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Abstract

Through adopting the co-precipitation method using K,COsNickel, palladium and
platinum catalysts (every 1 wt.%) On CaO and ZrO; to develop Pt,Pd and Ni /Ca;.
«ZIkO (where x = 0, 0.03, 0, 07 and 0.15) were manufactured. As a precipitate, X-ray
diffraction (XRD), X-ray photoelectric spectroscopy (XPS), Brunauer-Emmett-Teller
(BET), Transmission Electron Microscope (TEM), Programmed H, (H,-TPR) and
thermo-thermal analysis (TGA). Pt,Pd,Ni/CaggsZro150 reported best methane dry
reform (DRM) activity at 98.02% and 85.94% for Carbon dioxide and methane
conversions and 1.14 for H,/CO- ratio at 900 C and 1:1 of CH4:CO; ratio. Various
effects were observed when ZrO, was used as a catalyst promoter. First, the cubic
CaO stage has stabilized. Second, there was an increase thermal stability and basic

support. In the end, carbon deposits and Ni?*, Pd** and Pt** ions have shrunk
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1. Introduction

Because fossil fuel reserves run fast, so alternative energy resources are badly needed .
Thus gases such as CH, and CO, are important alternative energy sources, as they are used as
greenhouse gases . Methane is readily available. As the search for CH, ended with positive
results, and it was found on larger reserves of crude oil reserves. The shale gas and fermenting
waste can also be used to produce methane [1]. Methane is converted into syngas which is a
mixture of H, and CO and through the use of steam, partial oxidation or CO; in DRM it can be
produced. The process of converting methane and carbon dioxide to syngas takes place through
dry reforming. These gases are very cheap and available, most of them contain carbon-containing
materials such as methane, carbon dioxide and greenhouse gases. These materials have very
important environmental effects in this reaction Eq.1, which can be converted into hydrogen as
valuable product. Further, due to its large heat of reaction and reversibility, this process has
potential thermo-chemical heat-pipe applications for the recovery, storage, and transmission of

solar and other renewable energy sources.
CH;+ CO; — > 2CO +2H; AHygg° = 247.0 kd/mol Q)

Industrial gas is an important raw material for the production of chemicals used in industry or for
the production of fuel. In fact, fossil fuels and biomass can become a synthetic gas. For use, for
industrial application purposes of synthetic gas, with different molar ratios of H,/Co. It was found
that the ratio of H,/CO equals 2 as an example for the formation of industrial gas from methanol
[2] . When dimethyl ether dissociation in one step during the process of industrial gas formation,
H,/CO equals 1 [3,4]. The main controller in syngas production process is H,/CO [5]. Noble
elements such as Pt, Rh, and Ru are highly active when interacting with DRM [6]. In addition, it
was found that these minerals are more effective in resistance compared to other transitional
minerals to form carbon on the catalyst [7]. But nickel catalysts are more suitable with noble
minerals such as Pd, Pt, Rh, Ru. It is more persistent in its reactions against coke precipitation and
increases the reaction of catalysts compared to other inappropriate catalysts [8]. For example, it
was found that the catalyst containing Ni, Pt supported by ZrO, is able to maintain a longer period
of activity time compared to the Ni/ZrO, monometallic . Thus, the Ni, Pt catalyst has more
potential for industrial application in a DRM reaction [9]. Besides, the three-metal catalysts Pt,

Pd, and Ni are more active and stable than the mono-metal catalysts [10]. These results support
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the idea that Pt-Pd can be used to prevent nickel oxidation. This reaction was caused by
heterogeneity with CaO that caused an increase in the size of nickel particles [11]. The current
paper describes the synthesis of catalysts Pt,Pd,Ni/Mg;xLaxO (where x = 0, 0.03, 0.07, and 0.15),
each of 1% of the Ni,Pd, and Pt included minerals, through common precipitation processes,
evaluating their activity, stability selection, and ability to reduce carbon deposition in the DRM
reaction on the catalyst. to gain insight into the effect of a factor on Pt,Pd,Ni-catalysts' using
efficiency over a long time during a DRM reaction, XRD, XPS, BET, TEM, H2-TPR and TGA
were used for both reduction and catalytic use. The catalyst used in comparison to previous work

to strengthen the selectivity and stability [12].

2. Materials and Method
2.1 Materials

ZrCly (aq) (99.0%), Ca (NO3),.6 H,O (99.0%) and K,CO3 (99.7%) were obtained from
Merck Company. Pt (CsH705) 2.H,0 (99.0%) and Ni (CsH;0;) 2.H,0 (99.0%) were supplied by
Acros chemicals Company. While Pd (CsH;0;) ,.H,O (99.5%) was obtained from Aldrich

company .

2.2. Preparation of catalysts

The Pt,Pd,Ni/Ca0O1. ZrkO, (x =0.00, 0.03, 0.07, and 0.15).catalysts were prepared in the
laboratory by Co- precipitation method. The support of CaO and promoter zirconia of ZrO, was
prepared according to a literature method [12]. By using a0.1M ZrCl4(aq) Ca(NO3),.6H,0 and 1.0
M K,COs. After filtering the precipitate, the sample was washed with warm water, then dried at
120°C for 12 h. After that, a precipitate was calcined in the air at a temperature of 500 degrees to
get rid of CO, gas for a period of 5 h. Then the sample was compressed with 600 kg/m? in tablet
form. In order to demonstrate mechanical properties and ensure smooth interaction of CaO with
ZrO,, The material was calcinated for 20 h at 1150 °C. Steps were illustrated that included
preparing the catalysts Ni, Pt, Pd (acac), at a concentration of (1% for each Ni, Pd, Pt metal)
where first 1% of Pt (CsH;0,),.H,O was first used and dissolved in dichloromethane for 5 h. to
produce Pt (acac),/CaO;x ZrO . After that, the catalyst was impregnated with 1% Pd and Ni

each. Pd (CsH70,), and Ni (CsH;0,),.H,O solutions were used in dichloromethane for 5 hours to
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prepare the catalysts. The catalysts were dried at 120 °C for 12 h. after impregnation with air.
Finally, catalysts are ground and screened in particles of 80-150 or 150-250 microns in diameter.

2.2. Characterization catalyst

Generally speaking, in this section, a light was shed on a diffractometer (Shimadzu model
XRD6000), which was adopted in this study. The radiation process occurred in a 2.7 kW wide
focus X-ray tube with Philips glass diffraction. The estimation of the crystal dimension is based
on the relationship between Debye-Scherrer. [13]. A monochrome Al Ka (1486.6 ¢V), and two X-
ray sources (Al&Mg) were connected to the Kratos Axis Ultra DLD system. An emission current
of 20 mA combined with 15 kV tension is used to operate the X-ray gun that is the source of
excitement. The mode is based on a fixed analyzer transmission (FAT) for large and small
scanning for this hemispheric analyzer. At 100 eV and 40 eV the power was set. Interesting
region of the Mg2p, La3d, Pd3d, Ni2d, Pt4f and Ol scanning and photoelectron signals are
mutually compatible. Carbon recharge refers to 285 eV binding capacity for adventitious carbon.
The measurement of the active site of the catalyst was performed using the H2-TPR method of
temperature declination involving hydrogen.

The Thermo Finnegan TPDRO 1100, along with a thermal-conductivity detector, was used as an
apparatus to test. In Brunauer-Emmett-Teller (BET), the catalyst 's total area was measured using
a nitrogen adsorption at -196°C. In the meantime, the nitrogen adsorption-desorption analyzer
Thermo Fisher Science S.P.A has been adopted for research Model: Surfer Analyzer. Diagnosing
the crystal-system and the catalyst's homogeneity by the unit, transmitting electron micro (TEM)
(Hitachi H7100, TEM with an. voltage of 10 MV).

In general, Mettler Toledo TGDTA (Pt cruples, Pt / Pt-Rh thermocouple) and a heating range of

50-1000 degrees Celsius were used to conduct thermosgravimetric analysis (TGA).

3. Results and Discussion
3.1 Characterization of the catalysts

3.1.1 XRD patterns

Catalysts contain CaO and ZrO, are shown in Fig.1 (a-d) XRD patterns. Diffraction values have
been observed at 20 = 23.2°, 29.5°, 35.9°, 39.5°,43.2°, 47.2°, 48.5°, 64.7°, and 65.6°. These
values are attributed to the cubic shaped calcium oxide (JCPDS file no.: 00-002-0629).
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Meanwhile, the peaks recorded at 20 =22.19°, 31.1°, 31.5°, 33.9°, 50.8°, 55.5°, 56.7°, 65.8°, and
74.75°. Were due to the cubic form of ZrO, (JCPDS file no.: 00-003-0719). Due to the cubic (Ca-
zr-O) catalysts the peaks recorded at 20 = 11.6 °, 11.7 °, 17.8 °, 28.6 °, 45.1 ° and 62.3 ° were
most common . As for catalysts containing 1% of Pt, Pd, Ni, there were no diffraction values in
all patterns. The absence of diffraction peaks is due to the use of a very small amount of metal in
the catalyst, where the percentage used for the metal is 1%. This comment was close to Grange 's
conclusions [14]. Using the Debye-Scherrer equation, maximum diffraction of XRD patterns was
determined. Whereas the diffraction values obtained from the equation were used to determine the
average size of the crystalline. We observe an inverse proportion between the crystal size and the
increasing amount of ZrO, in the catalysts through the results calculated in the Debye-scherrer
equation. This is happened by reducing Pt, Pd, Ni on a surface of a sample that leads to the
growth of calcium oxide crystals. The crystal size for the following catalysts was 41.0, 43.2, 39.2
and 37.2 nm,

(a) Pt,Pd,Ni/Ca0, (b) Pt,Pd,Ni/Cage;Zr* 000, (c) Pt,Pd,Ni/Cages Zr*"50;0, and (d) Pt,Pd,Ni/

Caggs Zr* 0150 respectively:
On that account, the cubic crystal system is the most prevalent of all the samples. This outcome is

confirmed by cubic particles observed by TEM.
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Fig. 1: XRD patterns of the catalysts : (a) Pt,Pd,Ni/CaO, (b) Pd,Pd,Ni/ Cage;Zr** 000, (c)
Pd,Pd,NI/ Ca0_932r4+0_070, (d) Pd,Pd,NI/ Cao_852r4+o_150

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 79
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).




Basrah Journal of Science Vol. 38 (1), 75-97, 2020

3.1.2 H-TPR

The following catalysts were examined for their reductive behaviour by TPR Pt,Pd,Ni/CaO
(a) Pt,Pd,Ni/Cap.g7 Zr* 0030 (b) Pt,Pd,Ni/ Cages Zr**0.670 (c) Pt,Pd,Ni/Ca g5 Zr* 9150 (d) Fig. 2 a-
d and Table 1 showing the features of TPR for these catalysts. fig. (2a) The TPR profile of
Pt,Pd,Ni/CaO showed three well defined reduction peaks. At 126 °C was the first reduction peak.
This result describes the PtO reduction in the production of Pt°, compared to Mahoney et al. [15]
that identifies PtO species reduction at 114 °C. For the second peak at 145 °C, PdO will be
reducing back to Pd°. As for the final peak, the strong overlap of materials supporting production
of Ni was recorded in the temperature range of 557 ° C. This can occur in few types of nickel
oxide. In a study conducted by Bao et al. [16], The NiO for the Ni/ZrMgAl catalyst is observed to
be reduced at 516 °C. Fig. 2 b-d and Table 1 extend the ZrO, promoter TPR catalyst profile. The
catalyst TPR file (fig. b, ¢, and d) are not same to that of the catalyst of Pt,Pd,Ni/MgO. One of the
divergences rests on the number of peaks. Five peaks revealed results. The first three peaks of the
Pt,Pd,Ni/ Mgo_g7|_a23+o_0303 catalyst were recorded at 117, 157, and 413 °C. The catalyst of the
Pt,Pd,Ni/Mgo_93L3.3+o_0703 demonstrated peaks at 121, 159, and 435 °C, while peaks of the
Pt,Pd,Ni/ MgogsLa**01505 catalyst was discovered at 108, 162 and 405°C. This is due to the
reducing in PtO, PdO, and NiO through the surface layer of the catalyst to gain the Pt°, Pd®, and
Ni° elements, respectively. As far as the fourth peak of the catalyst (fig. b, ¢, and d) is concerned,
it was recorded at a temperature were 541, 570 and 573°C, respectively. The returns concur with
the shortened amount of ZrO, on the surface. There are some basics that explain this event.
Through MgO integration and the lateness of sintering process the first basic could be connected
to the well-distributed ZrO, particles [17]. The other basic may describe the interference among
ZrO, , Pt, Pd and Ni metals behave vigorously during the overlapping of PtO, PdO, NiO, and
ZrO, when they share the peaks. At 606, 621 and 622°C respectively, the fifth peak was
composed. There are strong interactions between ZrO, species and CaO help with reduced ZrO,
size. When the promoter load increased, the catalysts show a high degree of reduction ability. This
was similar to the results of previous studies. Roberto, et al. [17]. Lanthanum was reduction at
490 and 790 °C It was reported. The returns of the promoters also revealed that the supporting and
the interaction between the support for Pt , Pd and Ni loaded species was strong. Another result
reported in the TPR file was that it had a large peak that appeared at a temperature ranging from
684 to 737 C. Therefore, ZrO, alone was able to reduce the temperature [18]. The addition of
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ZrO, promoter was also found to increase the reducibility of MgO-supported catalysts. A more
contact with the ZrO, promoter is evident from Cal-x Zr**xO, which has more simple than CaO.
As a consequence, the redox property of Cal-x Zr**xO has reduced PtO, PdO, and NiO
significantly [19]. In the process of reducing the catalysts (fig. a, b, ¢, and d) the total amount of
H, absorbed was determined by the total peak area. For the catalysts 511.3, 763.1, 862.6 and
993.3 umol / g respectively, the measurement was reported. The most active catalyser according
to H,-TPR results was PT,Pd,Ni/CaggsZr*" 0150, suggesting the most appropriate DRM reaction

catalyst.

Table 1: H,-TPR values of the different catalysts

Amount of
T T T T T Adsorbed
emp. emp. emp. emp. emp.
Catalysts oc oc oc oc oc H, gas
(hmol/g)

e | =] =] | | =

Pt,Pd,Ni/Ca 0.97
Zr* 0,030 117 157 413 541 763.1
Pt,Pd,Ni/ Ca o3
Zr** 6070 121 159 435 570 621 862.6
Pt,Pd,Ni/ Caggs
Zr** 0150 108 162 405 573 *622 993.3
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Fig. 2:H,-TPR profiles of catalysts reduced in a (5 % Ha/Ar) stream at a temperature ramp of 10
°C/min

3.1.3 BET surface area
Table 2 shows the pore radius, pore-volume, and surface area of the support CaO and for

the Pt,Pd,Ni/Ca;.xZrcO catalysts (where x =0.00, 0.03, 0.07, and 0.15). The Pt,Pd,Ni/CaO catalyst
with a TEM-supported cubic construction recorded a surface area at 14.06 m?/g. As for the CaO-
supported surface area was 12.1 m?/g recorded. The former recorded the effect of Pt , Pd, and Ni
loads on the fixed surface of the CaO support with a higher value . At that state, the Pt, Pd, Ni
/Ca0 surface areas, at 15.04, 16.55 and 19.35 m?/g respectively, were substantial lower than the
classic catalyst (b, ¢ and d). The main motive of this condition is the presence of layers of Pt, Pd,
Ni particles that moderately contain the pores of magnesia.. The BET surface of CaO stimulated
by ZrO, was almost identical to a common binary supporting Pt, Pd and Ni catalyst [20].
Meanwhile, very low metal distribution and small areas of Pt and Pd with small Ni particles were
formed by the lineaments of the supported Pt , Pd and Ni catalysts of a cubic structure. The result
is that the CaO supports ZrO, promoters with remarkably reactivity between the Pt,Pd, and Ni
layers. The pore volume was 0.037 and 0.052 cm®/g , respectively, of the catalysts Pt, Pd,Ni/Ca
09320670, partially less than the pore volume Pt, Pd ,Ni was 0.066 cm3/g Pt,Pd,Ni/Ca
08521 0150 was the catalyst of the catalyst pore. Such findings varied from Faris et al ‘s analysis
[21], Where Zr; CaNiO; catalyst pore volume amounted to 0.51 cm®g. Table 2 showed the
pores of different catalysts. The CaO support pore radius was 9.9, A while the Pt, Pd, Ni / CaO
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the terms and conditions of the Creative Commons Attribution-
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).

82




Basrah Journal of Science Vol. 38 (1), 75-97, 2020

catalyst pore radius was 28.48 A . The radius of the other catalysts is mutually proportional and
that of the promoter ZrO, is growth. The pore radius of the catalysts (b, ¢, and d) were 39.40 A,
33.15 A, and 21.30 A, respectively [22]. Those data tend to be the strongest operation in DRM
reaction in contrast to other catalysts for Pt,Pd,Ni/CaggsZr** 0150 catalyst with a high surface
area.

Table 2: The main textural properties of fresh catalysts

Specific surface || Pore volume Pore radius
Sample name
area (m2/g) (cm®/g) (A)

Pt,Pd,Ni/CaO 14.06 0.13 28.48

Pt,Pd,Ni/Ca g7 Zr* 9030 15.04 0.037 39.40
Pt,Pd,Ni/Ca g3 Zr* 9670 16.55 0.052 33.15
Pt,Pd,Ni/Caggs Zr*"9150 19.35 0.0.66 21.30

3.1.4 TEM characterization

Figure 3.a-d illustrate TEM photo of Pt,Pd,Ni/CaO (a), Pt,Pd,Ni/Cagg7Zr**0eO (b),
Pt,Pd,Ni/ CagesZr**0,070 (c), and Pt,Pd,Ni/CaggsZr* 9150 (d) Cubic form catalysts. At 1150 °C the
catalysts underwent a calcination process without the use of free ZrO2 with uniform particle
distribution .The formation of solid solutions [23], CaO-ZrO; is seen on the Pt , Pd and Ni layers
of the sponsored metal by figures from a-d with cubic form oxide molecules. Catalyst Pt, Pd, Ni/
CaggsZr* 150 Fig.3d. 1% dispersion of Pt, Pd and Ni metal particles for each carrier of CaO-
ZrO; in sizes in the range from 45 to 85 nm . As well, TEM analysis showed induced growth with
nanoparticle agglomeration on a specific area between the mineral crystals in the catalyst
Pt,Pd,Ni/CaggsZr**0150 The distribution of image sizes in TEM demonstrated more specificity
and precision, as the metallic Pt, Ni and Pd stimulates this form of development [24]. Fig.3 a-d
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exhibits the TEM results that match the XRD data. These results demonstrated that not only was
Ca—Zr —O complex, but also cubic, similar to CaO and ZrO.

Fig.3: TEM image of catalysts, (a) PtPd,Ni/CaO, (b) PtPd,Ni/Cagg7Zr* 00, (c)
Pt,Pd,Ni/Cag g3Zr* 0,070, (d) Pt,Pd,Ni/ Cag gsZr**.150,

3.1.5 Thermal analysis

Figure 4. a-d explain TGA for the Pt,Pd,Ni/CaO (a), Pt,Pd,Ni/Cao.g7Zr**0.030 (b), Pt,Pd,Ni/
CanesZr* 0070 (), and Pt,Pd,Ni/ CaggsZr**o150 (d) catalysts. Results obtained in thermal
processes indicated weight loss, and that occurred in only one stage . 30% the amount of weight
loss in relation to catalysts a, b, ¢ and d at temperatures from 423 to 433°C . The result was due to
the elimination of the Pt,Pd,Ni/Ca;xZr«O catalyst from the calcium hydroxide. Involve weight
loss at 18.9, 17.6, 7.2, and 15.9%, respectively. On the other hand, Pt,Pd,Ni/CaO (a), Pt,Pd,Ni/

Q o . L
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Cao.esZr* 0070 (b) catalysts see Fig. 4 ¢, d with more weight loss at 18.9 and 17.6%, respectively.
This effect is due to the removal of O, atoms from the catalyst. Preliminary results revealed
through the graph that the full of compound weight shows a small increase, owing to the nitrogen
gas that is found in the engine adsorbed . At 600°C all the samples stay stable. This result was
due to the more melting point of calcium oxide and ZrO, at 2572 and 2177 °C, respectively. From
Figure 4.a-d, the catalyst components interacted well with each other. These results are similar to
those of Komarala et al.[25].
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Fig. 4: TG of the catalysts: (a) Pt,Pd,Ni/CaO , (b) Pt,Pd,Ni/Cag g7Zr* 0,030 , (c) Pt,Pd,Ni/Cag g3
Zr** 4670 , (d) Pt,Pd,Ni/Caggs Zr**0.150

3.2 Catalytic performance in biogas reforming

3.2.1 Effects of concentration of catalyst on conversion

The effect of changing catalyst concentration levels can be illustrated by fig. 5 and table 3
during the conversion process . The catalysts are arranged according to their conversion ability
methane, carbon dioxide and H,/CO ratio as follows , Pt,Pd,Ni/CaO < Pt,Pd,Ni/Cag¢7Zr** (030 <
Pt,Pd,Ni/Cag.e3Zr** 0070 < Pt,Pd,Ni/ CaogsZr**0150. The key catalysts, namely, Pt and Pd with Ni
and the support, CaO- Zr**O, were combined together. At a pressure of 1 atm and temperature
900°C with a reaction ratio (1:1) experiments were performed to convert (CH4:CO;) as in fig. 5
and table 3. The highest reading of 85.94% was recorded for the catalyst Pt,Pd,Ni/CaogsZr*0.150
in methane conversion, whereas the lowest reading was 83.28% for the catalyst Pt,Pd,Ni/CaO .
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Results after 200 hours revealed that many of the promoted catalysts showed slight deactivation .
In general, the process of converting carbon dioxide is more stable than converting methane. The
highest rate of CO, conversion ratio was recorded by the catalyst Pt,Pd,Ni/CaggsZr**o.150 where it
was 98.02% while the catalyst Pt, Pd,Ni/CaO showed the lowest conversion rate where the ratio
was 96.16% . It was found that the more effective catalyst in the conversion operations is
Pt,Pd,Ni/ CapgsZr**0150 through the results obtained. Fig. 5 and table 3 show the H,/CO ratio
value which was more than (1). The process of converting carbon dioxide using Ni metal only
was less positive compared to those three-metal catalysts, and this is what the results indicated in
previous studies.[15] However, evidence of change in side reactions suggested by discrepancies
between conversions and product performance was observed. When the increase in the level of
the concentration of zirconium oxide as shown in table 3 ,the conversion its increase in rate of
CH,4 and CO, as well as the H,/CO ratio is followed. The Pt, Pd and Ni/CaggsZr** 4150 catalytic
converter delivers excellent on-site results with the majority of H,-TPR activities and excellent
BET results on a large surface area. This event shows that adding ZrO, to CaO catalysts can
significantly reduce the reverse water gas reaction (RWGS) to EQ.8.
CO;+H; —> CO +H,0 AH9g = 41.0 kd/mol (8)

The results showed that the heavy interference between the ZrO, promoter and the CaO
support in the solid solution affects the rate of CO, formation in the DRM reaction. The findings
are as follows: the molar ratio in the catalyst is 0.15:0.85, the maximum surface area is (19.35) m2
/ g and the location with the highest operation is (993.3) pmol / g of the total quantity of Hp-
Evidence of consumption for the H,-TPR test is given. Table 1 . The process of building a solid
solution was therefore critical for the development of active CO,-reforming methane centers. The
presence of the full promoter ZrO, as a solid solution stabilized the two oxides. When hydrogen
was reduced at 700 °C, the CaO-ZrO, catalyst only shrank the surface layer of the solid ZrO,
solution . Moreover, An obstacle to Zr sintering occurs because Zr locations remain close to the
solid solution [26]. In addition, locations that impaired the catalytic process were located in Pt, Pd
and Ni particles, which induced extensive contact between the molecules Pt , Pd, Ni and CaO-
ZrO,. When the concentrations of Pt, Pd and Ni in the carrier increased, the conversion and
selectivity of CH4 and CO, showed no significant change. This can be due to the development of
nanoparticles, which is the product of XRD (the equation of Debye-Sherrer) and TEM Table 2
tests. Although X-ray diffraction has been used for a simplified and possible estimate of the

crystal size from the expansion of X-ray diffraction reflections using the Scherrer equation,

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 86
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).




Basrah Journal of Science Vol. 38 (1), 75-97, 2020

nanoparticles have been preferred for particles . Increasing the surface area and securing more
reactions was done by selecting nanoparticles as catalysts in this study . In addition, these
catalysts have the ability to effectively disperse Pt, Pd and Ni metals on the catalysts surface .
These catalysts also form Lewis bases with the support metal oxide . In addition, increased
support for the Lewis bases improved the catalyst's ability to absorb CO, in the DRM reaction.
Afterwards, carbon dioxide production resulted as the adsorbed CO, interacted with dissolved
carbon eq. 9 Or less than a coke.
CO,+C—> 2CO AH®gg= *172 kJ/mol 9)

Carbon precipitation is prevented or reduced using CaO which is a strong base and has
high absorption of carbon dioxide . In addition, lesser zirconium particulates are often formed in
the upper layer compared to the non-adulterated ZrO, particles, due to the difficulty of reducing
the solid ZrO,- CaO solution [27,28]. When the foundations of the surface combine with small
metal particles, the CaO-based solid catalyst can more effectively prevent carbon deposition .
There are many obstacles in TEM images, despite the most realistic and accurate distribution .
Since particle size is involved in the reactive behavior, the best readings were obtained for CH,
and CO; conversion . In addition, steroid minerals Pt, Pd and Ni were produced on the basis of the
Debye-Sherrer equation and the support of TEM analysis. The metal was as large as
nanoparticles. The particle size therefore is important for reaction activity. Other results showed
that when the particle size was reduced to a nanoscale, an increase in the conversion of the
reactive and selective substances was observed. The results of other activities recorded at 993.3

umol/g in the active sites and 19.35 m?/g in surface tables 1 and 2 supported this result.
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Fig.5. The effect of using different catalysts (a) Pt,Pd,Ni/CaO, (b) Pt,Pd,Ni/ CaggrZr* 4030, (c)
Pt,Pd,Ni/Cago7 Zr* 00703, and (d) Pt,Pd,Ni/Capgs Zr**0.150, on CH,4, CO, conversion and H,/CO
ratio at 900 °C for the 1:1 ratio of CH:CO,

Table 3: The catalytic results of DRM reaction for the catalysts at 900 °C for the (1:1) ratio
of CH4: CO,

CH., CO, H,/CO
Catalyst
Conversion % Conversion % Conversion %

Pt,Pd,Ni/CaO

Pt,Pd,Ni/Cag 97Zr*" 0,030

Pt,Pd,N i/CB.o_93
Zr*0.070

Pt,Pd,Ni/Cag g5
Zr4+0,150
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3.2.2 Effects of temperature on conversion

At a temperature of 700-900°C, selective results and catalyst activity Pt, Pd, Ni/CaogsZr**
0150 are shown as in fig. 6. When the temperature increases from 700-900 °C, the conversion
ratio (1:1) CO,: CH, increases. The strong endothermic reaction like eq.1 and a greater
temperature increase during DRM led to an increase in the conversion ratio CH,;:CO,. In earlier
work this phenomenon was recorded [29]. If a temperature of 700-900 °C was reached, the
methane conversion rate increased from 51.75-85.94% for the catalyst Pt,Pd,Ni/CaggsZr**o.150.
The same applies to the conversion of carbon dioxide, which increased from 73.53-98.02%.
While there was no significant increase in methane and carbon dioxide conversions for
temperatures in excess of 900°C. Fig.8 displays the catalyst H,/CO ratio at different
temperatures. The H,/CO ratio of the samples was less than 1 when the temperatures were below
900°C . The result was eg.8 (RWGS). More H2 was used when CO was manufactured and the
H,/CO ratio was decreased. The H,/CO ration for Catalyst Pt ,Pd,Ni/ CaggsZr*" 0150 was 1,14
when the temperature was 900 °C, and this result shows that the response was eq. 8 (RWGS) has
a minor effect [30]. Because the CO concentration will remain low while the hydrogen

concentration will rise, then the H,/CO ratio will be high.

100 2
mCH4 B CO2 mH2/CO

950 o k1.8

80 o k1.6
2 70 L 1.4
=
8 60 1 L 12 .E’
7
E 50 o 1 g
= 40 F 0.8 ©
S 2
O 30 9 L 06 &

20 o = 0.4

10 + = 0.2

0 = =

700 800 900

Tempratur (°C)

Fig. 6: The influence of temperature on the catalytic activity of the Pd,Pd,Ni/CaggsZr* 9150
catalyst, (1) 700 °C, (2) 800 °C, (3) 900 °C for the 1:1 ratio of CH4;:CO,

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 89
NonCommercial 4.0 International (CC BY-NC 4.0 license)

(

http://creativecommons.org/licenses/by-nc/4.0/).




Basrah Journal of Science Vol. 38 (1), 75-97, 2020

3.2.3 Stability tests

The result getting from the test which includes temperatures is shown in fig. 7. At a
temperature of 900°C, the results showed that the conversion rate of CH,; and CO, was
high because nickel has the best conversion compared to other minerals due to its size and high
density of positive charge, so the mechanism is the interaction between the methane molecule and
the nickel surface [31]. Desorbed species of hydrogen and CHy (x=0 -4) produced; carbon
deposits on the Ni-metal surface, if x=0, CHy produced [32]. Eq. 10-14. are shown below:

CHs+2Ni @y ——>  CH;Ni (a9 + HNi (a) (10)
CH3Nigas) + Ni ay ——> CH:Ni (ag) + HNi (o) (11)
CH2Nigas) + Ni a5 — > CHNi (a5) + HNi (g5 (12)
CHNigs) + Ni 5 ——>  CNi (ag) + HNi (a) (13)
2HNi (g ——>  Ha + 2Ni ) (14)

as = (active side)

Metal active site Nakamura et al.[33] Identified the effects of a promoter on the catalyst during
DRM by increased Pt , Pd and Ni dispersion. Activation of CO, on a support-promoter mixed
with mineral particles to form carbonate types is one of the indicated effects. Subsequently, to

form carbon monoxide the CHx species reduced the carbonate substrate eq. 15-19.

COz2) —>  COx(suppor) (15)
CO2(g) (support) + O (suppory ——> CO3 (support (16)
2H(meta) ——> 2H support) (17)
CO3-2(5UPF)0”) + 2H(supporty —> HCOZ-l(SUpPOFt) + OH-l(SUPPO"t) (18)
COpuppoy ——> CO(y (19)

It is recognized that the catalyst decreases its stability when depositing carbon on the
metal surface, but the catalyst is activated with the presence of ZrO, that removes the deposited
carbon . When carbon dioxide and methane as well as the H,/CO ratio are converted for 200 hours
or more, we will have coke, so to resist the formation of coke and provide a very stable platform,
a ZrO, promoter should be present mainly in the catalyst. During the DRM reaction the carbon
formed on the catalyst was removed by ZrO,. Furthermore, in the presence of ZrO2, improved
CO2 adsorption could increase the basis. The development of carbonate material, in particular
ZrO,, was accompanied by this process and could break down CO, to CO and O. The atom O is

eventually moved to the promoter Zr. The precipitate is deposited on the metal catalyst CO in the
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final stage resulting from the O atom with the precipitated [34]. Based on the results, the catalyst
has demonstrated a significant decline in carbon deposition

eq. 20-21.
Co2(g) _—> Co(support) + O(promoter) (20)
C(metal) + O(promoter) _— CO2(g) (21)

The conversion rate of both CH4 and CO, decreases in the case of a high concentration of
ZrO,, but in the case of a decrease in the concentration of zirconium oxide, it indicates a
conversion of CO; in active formation of strong ionic oxides like ZrO.COs, attracting CO, to the
top catalyst layer, and increasing the conversion rate CH, thereafter . The high electronic density
Pt, Pd, Ni can cause a decrease in ZrO, concentration [35]. The decomposition of ZrO.COs;
species in DRM led to the production of carbon dioxide and the types of oxygen that interact with
Pt, Pd and Ni-ZrO.COj3 carbon deposits, reliving Pt, Pd and Ni sites of activity. Adsorbed carbon
dioxide was also facilitated by the ZrO, supported catalysts. The separation of lanthanum
adsorption improves the dispersion stability of small mineral particles, in addition to its
promotional effect on CO,. Zirconium is essentially an oxide that has been shown to react
strongly during the supporting process of minerals, and significant surface properties changes
have occurred, in both oxides and minerals [36]. It was found that mono-metallic catalysts such as
Ni or Ni-Pd as well as with bimetallic catalysts such as Ni-Pt were less active and stable
compared to three-metal catalysts Ni, Pd, Pt with high results as in table 2 and fig. 6. This can be
attributed to the fact that Pt and Pd are working to transfer the electronic density to the metal Ni,
which is the main catalyst in the triple catalyst, as explained in the previous work. This result is
compatible with the theory of nickel oxidation by Pt and Pd thus increasing the electron density.
[37,38]. The reducibility of Ni increases when the bi-metallic Pt-Ni or Pd-Ni cluster is
established. In such situations, the laboratory operations become more and more reliable than 200
h.[14,39].
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Fig. 7: Stability tests of Pt,Pd,Ni/Capgs Zr**¢150 catalysts at 900 °C for the 1:1 ratio of CH,:CO»,
for 200 h. (GHSV = 15000 ml.gcat-1.h-1, atmospheric pressure)

4. Conclusion

In order to produce synthesis gas, dry reforming of methane was conducted on Ni
Pd,Pt/Ca;.x ZrkO catalysts. The catalysts were fabricated using co-precipitation process with
K.COgs as precipitator. The XRD, H,-TPR, BET, TEM and TGA catalysts have their physical and
chemical properties. The most high activity was revealed by the Ni, Pd, Pt/CaggsZr** o150
catalyst, resulting in supportive CO, and CH,4 conversion rates of 98.02 and 85.94 percent, and an
adequate H,/CO ratio of 1.14 at 900°C and 1:1 at CH4:CO, temperature. The different results of
catalysts disclosed that the catalytic properties of catalysts strongly rely on the type and

concentration of the promoter. Catalyst stability Ni,Pd,Pt/ CaggsZr* o150 was investigated for 200
hours.
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