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Abstract
In this study the synthesis, characterization and catalytic performance of CeO2 (Ceria) supported Co catalyst was investigated.  First, the ceria was synthesized by direct thermal decomposition of Ce(NO3)3.6H2O and subsequently impregnated with 20 wt.% Co using aqueous solution of Co(NO3)2.6H2O as a precursor. The synthesized catalyst was characterized using TGA, N2-adsorption-desorption, X-ray Diffractometry (XRD), Field Emission Scanning Electron Microscope (FESEM-EDX), and Fourier Transformation Infrared (FTIR). The catalytic property of the ceria-supported cobalt catalyst was tested in methane dry reforming using a stainless steel fixed bed reactor. The dry reforming reaction was performed at the temperature range of 923-1023 K under a controlled atmospheric pressure and constant gas hourly space velocity (GHSV) of 30000 h-1. The effects of reactant (CH4 and CO2) feed ratio was investigated on reactants conversion, product yields, and selectivity. The ceria-supported cobalt catalyst recorded highest catalytic activity at a CH4: CO2 ratio of 0.9 and temperature of 1023 K. The highest values of 79.5% and 87.6% were recorded for the CH4 and CO2 conversions respectively. Furthermore, highest yields of 41.98% and 39.76%, as well as selectivity of 19.56% and 20.72%, were obtained for H2 and CO respectively. Syngas ratio of 0.90 was obtained from the dry reforming of methane, making it suitable as feedstock for Fischer-Tropsch synthesis (FTS). 
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Abstrak
Dalam kajian ini, sintesis, pencirian berserta prestasi tindakbalas pemangkin Co/CeO2 telah dijalankan. Terdahulu, ceria disintesis daripada penguraian terma secara langsung ke atas Ce(NO3)3.6H2O, diikuti oleh formulasi dengan 20% logam Co menggunakan larutan akueus Co(NO3)2.6H2O sebagai pelopor. Mangkin yang diperolehi dicirikan dengan menggunakan kaedah TGA, N2-penjerapan penyaherapan, pembelauan sinar X (XRD), Mikroskop Pengimbas Elektron Pancaran Medan – Sinar-X Serakan Tenagan (FESEM-EDX) dan Inframerah Tranformasi Fourier (FTIR). Prestasi pemangkin Co/CeO2 telah diuji untuk tindakbalas penghasilan metana kontang di dalam reaktor keluli tahan karat. Tindakbalas kimia tersebut telah dijalankan pada suhu berjulat daripada 923-1023 K, tekanan 1 atm serta GHSV bersamaan 30000 h-1. Kesan nisbah reaktan (CH4 and CO2) terhadap penukaran reaktan serta hasil dan pemilihan produk telah disiasat. Mangkin Co/CeO2 mencatatkan aktiviti pemangkin paling tinggi pada nisbah CH4/CO2 bersamaan 0.9 dan suhu 1023 K. Penukaran CH4 and CO2 mencatatkan nilai tertinggi bersamaan 79.5% dan 87.6%. Tambahan pula, hasil tertinggi bersamaan 37.6% dan 40% berserta sifat pemilihan bersamaan 19.56% dan 20.72% untuk H2 dan CO telah direkodkan. Nisbah gas sintesis bersamaan 0.9 telah diperolehi daripada penghasilan semula metana kontang bersesuaian untuk tindakbalas sintesis Fischer-Trosch.

Kata kunci: ceria, kobalt, sintesis Fischer-Tropsch, penghasilan semula metana, gas sintesis



Introduction
The utilization of energy derived from fossil sources as transportation fuel has been one of the major concerns of researchers in the past five decades [1,2]. This is due to the emissions of greenhouse gases such as CO2 into the biosphere during the combustion of these fuels [3,4]. Several reports have shown that these greenhouse gases are the main causes of global warming through “greenhouse effect” [5–7]. Efforts of researchers have been concentrated on how to mitigate the emissions of these greenhouse gases [3,8,9].  Methane (CH4) is one of the key components of greenhouse gases as well as a major source of fossil fuel [10]. It is inexpensive and abundance in nature, hence a good building block for C1 chemistry [11]. One way to mitigate the emissions of the greenhouse gases, as well as increasing energy output via dry reforming process [9].

Dry reforming of methane depicted in Equation (1) has received wide research attention due to its advantage to utilize both CO2 and CH4, the two principal components of greenhouse gases for production of synthesis gas (a mixture of H2 and CO) [12–14]. This syngas can be used as chemical intermediates for the production of synthetic fuel via Fischer-Tropsch synthesis (FTS) [15,16]. 

	∆	=261kJ	      				   (1)

Dry reforming of methane as a highly endothermic process is majorly constraint with catalyst deactivation from sintering and carbon deposition [17,18]. There have been concerted efforts by researchers in the field of catalysis in designing and developing catalysts with high activity and stability to overcome challenges of sintering and carbon depositions [19,20].

Up to date, the activity and stability of supported metal-based catalysts such as Pt, Pd, Ru, Rh, Ir, Ni and Co, have been investigated for dry reforming of methane [21]. Reports have shown that supported noble metals catalysts such as Pt, Pd, Ru, Rh, and Ir are very active and highly stable during dry reforming of methane [22–24]. However, these noble-metal catalysts are not readily available and very expensive [25]. Hence, the application of these noble metals to catalyze dry reforming of methane will not be economical in the event of scale up. Supported Ni-based catalysts have high activity and are inexpensive [26]. Nevertheless, the usage of Ni-based catalysts in dry reforming of methane has been constraint by their susceptibility to catalyst deactivation via sintering and carbon depositions [27]. Supported Co-catalyst which is less expensive compared to noble-metal catalysts has been reported as a good alternative to Ni-based catalysts in terms of stability [28]. 

In addition to using good metal-based catalysts, its play a significant role in enhancing the thermal stability of catalysts during dry reforming of methane [29]. Reports have shown that efficient dispersion of active metals on supports such as SiO2, α-Al2O3 CeO2, La2O3 and ZrO2 to a large extent affect the pore morphology, confinement and chemical effect of the catalysts [30]; [14]. This will invariably retard coke formation as well as reduce the tendency of the active metal to sinter. The use of ceria (CeO2)-supported Co catalyst has been extensively studied for ethanol steam reforming [31–33]. However, there are limited studies on the dry reforming of methane over ceria supported Co catalyst [34, 35].

This present study focuses on the synthesis, characterization and catalytic performance of ceria supported Co catalyst for dry reforming of methane. The ceria support was prepared by thermal decomposition of cerium (III) nitrate hexahydrate and subsequently used for the synthesis of the Co/CeO2 catalyst via wet impregnation method [36]. 

Materials and Methods
Catalyst synthesis 
The schematic diagram depicting the steps involved in the catalyst synthesis is shown in Figure 1. First, the ceria support used for the catalyst synthesis was prepared by thermal decomposition of Ce(NO3)3.6H2O (99.99% trace metal basis, Sigma-Aldrich) at 773 K for 2 hours to obtained CeO2 powder [36,37]. The CeO2 powder was subsequently impregnated with aqueous solution of Co(NO3)2.6H2O (20 wt% Co loading) by wet impregnation method and then stirred continuously for 3 hours at room temperature. Thereafter, the mixture containing the catalyst precursor and the support was dried at 393 K for 24 hours and then calcinate at 873 K for 5 hours. 

Catalyst characterization 
The physicochemical properties of the fresh 20 wt% Co/CeO2 catalyst were determined by temperature programmed calcination using thermogravimetric analyzer (TA instrument, Q 500). The catalyst sample was heated from 298 to 1173 K at heating rates of 10, 15 and 20 K/min. The specific surface area, pore volume and average pore diameter of the catalyst were measured by N2 adsorption-desorption isotherm at 77 K using Thermo Scientific Surfer Analyzer. Prior to the N2 adsorption-desorption experiment, the catalyst was degassed at 573 K for 3 hours. Phase identification, as well as the crystallinity of the 20 wt% Co/CeO2 catalyst, was determined by Rigaku X-ray powder diffraction analysis (XRD) (Miniflex II) with Cu Kα (45kV, 0.154 nm) radiation.

The morphology and elemental composition of the catalyst sample were carried out using JEOL FESEM (JSM-7800F) equipped with EDX. Temperature-programmed reduction (TPR) of the fresh catalyst was performed in a fixed bed reactor.  The catalyst weighing 200 mg was heated from 373 – 1073 K in a flow of 60 ml/min of H2/N2 (1:5). The amount of hydrogen consumed was measured using gas chromatography (GC) equipped with thermal conductivity detector (TCD). The GC consists of two packed columns namely Supelco Molecular Sieve 13x (10 ft × 1/8 in OD × 2 mm ID, 60/80 mesh, Stainless Steel) and Agilent Hayesep DB (30 ft × 1/8 in OD × 2 mm ID, 100/120 mesh, Stainless Steel). Helium gas with flow rate of 20 ml min-1 was used as the carrier at operating column temperature of 393 K.
The nature of chemical bond of the catalyst was measured using Perkin Elmer Fourier transform infrared (FTIR) (Nicolet iS-50) spectrometer. The sample was analysed using an attenuated total reflectance (ATR) method within 4000-400 cm-1. 
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Figure 1. Schematic diagram of steps involved in the synthesis of the 20 wt% Co/CeO2 catalyst

Catalyst activity test
The catalyst activity test was performed in a stainless steel fixed bed reactor under controlled atmospheric pressure. The stainless steel tubular reactor was loaded with 200 mg catalyst sample supported with quartz wool. The fixed bed reactor was positioned in a furnace equipped with a Type-K thermocouple to monitor the temperature of the catalytic bed. Prior to the commencement of the activity test, the catalyst was reduced in situ in a flow of 60 ml/min of H2/N2 (1:5) at 873 K for 1 h. The flow of the reactant gases (CH4 and CO2) into the reactor was monitored using Alicat digital mass flow controller. The dry reforming of methane was performed at varying feed ratios ranged 0.1-1.0 and reaction temperature ranged 923 – 1023 K. The compositions of the reactant gases as well as the products (H2 and CO) were monitored using GC-TCD. The activity of the catalyst was measured based on the conversions of the reactants, the yield, and selectivity of the products formed as shown in equations (2) – (7). 
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= inlet molar flow of CO2;= outlet molar flow of CO2; = inlet molar flow of CH4; = outlet molar flow of CH4; =  outlet molar flow of H2; =  outlet molar flow of CO.
Results and Discussion

Catalyst characterization
The temperature programmed calcination of the fresh catalyst is shown in Figure 2. Four distinct peaks (I to IV) can be identified from the TGA curve. Peaks I-III can be attributed to sequential loss of physical and hydrated water while peak IV depicts decomposition of the cobalt nitrate to obtain Co3O4.  This trend is consistent with the findings of [38] in their study on dry reforming of methane over alumina supported cobalt catalyst. 


















Figure 2. Temperature Programmed Calcination of the 20 wt% Co/CeO2 catalyst

The determination of the mesoporous structure and specific surface of the 20 wt% Co/CeO2 catalyst from N2 adsorption-desorption isotherm is depicted in Figure 3. The Co/CeO2 catalyst isotherm has a characteristic of Type IV isotherm curve with H3 hysteresis loop. Since the relative pressure (P/P) is > 0.55, the catalyst exhibited uniform mesoporous structure with capillary condensation. The BET specific area of the catalyst was estimated from the sorptomatic data processing software as 39.89 m2g-1 while the pore volume and average pore diameter obtained from Barrett, Joyner, and Hallenda (BJH) method were estimated to be 0.0141 cm3g-1, and 1.16 nm respectively. 



Figure 3. N2 adsorption-desorption isotherm of the 20 wt% Co/CeO2 catalyst

The XRD pattern of the catalyst sample is depicted in Figure 4. Distinct peaks of CeO2 and Co3O4 crystals can be seen at 2θ = 29.4, 38.4, 48.7, 57.9 and 2θ = 31.3, 44.5, 59.7, 65.1, 67.7, 77.1o respectively. The diffraction peaks obtained for CeO2 can be assigned to the crystalline phase of (111), (220), (311), (220) and (422) which represent faced-centre cubic structure [39]. 




   [image: ]

Figure 4. XRD pattern of the 20 wt% Co/CeO2 catalyst

The FESEM micrograph and EDX dot mapping showing the morphology and the elemental composition of the 20 wt% Co/CeO2 catalyst are depicted in Figure 5-7 respectively. The FESEM micrograph (Figure 5) shows the irregularity and the agglomeration of the catalyst particle sizes. While the EDX dot mapping (Figure 6) confirms the presence of Co, Ce and O as stimulated during the synthesis of the catalyst. The elemental compositions of the catalysts obtained from the EDX dot mapping (Figure 7) corresponds to the stimulated amount used for the catalysts synthesis. 
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Figure 5. The FESEM micrograph of the 20 wt% Co/CeO2 catalyst
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Figure 6. The EDX dot mapping of the 20 wt% Co/CeO2 catalyst


Figure 7. The elemental composition of the 20 wt% Co/CeO2 catalyst obtained from EDX-mapping

In order to check the reducibility of the catalyst in a flow of H2, the catalyst was subjected to H2-TPR. Significantly, two peaks centralized at a temperature of 423, and 673 K can be identified from the H2-TPR profile. The peaks could be attributed to the sequential reduction of Co3O4 to Co crystallite represented in equation 8.  The peak at 423 K could be attributed to the reduction of Co3O4 which has a weak interaction with the support to CoO. The peak at 577K with a stronger interaction can be attributed to the reduction of CoO to Co [40]. 

 									   (8)



Figure 8. H2-TRP profile of the 20 wt% Co/CeO2 catalyst

The FTIR spectra of the catalyst are shown in Figure 9. The spectra band can be identified at 3400, 1670, 667 and 567 cm-1 respectively. The bands at 3400 and 1670 cm-1 can be attributed to OH- which is due to water moisture and COO from dissolved atmospheric CO2. The band obtained at 1670 and 667 cm-1 can be attributed to stretching metal oxides (M-O) bond from Co-O and Ce-O respectively. 



Figure 9. FTIR spectra of the 20 wt% Co/CeO2 catalyst

Catalyst activity 
The performance of the ceria supported Co catalyst was measured from the conversions of the reactant gas to syngas, the yields of the syngas produced as well as the products selectivity. The effects of feed ratios (0.1-1.0) and temperature (923 – 1023K) were investigated on the catalyst activity in terms of conversions, yields, and selectivity in methane dry reforming process. The conversions of CH4 and CO2 depicted in Figures 10-11 increases with feed ratio and temperature signifying the temperature dependent nature of the dry reforming reaction. The conversion of CH4 increases from 43.2% to a maximum value of 79.5%. Similarly, conversion of CO2 increases from 17.8% to 87.6%. The catalyst shows higher activity towards CO2 conversion compared to CH4. This could be as a result of reversed water gas shift reaction shown in equation 9 [41]. 

     ∆kJmol-1     						   (9)




Figure 10. Effect of feed ratio and temperature on conversion of CH4 over 20 wt% Co/CeO2 catalyst


Figure 11. Effect of feed ratio and temperature on conversion of CO2 over 20 wt% Co/CeO2 catalyst.

The catalytic performances of the 20 wt% Co/CeO2 catalyst in term of products (CO and H2) yields are depicted in Figures 12 and 13, respectively. It is noteworthy that both H2 and CO yields increase with feed ratios and temperature. The yield of H2 increases from 1.69% to reach a maximum value of 41.98%. While the yield of CO increases from 6.56% to the maximum value of 39.76%. A similar observation has been reported by Sajjidi et al. [42] for dry reforming of methane over Ni–Co/Al2O3–ZrO2 nanocatalyst. The highest yield of 42% and 58% were obtained for H2 and CO respectively. In the present study, at the highest yield of H2 and CO, syngas ratio of 1.05 was obtained. This makes the syngas produced from the dry reforming of methane over the 20 wt% Co/CeO2 catalyst suitable as a chemical intermediate to produce oxygenated fuel via FTS.  Apparently, the catalyst shows a higher activity towards H2 yield compared to CO yield. The observation could be attributed to temperature dependent nature of CH4 decomposition. The decomposition of CH4 increases with temperature leading to an increase in the formation of H2 [43]. 



Figure 12. Effect of feed ratio and temperature on the yield of H2 over 20 wt% Co/CeO2 catalyst



Figure 13. Effect of feed ratio and temperature on the yield of CO over 20 wt% Co/CeO2 catalyst

The selectivity of the 20 wt% Co/CeO2 catalyst towards H2 and CO production is shown Figures 14 and 15, respectively. The H2 and CO selectivity significantly increase with feed ratio and temperature from 1.16% and 8.56% to reach a maximum value of 19.56% and 20.72% respectively. This observation is consistent with the findings of Zheng et al. [44] who employed Co/γ-Al2O3 for dry reforming of methane to syngas. The authors, however, obtain a higher selectivity of 95% and 85% for H2 and CO. The difference in result could be linked to high surface area γ-Al2O3 used as support compared to Ceria as well as the difference in experimental conditions. 

















Figure 14. Effect of feed ratio and temperature on the selectivity of H2 over 20 wt% Co/CeO2 catalyst

















Figure 15. Effect of feed ratio and temperature on the selectivity of CO over 20 wt% Co/CeO2 catalyst

Conclusion
In this study, we have reported the synthesis, characterization and catalytic performance of ceria supported Co catalyst. The catalyst was synthesized by wet impregnation method and characterized by different physicochemical properties using techniques such as TGA, N2-adsorption-desorption, XRD, FESEM-EDX, and FTIR. The catalytic performance of the as-synthesized catalyst was tested in dry reforming of methane for the production of syngas. The catalyst shows good performance towards reactant conversion, products yield, and selectivity. Syngas ratio of 0.9 was produced from the dry reforming of methane over the ceria supported catalyst, making the process suitable for the production of feedstock for FTS process.
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Transmittance (%)
923 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	40.853734471810398	58.981565303165752	54.356649096308168	57.220238586973267	58.19803532566813	67.824104065842604	61.392726135798199	59.495354643814899	60.453159753261502	62.619467957214603	973 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	43.224280385931387	63.784100366819757	68.367955776126919	67.995245522641099	67.979080299620847	69.735246139144905	64.104614707138666	65.918209672944727	66.953589730416581	68.647541074566107	1023 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	62.854313985388856	72.250384390123614	77.393176946867641	79.458270706821622	77.457117104898117	77.142432518520806	74.798271323325423	74.450859098054934	69.005831715010842	72.301189235843495	CH4:CO2 ratio
CH4 conversion (%)
923 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	22.578704199247355	31.551226705275248	37.074757475719395	44.562846463257991	49.634432673456956	60.094352085539796	51.309249864794822	55.205098080086529	56.143988721635083	56.4561715528314	973 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	17.858027807197413	34.133679186290188	43.011932419947264	52.740398320075698	56.918607048696394	60.915042702300738	64.082456706176629	69.894386591026887	68.453453365482119	75.48327962683372	1023 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	28.985156725330686	37.463464463573473	48.587797733059915	58.068792814971715	64.787966598688513	68.308023722874466	71.677563123915533	74.633737916037589	74.573519644185041	87.611474412420847	CH4:CO2 ratio
CO2 conversion (%)
923 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	0.99034294561367542	4.9622183653703402	7.0411882913517765	9.4787824052145275	14.966182635683028	21.164078903648615	17.833675619118988	20.564621317629427	17.030897625326084	18.343928286120299	973 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	1.1013813970915725	5.300585538455012	10.828499798516802	13.719250835978539	19.064101703063251	25.744415027111863	23.752475238775268	26.205824808590961	28.93451972767955	29.305300068575001	1023 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	1.6925861252306453	5.4603908774063106	12.333520971926674	18.688971799421708	23.347334942842398	30.846181716636856	33.959759916861671	35.996715293635248	37.152115396851208	41.984538815561578	CH4:CO2 ratio
H2 yield
923 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	8.9355778248086395	14.657562921376794	19.031993904293607	19.46817623054697	24.234342525472698	24.98053397627617	25.415788323110458	28.321995868606479	25.604648134536419	26.665525675470199	973 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	6.5622448611040705	16.237495881279465	21.047565202514321	25.204209015562427	27.20358867288488	29.950375754042682	30.402589724742739	33.379259707507472	34.184585846808943	35.403256957469502	1023 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	8.6053355489937644	17.984369138743855	26.382806876362345	29.731372611142088	33.641653888072192	35.981409996451568	37.862264282455513	36.187965415420493	38.043252268464542	39.763561362599503	CH4:CO2 ratio
CO yield
923 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	1.6021040456892843	4.4372754047287639	7.5588480316890641	8.5928396931567903	11.137825859721524	13.815451998652906	13.026322774724841	13.41153318912057	14.574664305667618	9.3990165537186829	973 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	1.6571659856475338	4.1006668091159177	7.4885992560889987	10.050676160121723	11.718545249733504	14.531027590403903	15.556616142463064	16.268284356527015	16.981905204818784	19.558552791468799	1023 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	1.1602178768356417	4.5048592301811512	5.992266655452438	7.2506534366209685	10.178792061567012	12.158856569305934	12.218910362313288	13.21743595371194	12.144741080717742	10.211926669546116	CH4:CO2  ratio
   H2  selectivity (%)
923 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	10.591189999999999	13.93432	17.229230000000001	16.056059999999999	18.350059999999999	16.33793	19.83783	20.975770000000001	20.782689999999999	20.719149999999999	973 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	9.7010690000000004	14.22404	15.893660000000001	17.27027	17.885179999999998	18.648969999999998	19.1706	19.728639999999999	20.157	15.86295	1023 K	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	8.5672280000000001	14.083489999999999	17.315670000000001	17.77571	19.12688	19.831910000000001	20.539580000000001	19.53229	20.94632	18.973990000000001	CH4:CO2 ratio
CO selectivity (%)
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dw/dt

2.5899999999999999E-2	5.2200000000000003E-2	8.1199999999999994E-2	0.11119999999999999	0.14069999999999999	0.1706	0.19980000000000001	0.2278	0.25509999999999999	0.28249999999999997	0.31490000000000001	0.34649999999999997	0.3745	0.4017	0.45519999999999999	0.50939999999999996	0.56240000000000001	0.6179	0.67010000000000003	0.72150000000000003	0.77370000000000005	0.82579999999999998	0.86109999999999998	0.88780000000000003	0.90980000000000005	0.93389999999999995	0.96550000000000002	0.99309999999999998	0.99970000000000003	1	0.98629999999999995	0.95050000000000001	0.91279999999999994	0.879	0.8569	0.84	0.82199999999999995	0.80179999999999996	0.77480000000000004	0.73970000000000002	0.70330000000000004	0.66669999999999996	0.62829999999999997	0.59060000000000001	0.55320000000000003	0.5171	0.47970000000000002	0.44400000000000001	0.40649999999999997	0.3715	0.33489999999999998	0.29909999999999998	0.26269999999999999	0.22620000000000001	0.1908	0.1552	0.1196	0.73129999999999995	6.8025000000000002	7.6847000000000003	8.4577000000000009	9.1448	9.7963000000000005	10.409000000000001	10.973000000000001	11.52	12.063000000000001	12.721	13.353	13.942	14.500999999999999	15.706	17.059000000000001	18.597999999999999	20.536999999999999	22.844000000000001	25.870999999999999	30.312999999999999	37.113	44.582999999999998	52.832999999999998	60.662999999999997	67.212000000000003	72.006	75.745000000000005	79.733000000000004	84.006	76.075999999999993	73.504000000000005	71.058000000000007	66.158000000000001	59.972000000000001	53.789000000000001	47.311999999999998	41.183	35.384999999999998	30.797999999999998	27.58	25.350999999999999	23.475999999999999	21.87	20.257999999999999	18.805	17.064	15.48	14.583	13.831	13.06	12.335000000000001	11.605	10.87	10.141999999999999	9.3816000000000006	8.5730000000000004	Relative pressure (P/Po)
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