on Pd catalysts different types of adsorbed species have been
proposed and both associative and dissociative adsorption can occur. A part of the adsorption was
shown to be irreversible [14]. Dissociative adsorption of ethene might be responsible for a self
hydrogenation of ethene: hydrogen atoms from dissociative adsorbed ethene can react with
associatively adsorbed ethene to form ethane. Different forms of adsorbed ethene that have been
shown to exist on Pd catalysts by means of spectroscopic techniques for acetylene also different
forms of adsorbed species have been reported. Both associative and dissociative acetylene
adsorption can occur.

On the basis of data about carbon distribution in reaction products on Ni/SiO, catalyst.
Trimm et al [15] lead his scheme of the process of oligomerization of acetylene. For its
substantiation, they use data contained in studies of the catalyst surface [16]which showed that
acetylene is adsorbed on the Ni centers at a temperature 120 k no dissociative and is p-bridging ( di-
o/ di-n ) form. Such an intermediate suggests that the C-C bond is located across the adjacent pairs
of atoms Ni - Ni and thus associated with 4 nickel atoms. The second intermediate is a vinyl group,
which acts as a catalyst for connection to surface acetylene group. According to the authors, the
hydrogenation of surface bonds in the third intermediate would lead to the formation of 1-butene or
1, 3-butadiene, depending on hydrogen presence on catalyst surface, and formation cis and trans-2-
butene, possible if the gap of double bond is accompanied by joining of hydrogen to 1 and 4 atoms
of carbon.
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Where the symbol * shows the connection with node of catalyst surface.
Linear hexane, hexadiene and hexatriene could be formed in the similar way if the chain extended
by the addition of other surface acetylene group to the fourth carbon atom of the third intermediate.
If the surface acetylene group to join to the third intermediate, the hydrogenation of all
bonds with the surface of the fourth intermediate will lead to the formation of 3-methyl-1-pentene,
which was obtained in a significant quantities as a result of reaction:-

H H
“"\-..\H_ ._'__,.-"'
(3) + cC—C —=»
. a:. "'-* H\“x
(2
H H
S | =
C=C~-
- H
H -

However, cis and trans-3-methyl-2-pentene, according to authors, could not be formed
directly, therefore in work [15] suggested two possible ways to their formation. . The first consists
that a unique diene, which could be formed directly from fourth intermediate by joining the two
hydrogen atoms to the fourth carbon atom and one hydrogen atom to the sixth carbon atom was 3-
methyl-1, 4-pentadiene.This is the most unstable of methylpentadiene as double bonds had not been
joined; it was barely detectable in the reaction products.
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In work explains that the further joining of surface acetylene group to intermediate can
occur only under the condition that the resulting stresses will accumulate as many carbon atoms are
for from the vinyl group and associated with the surface. As an example, the authors present linear
intermediates, in which all the carbon atoms bond to the surface.

In [17, 18]the formation of 2-methyl hydrocarbons due to the formation of a transitional
three-membered cyclic intermediate:
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Disconnection 3-4, which is accompanied by partial hydrogenation or further increase the
chain will lead to the formation of isobutylene and other 2-hydrocarbons.
The authors of work [18] offer the following general scheme of reaction on zeolite:-
Acetylene — polyene — aromatic
Thus the data about existence of vinyl cations are presented in work [19-21]. The main
reaction of the formation of benzene [18]is as follows:-
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Code (s) denotes the active site of zeolite.
Evidence has been given that the adsorption of acetylene and ethene takes place in two

stages; in the first stage an irreversible dissociative adsorption occurs, while in the second stage
acetylene and ethene adsorb on this primary layer. Thus, the species that participate in the
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hydrogenation reaction might not be adsorbed directly on the metal, but on a carbonaceous over
layer [22-25]. It has been generally accepted that the adsorption of acetylene on Pd is much stronger
than that of ethene, while ethane is adsorbed very weakly. This had led to the classical explanation
for the selectivity of the acetylene /ethene hydrogenation, while in the absence of acetylene, ethene
is hydrogenated readily on Pd. In this classical explanation, the selectivity was thought to be a
consequence of the thermodynamic factor, which says that due to the higher adsorption enthalpy of
acetylene, the ratio of surface coverages of acetylene and ethene remains very high until acetylene
is virtually no longer present.

Mechanisms

During the hydrogenation of acetylene in ethene, oligomers and polymers are also formed,
which is a serious problem in industrial practice. These oligomers and polymers are commonly
referred to as insignificant quantities from ‘green oil’ or liquid products; it is evident that the
composition of liquid products was detected monoolefinic hydrocarbons fraction of Cg-Cy4 linear
structure. Investigated the formation of green-oil and they have determined by means of gas
chromatography, but received mixture of hydrocarbons was not divided by selected analytical
condition, as evidenced by the imposition of the peaks on the chromatogram. Of course in the
absence of acetylene no oligomers are formed. The formation of the liquid products, which
remained on the catalyst surface, corresponded in their experiments to at most 2% of the consumed
C,H,. The presence of these heavy polymers on the catalyst surface was examined by means of
thermographic analysis, TG, and differential scanning calorimetry. From the TG experiments it was
concluded that the amounts of ‘heavies’ was (6-36) g per kg of catalyst. The mechanisms for the
oligomerization of acetylene on different catalysts. Requires knowledge of the mechanism of the
reaction allows predicting and explaining the composition of the products formed and subsequently
synthesizes the most effective catalysts for the process.

The following mechanism was presented for the dimerization of acetylene on
Ni/ZnCl,/Pumice (Ni: ZnCl, = 1:5) catalyst:[26]

2CH=CH—»CH=C-CH=CH,
CH=C-CH=CH; +H, —»

[:]-[2:[31-[—[j]-[:[j]—[2 ........................ (1)
CH=CH CH=CH
| N/
G — ¢ +2Hy —>
CH, CH,
CH; CH;
NS
iﬁ ________________________________________________ (2
CH,

In [27] presented possible schemes of formation of trimers of acetylene in presence of
hydrogen on Ni/Pumice catalyst.

The presented schemes confirm the composition of the products obtained by this catalyst
in the reaction [27] the basic trimers were 2-methyl-pentene (eq.4) ,3-methyl-pentene (eq.6)and n-
hexene (eq. 3 and 5)2,3-dimethyl-butene(sidelong reaction 7)were insignificant.
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Important reaction

JCH=CH—»C=C-C=C+C=C —»
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Thus, in these schemes [27] given represent formation of oligmers as a process of sequential
addition of acetylene groups, and if, for linear molecules that accession can take place directly, the
branched molecules are obtained through the formation and disintegration intermediate
cyclopropene ring in its various relations.

In [28]puts another original scheme of the polymerization of acetylene. This is a patter of
linear and nonlinear polymerization, the so-called semihydrogenated molecules of acetylene.
According to the author, the hydrogenation diadsorption acetylene molecule leads to the formation
semihydrogenated structure, which can have a radical form:

HC=C"H+H »H,C=C H—»>
H.,C -"C H

Where the symbol * shows the connection with node of catalyst surface. Accession
diadsorption acetylene to the radical gives C, radical.

g ¥ E ] = ® = = . ¥
H,C-C H+HC=C H— H,C-C H-C H=C H
As a result of the further increase of a chain forms linear Cg Cs ... etc, reaction products.
¥ s ¥ 3 & i - &
Hzc - C H+H2C:C H———» Hzc -C H-CH-C Hz

Men’shchikov et al.[29] have performed a Kinetic study of the hydrogenation of acetylene
in the presence of ethene under industrially relevant conditions, using a 0.005 wt. % Pd/Al,O3
catalyst. They have found experimentally that in contrast to what previous authors had reported the
rate of ethene hydrogenation is not influenced by the partial pressure of acetylene. They have
considered two sets of equations, but only the two rate expressions given in equation (1) and (2)
respectively, could describe their experimental data quite well over the whole experimental range of
P =2 MPa, (0.8 - 0.0002 )% acetylene, (8-0.003)% hydrogen, (0.02-1 )% ethane, 140 ppm carbon
monoxide, the balance being ethene, and the temperature (353-433) K to explain the absence of an
influence of the acetylene pressure on the rate of ethene hydrogenation, they put forward that
acetylene and ethene might adsorb on different types of actives sites.
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Thus in agreement with the later work of McGown et al. [30], and that the acetylene partial
pressures applied were too low. We would like to point out that the presence of CO in their
experiments might be of major importance, because if the adsorption of CO on certain type of sites
is larger than that of acetylene, practically no effect of acetylene adsorption will be found. If these
same sites are involved in the hydrogenation of ethene, the acetylene pressure will not influence
ethene hydrogenation. Unfortunately Men’shchikov et al.[29] did not vary the CO content.

Experimental

Preparation Pd/CNFs catalyst

Carbon nanofibers (CNFs) were synthesized from a previous study [31] obtainedalso from
gas electrocracking over y-Fe,O; catalyst fig.2 (specific adsorption surface 105 m%g : sorption
capacity for methyl orange,50 mg/g ; density 2.367 g/cm®; ash, wt 25% ; crystallite size 280A).
Was prepared by incipient wetness impregnation, using aqueous solutions of palladium (II) chloride
PdClI; (99.9%, Aldrich) of appropriate concentration to obtain 0.5% (w/w) Pd. Then the catalyst
dried at 120 °C, and calcined it at 400 °C for 5 hours. Activation of the catalyst was carried out by
reduction under continuous H; flow (300ml/min) before use. Acetylene were obtained during the
decomposition of organic liquid wastes (from diesel) in an electric arc, laboratory reactor for the
decomposition of organic liquid in low-voltage electrical discharges is shown in fig. 3.

The reactor is a cylindrical vessel stainless steel designed for loading of raw material in the
volume of 750 ml, contains stationary graphite electrodes made in the form of parallel graphite
rods, on electrodes there is a mobile intermediate contact, and between the rods there is graphite
ball with a diameter ~6.5 mm. When the voltage from the power supply between the stationary
electrodes and a ball arc discharge occurs, this results in the decomposition of raw materials with
formation of gas and soot. For reception of gas, this was used for process realizations conducted
electrocracking diesel fractions. Gas composition is given in table 1.

For carried out of catalytic experiments used laboratory setup of flowing type with the
integrated reactor, with the fixed bed of the catalyst (fig. 4).

Gas electrocracking was displaced from storage of gas electrocracking by water (1), after
calculating the gas hourly space velocity (GHSV). Quartz reactor (6), a cylindrical (inner diameter
10 mm), with a fixed —bed of catalyst, placed in the center of the electric furnace. The temperature
in the catalyst bed is supported with accuracy + 20 °C, gaseous and liquid products of reaction
leaving the reactor are cooled in the direct flow water refrigerator (8), after that condensed liquid
products of synthesis, as well as water (at the stage of catalyst activation) are collected in collection
(9) The other mixtures pass through a low temperature refrigerator immersed in cylindrical Dewar
flask (13) for capture of light liquid hydrocarbons. The remained gaseous products pass through a
glass pipette (15) (samples were withdrawn periodically and analyzed with a gas chromatograph),
then a drum-type k wet gasmeter (16) and released into the ventilation.
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Before the beginning of carrying out of each experiment the catalyst restored by hydrogen at
temperature 300 °C and flow of 25 ml/min for 2 hours, after restoration the catalyst cooled to
reaction temperature in hydrogen current, then shut the gas valve of hydrogen, and recruited gas
electrocracking, which is beginning to serve on the heated catalyst bed with set GHSV. After
stabilizing the temperature in the catalyst bed, began to selection of samples of gas for analysis. The
synthesis was carried out in the range of (GHSV) (3000-7000) h™*, and the temperature range (140-
270)°C. Specific values of (GHSV) and temperature which conducted the study were chosen
depending on used catalyst system. All experiments were conducted under isothermal conditions.
Hydrocarbon gas analysis was performed on chromatograph mark LHM- 8. Detector - thermal
conductivity detector (TCD). The current bridge detector -90 mA. Chromatographic phase - Al,Os,
promoted with 5% solution of NaOH. Carrier gas flow (nitrogen) - 20 ml /min. The length of the
column 7 m thermostat column - 80 °C. Analysis of liquid hydrocarbons was carried out on
chromatograph Agilent Technologies gas model 6890N equipped with a mass selective detector,
model 5973. Capillary column HP-1 (polymethylsyloxan), 50 m x 0.32 mm, detector temperature
280°C, injector temperature 270°C, flow rate 1.0 ml/min, initial temperature 120 °C and oven
program from 5 °C/ min to 290 °C.

Results and discussion

Catalyst that began to exhibit their activity at a temperature 30 °C. To investigate the effect
of temperature on the stability of the catalyst compositions and reaction products, experiments were
performed at (GHSV) of feed gas 4200 h™ and temperature 140 and 270 °C. It has been noted for
later, that the conversion of acetylene within 6 hours of reaction in all cases was 100%. In
connection with this change in catalyst activity over time was assessed by change in the conversion
of hydrogen. From fig. 5, shows that over time reduces the conversion of hydrogen, especially at
temperature 270 °C. Thus the increase in temperature from 140 °C to 270 °C leads to a sharp
decrease in conversion. This indicates the instability of the catalyst.

Diagrams of change of the yield of the reaction products over time the process at
temperature 140 °C and 270 °C are shown in fig.6 and fig.7 respectively.

From fig.6 indicates that at temperature 140 °C, one of the main products of the reaction is
ethane, the yield about 44%. Yield of methane, propane is about 3.9 and 3.8%. The main products
C, in the gaseous phase in the initial moment of time are butane 31.7%.However as time increase
the yield of butene, which after 6 hours was 15.4% .The gradual decrease in the degree of
hydrogenation of hydrocarbons C, is obviously, the reason for this change in the composition of
products. It should be noted that the yield of n-butane was significantly higher yield than iso-butane
yield and among the butene predominantly isobutene and 1-butene. The yield of C,s products is
about 10.5%.

At temperature 270°C (fig. 7) presents that in the initial moment of time in the gas phase
contains unsaturated hydrocarbons Cy,their yields after 50 min. of 6.3%.With the passage of time
appear in the gas phase ethene and propene, as well as yield of butene to the extent of the process.

Simultaneously the decrease in yield of the corresponding saturated hydrocarbons ethane,
propane and butane. It is obvious that the proportion of the total reaction hydrogenation of
hydrocarbons is decrease after 6 hours from the work of the catalyst, the yield of butene reaches
21.8%, ethene 28.9% and propene 4.9%. It should be noted that the increase in temperature from
140 °C to 270 °C leads to an increase in the yield of methane from (3.9 to 7.9) %, and decrease in
the yield of Cs. from (9.4 to 7.4) %. This is probably due to the fact that the temperature 270 °C
there is an increase in rate of decomposition reaction of intermediates, which are precursors of
hydrocarbons Cs..
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The result showed high activity for palladium catalyst in hydrogenation reaction, that is
obviously connected with the high maintenance of active component — palladium, as a consequence,
it leads to the formation of saturated hydrocarbons C,-C, in the initial moments of time and a strong
heating of the catalyst bed.

It is necessary to notice, that in all experiments, there was a decrease of catalyst activity over
time. The catalyst worked unstable, thus the increase in process temperature lead to increase in the
rate of its deactivation. At a temperature 240 °C the color of the catalyst became completely black,
while after the experience at temperature 140 °C only insignificant dimness of granules was
observed. Presents the loss of catalyst activity is connected with the deposition of carbon on its
surface, the gradual blocking of the active centers of the catalyst leads to reduce the conversion of
hydrogen and the reaction of partial hydrogenation. The results are in good agreement with literary
data in which it is shown, that the deposition of carbon on the catalyst surface plays an important
role in determining the selectivity process of hydrooligomerization of acetylene.

To study the effect of temperature on the stability of the catalyst experiments were carried
out at selected temperature in (GHSV) of feed gas 4200 h™* and 6500 h™ fig. 8, shows the change in
the conversion of acetylene with time at different temperature, the reaction process and (GHSV) of
feed gas 4200 h™.

From Fig.8 shows that the stable situations of the catalyst increase with increasing
temperature from 140 °C to 240 °C. At a temperature of 140 °C for 6 hours of catalyst conversion of
acetylene reduced from (100 to 22) %, at temperature 200 °C for the same period of time is only
reduced to 82%, and at temperature 240 °C and270 °C full conversion of acetylene was fixed during
all time of carrying out of process. Similar results of the effect of temperature have been received
and at (GHSV) of feed gas 6500 h™. It should be noted that at a temperature 140 °C on the surface
of catalyst grains were found traces of liquid products (green oil).Thus suggests that the instability
of the catalyst at temperatures below 270 °C is connected with the developed internal surface of the
support, on which adsorption of the formed liquid products having a boiling point higher than the
temperature of the experiment. As a result, the system transitions occur, subsequent reaction of
adsorbed hydrocarbons that lead to the formation of high molecular component and block the active
centers of the catalyst. The increase in temperature promotes evaporation of liquid products. These
lead to a reduction in the rate coking and consequently increase the time stability of the catalyst.

From the fig. 9 shows increase in (GHSV) of feed gas 4200 h™* to 6500 h™ leads to a
decrease in time stability of the catalyst and increase the rate of its deactivation. Because at
temperature 270 °C the catalyst stably worked during time of carrying out of process in investigated
area of (GHSV) is of interest to consider in detail the structure of the products at this temperature,
the diagram of change in yield of the reaction products over time in the process (GHSV) of feed gas
4600 h™* shown in fig. 10.

From fig. 10 shows that the composition of the products leaving the reactor is practically
dose not change within 400 min of the process. The main products are gas phase olefin
hydrocarbons. Thus the yield of ethene is about 33.4%, the yield of propene 6.5%, and butene yield
22%. The vyield of ethane was about 11.7%, while the yield of propane and butane were not
significant and accounted for a total about 5%.

Chromatogram of liquid products, condensed under specified conditions and collected over
the time of the process is shown in figure 11. It is evident that the composition of liquid products
was detected monoolefinic hydrocarbons fraction of Cg - Cy4 linear structure, received mixture of
hydrocarbons was not divided by selected analytical condition, as evidenced by the imposition of
the peaks on the chromatogram.

As we expected, as the long term storage of liquid products in which irreversible changes
connected with further transformation of unstable olefinic hydrocarbons. As a result, the refractive
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index of the liquid (ND®) increased from 1.4699 to 1.4783 and for re-analysis of samples to identify
the component was impossible.

The material balance of the process after 400 minutes of the catalyst at a temperature 270 °C
and (GHSV) of feed gas 4200 h™* is presented in tab. 2.

Submitted material balance suggests that the hydrogenation reaction and
hydrooligomerization takes only acetylene, as quantities of other hydrocarbons which are present in
the feed gas, increase. It is interesting to note, that dimmers of acetylene content iso-and 1- butene
was approximately two times more than the content 2-butene, and butane was present only in a
linear modification.

Effect of temperature on the composition of the reaction products at (GHSV) of feed gas
4200 h™ after 120 minutes of the catalyst is shown in table 3. From tab. 3 shows that with
increasing temperature from 140 °C to 180 °C there is a decrease in the yield of hydrocarbons Cs.
and the increase in the yield of ethane, that testifies to considerable acceleration of reaction of
hydrogenation of acetylene in this interval of temperature. Further increase in temperature to 200 °C
leads to decrease the yield of ethane and increase in the yield of ethene, propene and methane. It is
obvious, that hydrocarbons C; and C;z are formed only as a result of disintegration of less stable
oligomers of acetylene.

Above 200 °C there is an increase in reaction rates of cracking. Effect of (GHSV) of feed
gas on the yield of the reaction products at 240 °C is presented on fig. 11. On the graph shows the
change in yield only olefinic hydrocarbons.

Apparently from fig. 12, increase in (GHSV) of feed gas from 3300 to 6300 h™ leads to a
slight change in the yield of ethene and butene, in turn propene yield decrease from 8.5 to 4.5% and
the yield of C5+ products increased from (15.5 to 23)%. It can be a assumed that with increasing
(GHSV) of feed gas is in increase in the rate of desorption of intermediates formed from a catalyst
surface in relation to rate of re- action of their decomposition.

As a consequence, the intermediates give rise to components of the liquid products, it should
be noted that the total yield of C,-C,4 olefins was about 60% in an investigated interval of (GHSV),
that catalyst deactivation is most possibly related with blocking its active centers by carbon
deposits, and as consequence has reversible character, considered the possibility of regeneration of
the catalyst.

Regeneration was carried out in hydrogen under identical restoration for one hour.

Changing the conversion of acetylene with time of the process before and after regeneration
of the catalyst at a temperature160 °C and (GHSV) of feed gas 6300 h™ is presented on fig. 13.
From fig. 13 shows that after regeneration of the catalyst restores its activity, but not completely.

Regeneration catalyst works more stable than fresh; a decrease of acetylene conversion for
200 minutes of work makes 18% against 63% for the fresh catalyst.

Thus it is possible to conclude, that the main products on the catalyst 5% Pd/CNFs are
indicative monoolefin hydrocarbons C,-Cy4 predominantly linear structure. The yield of lower
olefins C,-C4 is more than 50%. The increase in temperature from 140 °C to 270 °C leads to an
increase in time stability of the catalyst, decrease in the yield of Cs. hydrocarbons and increase the
yield of ethene and propene. In turn with increase in the (GHSV) of feed gas is an increase in the
rate of deactivation of the catalyst. Slight change in the yield of ethene and butene, the increase in
the yield of liquid products and decrease in the yield of propene.

Conclusions

1. The 0.5% (w/w) Pd/CNFs catalyst has been developed appears to be very effective in the
hydrogenation of acetylene, which was obtained from the gases electrocracking, and thus to the
possibility of synthesis the low molecular weight C,-C, olefins, as well as hydrocarbons Cs..

2. The increase in temperature from 140 °C to 270 °C leads to a sharp decrease in conversion, this
indicates the instability of the catalyst, thus the increase in process temperature lead to increase
in the rate of its deactivation, the experimental results and literary data Indicate that carbon

66



Jornal of kerbala university , vol. 10 no.3 scientific . 2012

deposits on the surface of the catalyst plays an important role in determining the selectivity of
hydrooligomerization of acetylene.

3. It has been shown that at low temperature and even temperature 140 °C formed traces of liquid
products (green oil) , thus suggests that the instability of the catalyst at temperature below 270
OC, it was explained that the adsorption of the formed liquid products having a boiling point
higher than the temperature of the experiment, it was found when increasing the temperature
promotes evaporation of liquid products, these lead to a reduction in the rate coking and
consequently increase the time stability of the catalyst.

4. With the gas hourly space velocity (GHSV) of feed gas from 3300 to 6300 h™, it can be
assumed that with increasing (GHSV) of feed gas leads to increased in the rate of desorption of
intermediates formed from a catalyst surface in relation to rate of reaction of their
decomposition.

5. The material balance of the process after 400 minutes of the catalyst at a temperature 270 °C
and (GHSV) of feed gas 4200 h™ that the hydrogenation reaction and hydrooligomerization
takes only acetylene, as quantities of other hydrocarbons which are present in the feed gas
increasing.
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Figure 1: (a) XRD patterns of Pd-sponge and Pd-ACF under different hydrogen partial
pressures; (b) degree of B — o conversion of Pd hydride phases as a function of H;
pressure. [11]

Figure 2: SEM images of the CNFs obtained
byy-Fe,O3 catalyst at 400 °C, and (GHSV)
1600 h™
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Table 1. Composition of gas electrocracking diesel fraction

component % vol.
H, 61-64
CH, 2.5-3
CoHg 0.4-0.7
CoHy 5-6
CsHs 0.8-1.5
CoH, 27-29

70



no

S

Jornal of kerbala university , vol. 10 no.3 scientific . 2012

|
i~

1
— =]
=1 &
) 1
N 5 6
, r—
i BAE 1 8p -
&
5: Naier
| se
¢ |~ [t Water

released
nto the
ventilation

—

Figure 4. Schematic diagram of the laboratory setup of this study

Storage and pumping of
gas electrocracking.
Three- way valve.

Valve adjustment of
feeding gas.

Rheometer.

U-shaped tube —pressure
monometer.

The electric furnace.

H =
o
o

7. Quartz reactor.

8. Water refrigerator.

9. The collection of

liquid products.
Thermocouple

wire-type k (Chromel-

Alumel).

11.Thermoregulatory-
controller PID-OWEN-
TRM 12.

10.

12

13.

14.

15.
16.

. Laboratory transformer
of a current.
Cylindrical Dewar
flask.

Low-temperature
refrigeration.

Pipette for gas samples.
Drum-type wet gas
meter.

(o]
o

en,%

ydrog

\l
o O

(o2}
o

conversion of h
T O O

a1
o

STT—

e T 140°C
n T270°C

0 40 80 120 160 200 240 280 320 360 400
time (min)

Figure 5. Dependence of the conversion of hydrogen from the time of the process at
different temperatures, (GHSV) of feed gas 4200 h™*

71



Jornal of kerbala university , vol. 10 no.3 scientific . 2012

L T T T 4

LS A R R T T R R
LI A R B B T B - - - - - - - |

100%

i
b

<

o
SRR

T.—. N
Gy

A

%'pIaIA

AL
el
S
R
+ ”..v.t”‘ﬂﬂ.v..‘”‘ft”‘ 3
BRI

SRR
&&wf.www ’

A
Yy
R
+..v.+.f.+..v.+..v.+
Goby
R

300 350

250

200

160

ﬁhﬂm”mw

2

120

.ﬁ..v.- . “”
v
o

80

%

4
A
i

40

time (min)

Figure 6. Change in the yield of the reaction products with time at a

temperature of 140 °C and (GHSV) of feed gas 4200 h™

CiHio
CsHe

100%
90%
80%
70%

CsHg

o
R Y
PR,
ST
N e
SN

\aaaagy
R
} s

S

CH,

0%

300 350

250

200

160

120

80

40

time,min

Figure 7. Change in the yield of the reaction products with time at a

temperature of 270 °C and (GHSV) of feed gas 4200 h™*

72



Jornal of kerbala university , vol. 10 no.3 scientific . 2012

lOOi '\:\:
>80 -

[¢B] i

S ]

EGOj

= ]

Q ]

240i oT 140°C

S 1 #T200°C

£20 | wT240270°C

> -

= ]

80 TT T T 1 T T 1T T [T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1T T 7T7T]

0 40 80 120 160 200 240 280 320 360

time(min)

Figure 8. Dependence of the conversion of acetylene on time of process at
different temperatures,(GHSV) of feed gas 4200 h™

100 — = = =
. -\-\-

80

70

60 ®(GHSV)4200h™
e (GHSV) 6500 h™
50

403\\\H\HH\HH\HH\HH\HH\HH\HH\HH\HH\
0 40 80 120 160 200 240 280 320 360 400

conversion acetylene, %

time(min)

Figure 9. Dependence of the conversion of acetylene on time of process at different
(GHSV) of feed gas, at temperature 200 °C

73



Jornal of kerbala university , vol. 10 no.3 scientific . 2012

C4H10
CsHg
% CsHs
PR CzHe
m T
T T S S S S
40 80 120 160 200 250 300 350 400 CH,4

Figure 10. Change in the vyield of the reaction products with time at a
temperature 270 °Cand (GHSV) of feed gas 4600 h™

74



Jornal of kerbala university , vol. 10 no.3 scientific . 2012

jAbundance

|
§ Trans-3-tetradecyl '

1BDO0OG |
|

Trans-5-dodecene |

1 JUURRS ’

Cisl,4-undecadiene .-?l N’
1600000 | "] ?'
‘ ‘ [
_ ‘ . . [
| 1300000 Cis-4-decene — b Iy
\ I
1400000 f' ‘v
| f
1300000 |
1200000 ‘3
1100008 | 3- nonene ;
? |
10606060 ( '
i \
360000 ‘

f Trans-4-octene |
|

700000 ()

GO0D00 |

500000 | !

00000 3-heptene |

|
{ |
300000 3-hexene \ A

|
| |
| ‘ /
| 200000 o,
I l
[ 100060 /.v’
| |
| - e "'"‘v"f"/ == . : == S — —
Time--= 500 10.0¢ 1500 20.00 25.00 30,00 3500

Figure 11. Chromatogram of liquid products, collected over 400 minutes of process,
temperature 270 °C and (GHSV) of feed gas 4200 h™*

75



Jornal of kerbala university , vol. 10 no.3 scientific . 2012

Table 2.Material balance of process (t=400 min, T=270°C , w=4200 h™

Incoming outgoing
% vol. % mass % vol. % mass

Contents/gas Contents/gas

H, 61.2 10.8 H, 47.1 4.7

CH, 2.5 35 CH, 7.2 5.7

C,H, 53 13.0 CoHg 7.3 10.8

C,H, 29.2 66.8 CyH, 27.3 37.8

CoHg 0.7 1.8 CsHg 4.2 8.7

CsHs 1.1 4.1 (i+a)- C4Hg 3.8 10.5

In total 100.0 100.0 B- C4Hg 1.9 53
n- C4Hyp 0.6 1.7
CsHs 0.6 1.3
> Cs. 13.5
In total 100.0 100.0

Table 3 .Effect of temperature on the yield of the reaction products (w=4200 h™,

t=120 min)
Tempgrature conversio yield, %
€ n COZ)HZ' CH; | C;Hg | C;H, | CsHg | CsHg | X C4Hg | n-C4Hy | Css
140 100 16 | 134 | 27,7 | 15 6,2 21,9 2,8 24,7
180 100 23 | 194 | 280 | 1,4 5,8 23,1 3,1 16,9
200 100 28 | 119 [ 310 | 14 8,8 23,5 2,7 17,9
240 100 42 1108 | 321 | 21 8,3 22,0 2,0 18,6
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