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ABSTRACT: Biogas generation through anaerobic digestion (AD) provides an interesting opportunity to valorize animal waste materials through energy production. However, some residues generated in intensive livestock areas, such as meat and bone meal (MBM), cannot be anaerobically digested. A more flexible integrated process is needed to valorize a wider range of residues. Other issues to be addressed in AD are gas upgrading requirements, the increasing costs and the adequate management of the digestate. The high concentration of CO2 in biogas results in a low caloric value, making it mandatory to reduce the CO2 levels. The obtention of low-cost adsorbent materials for CO2 removal, preferably obtained from waste materials, would be beneficial for biogas generation. Char is a potential low-cost adsorbent material. Its composition and quality are strongly dependent on the precursor and its production conditions. Chars from proteins show very different characteristics compared to those obtained from the more commonly studied lignocellulosic residues. More specifically, chars obtained from digested manure and MBM (as rich-protein animal wastes) have a high nitrogen content, which could increase their CO2 adsorption capability if the nitrogen-functional groups contribute to surface basicity. In the current study, the CO2 uptake properties of chars prepared by pyrolysis at three different temperatures of two animal wastes, digested manure and MBM, and two proteins, collagen and soybean protein (considered as representative model compounds of the proteins found in these residues) have been investigated and compared. The CO2 adsorption capacities at room temperature have been measured with a TGA apparatus and the stability and regenerability of all char samples have been determined. The CO2 adsorption capacities of chars from both proteins were found to be very similar (up to 40 mg/g for the chars prepared at 750 ºC). Despite the lower BET surface area of the proteins chars (in the range of 1 m2/g measured with N2 adsorption), their CO2 adsorption capacities was found to be double to those obtained from animal wastes. The preliminary data in this study might be explained with a ultramicroporous texture, but additional work is needed to support this idea.
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INTRODUCTION
Biogas technology has been actively promoted within the framework of the objectives of EU for the period 2010 to 2030 in order to increase the use of renewable energies and to decrease the emissions of greenhouse gases. Farming and intensive livestock are very important sectors in which the installed capacity of biogas generation can be increased. Anaerobic digestion (AD) or co-digestion of various animal waste materials produced in these sectors presents an interesting opportunity for valorization by means of energy generation. However, the economic feasability of the process has hindered its widespread development. Successful AD requires the proccessing of adequate residues under specific operating conditions, so not all residues can be biologically degraded, which reduces the flexibility of the feed composition (Ugwu & Enweremadu, 2020). While manure is a waste material suitable for AD, this is not the case for other residues produced in intensive livestock areas, e.g. meat and bone meal (MBM). Therefore, a more flexible integrated process is needed to valorize the entire range of residues produced in agricultural areas. Another issue to be considered is that raw biogas does not fulfill certain specifications for generating electricity directly. This makes some upgrading neccesary, which adds significantly to the costs. Finally, the digestate from AD needs adequate management due to environmental reasons. 
Biogas is a complex mixture of CH4 and large amounts of CO2 (25 – 50%) as well as other undesired gases. The high concentration of CO2 results in a low heating value of the raw biogas. Therefore, CO2 has to be removed as part of the biogas upgrading (Ullah Khan et al., 2017). Among current commercial technologies for biogas cleaning, adsorption with activated carbon substantially increases the costs of the AD process, resulting in a severe burdon for the implementation of the process into intensive livestock farming. The high costs of biogas treatment are caused by the relatively high price of activated carbon and also by its regeneration process. Consequently, there is an increasing interest in identifying low-cost adsorbent materials, preferably obtainable from waste materials (Mulu et al., 2021). The idea of integrating the pyrolysis of AD digestate, possibly mixed with additional residues such as MBM, for onsite char production, presents a promising approach to implement biomass treatment through anaerobic digestion into livestock farming. AD could benefit from the different products generated in the pyrolysis process (Chen et al., 2021; Sánchez-Sánchez et al., 2018; Wu et al., 2020).
Char is generally considered a low-cost adsorbent material for treating gaseous effluents, although char composition and quality strongly vary depending on the starting material and process conditions (Yadav & Jagadevan, 2020). Despite the lower surface area of char produced from biomass wastes compared to that of activated carbon, several studies on CO2 removal from biogas have shown that char obtained from biomass wastes, without any activation step, can be an effective adsorbent. However, there is little information in the literature regarding the properties of chars produced via pyrolysis of digested manure and MBM. Both, digested manure and MBM, are rich-protein animal wastes and the resulting chars will be specially characterized by high nitrogen content. This could make these materials very suitable for CO2 adsorption. Previous research work have observed that nitrogen, specifically in form of pyrrolic nitrogen, acts as active adsorption sites with a high affinity for CO2 adsorption (Leng et al., 2019; Zhang et al., 2013).
[bookmark: _heading=h.gjdgxs]The composition of the animal wastes will influence the morphological structure and the surface chemistry of the char obtained so, due to the variability in this composition, the experimental results for adsorption capacities of chars obtained from specific animal wastes cannot be extrapolate to other wastes. This calls for the need to develop a more thorough understanding of the CO2 removal process using char from animal wastes. In this context, a study of the CO2 adsorption capacity of chars generated from the main macro-components of animal wastes should be helpful to understand individual influences. Such a study needs to include chars produced from proteins, one of the major components of animal wastes, which distinguishes this type of waste material from other more commonly studied lignocellulosic residues. When comparing MBM and digested manure, the differences between the proteins present in them should also be considered. Thus, collagen, an animal protein, is the major constituent of MBM and soybean protein is a plant-based protein that could be considered as a representative protein found in digested manure.
In the current study, the CO2 adsorption capacities of chars prepared by pyrolysis of two animal wastes, digested manure and MBM, and two types of proteins, collagen and soybean protein, were investigated at room temperature and the results were compared. Specific objetives of this work were to (1) determine CO2 isotherm for the chars at room temperature; (2) analyze the effect of the raw material characteristics and pyrolysis temperature on the CO2 adsorption capacity and (3) test the reversibility of CO2 adsorption after regeneration at increased temperature.
EXPERIMENTAL
2.1 Char production
Two protein-rich animal wastes, co-digested manure (DM) and meat and bone meal (MBM), and two types of proteins, soybean protein (SP) and collagen (C), were used as feedstock for char production. The DM, supplied by the HTN biogas company (Spain), contains co-digested cattle manure and agro-industry residues. The material was oven-dried after receiving and stored. The MBM was supplied by the Spanish company Residuos Aragón S.A. once the prion that provokes the Bovine Spongiform Encephalopathy had been destroyed. The two proteins, SP and C, were commercial products acquired in a drugstore.
The raw materials were pyrolyzed in a fixed bed reactor of 2-3 g capacity in N2 atmosphere (50 mLSTP/min) at three different final temperatures (350, 550 and 750 ºC). A heating rate of 10 ºC/min was applied and the final temperature was kept for about 60 min. All char samples were crushed and sieved (particle size 0.025-0.063 mm) before characterization. More detailed information about the char production procedure has been reported in the work “Pyrolysis of two different kinds of proteins: collagen and soybean protein. Analysis of their contribution on the pyrolysis of rich protein animal wastes”, which is also included in: Proceedings of the 18th International Symposium on Waste Management and Sustainable Landfilling. 
In the following, the char samples (a total of 12 samples) are named as a combination of letters related to the raw material used (DM, MBM, SP and C) followed by a number indicating the final pyrolysis temperature. For example, DM350 refers to the char prepared by pyrolysis of co-digested manure at 350 ºC.
2.2 Char characterization
Char samples obtained in the pyrolysis of the four materials were characterized in terms of chemical composition (elemental analysis) and surface chemistry (FTIR spectroscopy and textural properties) in order to explain the results observed for CO2 adsorption capacities. The elemental analysis was performed with a Truspec-CHN® (LECO) Elemental Analyser. Surface functional groups on the chars were identified by Attenuated Total Reflection-Fourier Transform Infra-Red (ATR-FTIR) spectroscopy analysis, using an Agilent Cary 600 FTIR spectrometer, with a resolution of 4 cm-1 in the wavelength range of 4000 - 400 cm-1 (medium IR region). Char surface areas were measured with a Quantachrome Autosorb® 6 Surface Area and Pore Size Analyzer. The samples were degassed at 523 K for 15 h prior to surface area analysis. Both N2 and CO2 adsorption isotherms (at 77 K and 273 K, respectively) were evaluated. 
2.3 CO2 adsorption procedure
The CO2 adsorption capacity of the char samples was examined by thermogravimetric analysis (TGA) with a Netzsch STA 449 Jupiter® thermobalance. Adsorption was evaluated at room temperature and atmospheric pressure. About 50 mg of ground and sieved char sample (particle size of 0.025-0.063 mm) was firstly degassed at 250 ºC for one hour in a N2 stream (100 mLSTP/min). After cooled down to 25 ºC, the sample was exposed to various CO2/N2 mixtures (CO2 concentration ranging 2-83 vol. %) and the change in sample weight was measured (N2 adsorption on the char samples was considered negligible). The use of 20 mLSTP/min of N2 as protective gas flow in the TGA apparatus prevented the study of adsorption of pure CO2. Once the gas flow was switched to a selected CO2 composition, the sample was held at 25 ºC for 50 min to establish equilibrium between CO2 in the gas phase and on the surface. Adsorption of CO2 in these chars occurs slowly and in some cases the weight was still slightly increasing after 50 min, so final CO2 adsorption capacities could be somewhat higher than measured here. The adsorption tests at different CO2 mole fractions were divided into three sets. Between these sets, the sample was again degassed by raising the temperature by 10 ºC/min up to 150 ºC (desorption branch) and afterwards lowered to 25 oC (adsorption branch) in N2 atmosphere. This procedure tests for chemisorption or alternatively the reversibility of CO2 adsorption. Several CO2 mole fractions were tested more than once to obtain information on the repeatability of the measurements.
The CO2 adsorption capacity of chars (mg CO2/g char) for each CO2 partial pressure was calculated from the weight gain relative to the weight in pure N2 atmosphere. 
RESULTS AND DISCUSSION
3.1. Char characterization
Char samples obtained in the pyrolysis of the four materials were characterized in terms of chemical composition (elemental analysis) and surface chemistry (FTIR spectroscopy and surface area measurement) in order to explain the results observed for CO2 adsorption capacities. A more detailed discussion about these characterization results can be found in the work “Pyrolysis of two different kinds of proteins: collagen and soybean protein. Analysis of their contribution on the pyrolysis of rich protein animal wastes”, which is also included in: Proceedings of the 18th International Symposium on Waste Management and Sustainable Landfilling.
3.3.1 Elemental Composition
Important differences have been found when comparing the elemental analysis of the residues and the pure proteins (Table 1). On an ‘as received basis’, chars obtained from the proteins are much richer in C and N than the residues, mainly because of ash dilution in the wastes. The ratio N/C is also higher in the proteins chars (quite similar values in both cases), followed by the meat and bone meal chars. The N/C ratio in the digested manure chars is about 3-4 times lower than in meat and bone meal chars (for instance, 0.03 in DM750 vs. 0.12 in MBM750). A slight downward trend is observed in N/C ratio when increasing the pyrolysis temperature.
Table 1. Elemental analysis data of pyrolysis chars
	
	Chars produced at 350 ºC
	Chars produced at 550 ºC
	Chars produced at 750 ºC

	
	C (%)
	H (%)
	N (%)
	C (%)
	H (%)
	N (%)
	C (%)
	H (%)
	N (%)

	Collagene
	56.7±0.7
	4.50±0.05
	14.6±0.2
	65±1
	2.6±0.2
	14.0±0.2
	61±3
	1.2±0.1
	10.5±0.5

	Soybean protein
	58±2
	4.90±0.03
	13.7±0.9
	46±2
	2.60±0.02
	10.1±0.1
	56.0±0.8
	1.3±0.1
	9.5±0.1

	Meat and bone meal
	41±1
	3.7±0.3
	8.4±0.4
	39.0±0.9
	1.5±0.2
	6.5±0.1
	36.4±0.1
	0.68±0.01
	4.9±0.1

	Digested manure
	32.6
	2.5
	2.1
	37.0
	1.5
	2.3
	36.2
	0.5
	1.2



The CO2 adsorption capacity of chars can be enhanced by increasing the alkalinity of its surface (Dissanayake et al., 2020). Nitrogen-containing functional groups (e.g., amide, imide, pyridinic, pyrrolic, and lactam groups) can contribute to the surface basicity of biochars and promote the CO2 adsorption (Qiao et al., 2020). Therefore, biomass wastes with high protein content could be considered as potential precursors for low cost CO2 adsorbent. 
3.3.2 ATR-FTIR 
The nature of the functional groups present on a solid surface can be analyzed by ATR-FTIR (Figure 1). No peaks related to OH-groups (3400-3200 cm-1) are found in the spectra of the chars, with the exception of the chars obtained from collagen at the three pyrolysis temperatures and the soybean char prepared at 350 ºC. The expected peak assigned to amino group (N-H) at about 3250 cm-1 is not found in any of the char spectra, which points to its destruction during pyrolysis. The peaks around 1625 and 1520 cm-1 represent the amide groups and appear in chars obtained from proteins and to a lesser extent in the low-temperature char from MBM. The peaks between 2400 and 2200 cm-1 can be related to nitriles groups. They remain during pyrolysis for all the feedstocks with slightly higher intensity at higher temperatures. These peaks are the only ones related to nitrogenous groups that can be observed in DM chars (which also showed the lowest N content in the elemental analysis). Chars from collagen seem to be the samples with the highest content of nitrogen functionalities and chars from DM the samples with the lowest one.
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Figure 1. FTIR spectra for the chars obtained at the three different pyrolysis temperatures from: a) Co-digested manure, b) Collagen, c) Soybean protein, d) Meat and bone meal.


3.3.3 Surface area
Four N2 adsorption isotherms for representative chars are shown in Figure 2, each representing one of the raw materials. These data were taken with the standard setting, meaning that the P/Po range is 0.02 to 0.99. This procedure does not return complete isotherms, but only the high pressure part. It is important to note that the volume ranges of the isotherms differ significantly: they are much higher for chars from the wastes (Figures 2a and 2b) than for those from the proteins (Figures 2c and 2d). These results clearly show that N2 adsorption hardly took place in proteins chars. Proteins melting during thermal treatment (at temperatures around 250 ºC) seems to be a key point in the final structure of the produced chars, as a poor porosity structure in the form of macropores, mesopores or wider micropores has been found with N2 adsorption tests. 
Although the initial part of the isotherm at lower relative pressures is missing, isotherms of DM and MBM can be included as Type IV according to IUPAC classification (Sing, 1982). Most of the isoterms showed pronounced hysteresis loops, indicating that the adsorption and/or desorption branches are not in equilibrium. These hysteresis loops are usually related to condensation phenomena occurring in mesopores. 
b)
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d)
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Figure 2. N2 adsorption isotherms for: (a) DM750, (b) MBM750, (c) SP750, (d) C750.

The multi-point BET analysis was applied to N2 adsorption data, obtaining the BET surface areas (SBET) summarized in Table 2. As commented, soybean protein and collagene hardly show BET area. Small values for the BET surface area have been obtained for digested manure and meat and bone meal, much smaller than usually found in activated carbons. Multi-point BET analyses of DM750 char resulted in a negative C value in any range of P/Po, so SBET could not be estimated for this sample. The t-plot based on the de-Boer equation has also been used to calculate micropore surface area.  With this analysis, micropores are proved to be present in MBM550 and MBM750, whose micropore area reached 28% and 9% of total SBET, respectively.

Table 2. Surface area by BET-method (N2 adsorption at 77 K).

	DM350:
	6 m2/g
	MBM350:
	5 m2/g
	C350:
	1 m2/g
	SP350:
	6 m2/g

	DM550:
	16 m2/g
	MBM550:
	28 m2/g
	C550:
	1 m2/g
	SP550:
	1 m2/g

	DM750:
	---
	MBM750:
	29 m2/g
	C750:
	1 m2/g
	SP750:
	1 m2/g


3.2. CO2 uptake properties
The CO2 adsorption performance of the char samples was examined using thermogravimetric methods. The adsorption capacities for the sorbent materials can be explained using the adsorption isotherm plots: the more the adsorbed volume, the higher will be the adsorption capacity.
 Figure 3 shows the experimental data of CO2 adsorption isotherms at 25 ºC. 
 
 
Figure 3. Experimental CO2 adsorption isotherms (filled symbols) measured at 25 ºC in the TGA apparatus and Langmuir (continuous lines) and Freundlich fits (dot lines).

Two well-known isotherm models, the Langmuir and the Freundlich adsorption isotherms, were used to analyze the experimental data for the adsorption of CO2 on the chars. Mathematically, all profiles are reasonably well represented by either Langmuir or Freundlich models in the P/Po range studied (coefficient of determination of multiple regression: 0.961 < R2 < 0.995), so this mathematical analysis  is not sufficient information to conclude if CO2 adsorption occurs on a monolayer homogeneous surface (as the Langmuir model assumes) or on a multilayered heterogeneous surface (as the Freundlich model refers to). Both analyses assume the relevance of the surface area concept to explain CO2 adsorption on chars and the reasonably good fits do not contradict this assumption. 
CO2 uptake data for all chars (at the highest concentration of CO2: 83 vol. %) are summarized in Figure 4. Comparing these data, it can be observed that proteins chars, especially those from collagene, show higher adsorption capacity than the waste biochars. 
The figures also indicate that the mass of CO2 adsorbed is higher for chars prepared at high temperature, except for MBM chars, whose maximum in the CO2 adsorption capacity is found at a pyrolysis temperature of 550 ºC. It is to note that the CO2 adsorption performance of chars changes much more between the pyrolysis temperature of 350 and 550 ºC than between 550 and 750 ºC. 
CO2 adsorption capacities of proteins chars prepared at 750 ºC are essentially twice than those of their related wastes (40 vs. 20 mg CO2/g char), while these differences are, in general, less significant in the chars prepared at lower pyrolysis temperatures. This means that increasing the pyrolysis temperature especially benefits the CO2 uptake properties of the two studied protein chars, while the impact on the waste chars is smaller.



Figure 4. CO2 uptake of char samples at 25 ºC (gas mixture with 83 % vol. CO2).

In order to explain the differences in the CO2 adsorption capacities of the chars, both the surface basicity and porous texture should be considered. The increase of pyrolysis temperature leads to a reduction of N content in the chars (Table 1), thus reducing the contribution of nitrogen-containing functional groups to surface basicity. Therefore, the positive effect of pyrolysis temperature on the CO2 adsorption capacity of chars seems to be more related to changes in the porous texture. 
The superior performance of the proteins chars produced at 750 ºC can not be explained by solely considering either the SBET (which was almost zero in most cases) or the N content (which decreased with pyrolysis temperature). Additional analyses have been done based on other concepts such as the TVFM (theory for the volume filling of micropores) approach by Dubinin (Dubinin, 1989). CO2 adsorption isotherms at 273 K were examined using the Dubinin-Radushkevich (DR) equation at a low relative pressure (P/Po < 0.03). The micropore volume and average pore width results calculated according to this method are shown in Table 3. Narrower micropores were detected for higher pyrolysis temperatures. The good linearity in DR-plots is consistent with the micropore filling model for CO2 adsorption in narrow micropores (ultramicropores), which could not be detected by single N2 adsorption because of the restricted diffusion of N2 into very narrow micropores at low temperatures and pressures (Jagiello et al., 2019). The origin of such ultramicroporous structure could be the release of gas molecules through the thermoplastic phase occurring during the pyrolysis of proteins. 
Table 3. Micropore volume (Vmp) and average pore width (Dp) according to DR-method (CO2 adsorption at 273 K). 
	
	Vmp (cm3STP/g)
	Dp (nm)
	
	Vmp (cm3STP/g)
	Dp (nm)

	C350:
	0.042
	0.989
	SP350:
	0.052
	1.012

	C550:
	0.108
	0.759
	SP550:
	0.088
	0.746

	C750:
	0.083
	0.713
	SP750:
	0.052
	0.724



Therefore, according to these results, biochars obtained from biomass wastes rich in proteins could be appropriate for the adsorption of small gas molecules but not for the larger ones because of the molecular size exclusion. 
3.3. Regeneration of char after CO2 adsorption
Three adsorption-desorption cycles were measured and regeneration tests were conducted after each cycle by heating the adsorbent up to 150 °C under N2 gas flow. Once cooled to 25 ºC, the adsorbent after regeneration was reused for CO2 tests in the next cycle. Figure 4 summarizes CO2 uptake results for chars for the first, second and third cycle of adsorption-regeneration. Quite similar results are observed, especially in cycles #2 and #3, which points to a reversible CO2 adsorption process.
Table 4. Cyclic adsorption-desorption behaviour of char samples (mg CO2/g char).
	
	Cycle #1
	Cycle #2
	Cycle #3

	S350
	9.5
	9.2
	9.0

	S550
	29.0
	27.8
	28.1

	S750
	38.0
	37.0
	36.7

	DM350
	8.5
	7.4
	7.8

	DM550
	17.8
	15.4
	15.7

	DM750
	19.5
	19.2
	19.1

	C350
	11.0
	10.4
	10.3

	C550
	32.8
	31.4
	31.9

	C750
	41.0
	38.8
	39.2

	MBM350
	5.8
	4.4
	--

	MBM350
	26.8
	26.4
	--

	MBM750
	21.1
	18.2
	--


CONCLUSIONS
[bookmark: _GoBack]The CO2 adsorption potential of chars produced from pyrolysis at 350-750ºC of protein-rich animal wastes (co-digested manure and meat and bone meal) and their most representative proteins (soybean protein and collagene) has been analyzed in a thermogravimetric apparatus (TGA). Adsorption isotherms at 25ºC have been determined and tried to correlate with char characterization results (elemental analysis, FTIR technique and textural properties) to improve the fundamental understanding of relation between composition and CO2 adsorption properties of final char material.
Proteins chars show higher CO2 adsorption capacity than their related waste biochars. The superior performance of the proteins chars, especially those produced at 750 ºC, can not be explained by solely considering either the SBET (which was almost zero in most cases when involving N2-adsorption) or the N content (which decreased with pyrolysis temperature). Other concepts such as the TVFM (theory for the volume filling of micropores) approach by Dubinin should be considered for a better interpretation of the results.
It is still not clear what is needed to produce an efficient CO2-adsorbing char (without further activation steps), pointing that more work is needed to study the interactions with other macro-components present in the animal wastes.
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2.5005099999999999E-2	5.0547099999999998E-2	7.4041800000000005E-2	9.9558099999999997E-2	0.12421500000000001	0.149316	0.17439499999999999	0.19947200000000001	0.22457199999999999	0.24961900000000001	0.274677	0.29965900000000001	0.32464100000000001	0.349692	0.37466899999999997	0.39973500000000001	0.424709	0.449712	0.474769	0.49974800000000003	0.52463499999999996	0.54969199999999996	0.57468300000000005	0.59957499999999997	0.62473299999999998	0.64952900000000002	0.67445900000000003	0.69940199999999997	0.72426299999999999	0.749089	0.77583199999999997	0.80090899999999998	0.82537099999999997	0.85014000000000001	0.87446400000000002	0.90038399999999996	0.92484699999999997	0.94935999999999998	0.97507699999999997	0.99421599999999999	32.430999999999997	33.692300000000003	34.538400000000003	35.319400000000002	36.026299999999999	36.676900000000003	37.289200000000001	37.862299999999998	38.4099	38.943899999999999	39.4621	39.97	40.476300000000002	40.956000000000003	41.424300000000002	41.881399999999999	42.342500000000001	42.791800000000002	43.235100000000003	43.674199999999999	44.098199999999999	44.547899999999998	44.9846	45.424199999999999	45.865200000000002	46.335000000000001	46.822299999999998	47.327599999999997	47.891599999999997	48.482999999999997	49.235100000000003	50.073	50.973599999999998	52.084699999999998	53.391300000000001	55.154699999999998	57.277099999999997	60.438699999999997	67.360799999999998	84.113200000000006	0.99331499999999995	0.97508399999999995	0.94843299999999997	0.92424799999999996	0.89918600000000004	0.87521099999999996	0.84992599999999996	0.82417700000000005	0.79899500000000001	0.77620199999999995	0.75096399999999996	0.72562899999999997	0.70043800000000001	0.67527599999999999	0.65025900000000003	0.62502899999999995	0.59973900000000002	0.57490799999999997	0.54983199999999999	0.52480499999999997	0.50031300000000001	0.47593600000000003	0.45087300000000002	0.42588599999999999	0.40037699999999998	0.37512299999999998	0.35002499999999998	0.32495299999999999	0.29988100000000001	0.27489000000000002	0.24985499999999999	0.22489999999999999	0.19997100000000001	0.17496100000000001	0.150093	0.124833	0.100244	7.5431799999999993E-2	5.0857600000000003E-2	2.3784599999999999E-2	84.032399999999996	73.179299999999998	66.289699999999996	62.945799999999998	60.993400000000001	59.621000000000002	58.397100000000002	57.356099999999998	56.419499999999999	55.696399999999997	55.007599999999996	54.432000000000002	53.9375	53.510100000000001	53.134999999999998	52.839300000000001	52.533200000000001	52.2395	51.9514	51.677999999999997	51.207999999999998	49.495199999999997	47.859400000000001	47.149900000000002	46.673499999999997	46.281100000000002	45.9129	45.5745	45.228400000000001	44.891100000000002	44.547600000000003	44.182899999999997	43.808999999999997	43.411099999999998	43.009300000000003	42.541499999999999	42.057400000000001	41.477699999999999	40.750799999999998	39.444299999999998	Relative pressure (P/Po)
Volume of N2 adsorbed (cm3STP/g)
2.55704E-2	4.9902099999999998E-2	7.5396199999999997E-2	0.100967	0.12546399999999999	0.15051100000000001	0.17541200000000001	0.20053000000000001	0.225581	0.25057400000000002	0.27547100000000002	0.30060799999999999	0.32539899999999999	0.350466	0.37561800000000001	0.40053899999999998	0.42555799999999999	0.45052900000000001	0.47505599999999998	0.50021700000000002	0.52522500000000005	0.55047800000000002	0.57417099999999999	0.60031100000000004	0.62453700000000001	0.64972099999999999	0.67419099999999998	0.69918400000000003	0.72648999999999997	0.74871799999999999	0.77581800000000001	0.80064900000000006	0.82477999999999996	0.84909699999999999	0.87517900000000004	0.89929199999999998	0.92470799999999997	0.94987200000000005	0.97538800000000003	0.995259	6.0544000000000002	6.5724999999999998	6.9752000000000001	7.3116000000000003	7.6071	7.8902000000000001	8.1593	8.4367000000000001	8.6995000000000005	8.9656000000000002	9.2394999999999996	9.5040999999999993	9.7777999999999992	10.059900000000001	10.3401	10.653499999999999	10.9627	11.260400000000001	11.606999999999999	11.9619	12.322100000000001	12.7209	13.1746	13.652799999999999	14.122299999999999	14.6684	15.260999999999999	15.901899999999999	16.745100000000001	17.460100000000001	18.45	19.590199999999999	20.844100000000001	22.439499999999999	24.456800000000001	26.874500000000001	30.180399999999999	34.921100000000003	39.438600000000001	45.975700000000003	0.99415900000000001	0.97512799999999999	0.94970500000000002	0.92427400000000004	0.90044999999999997	0.87395800000000001	0.84971099999999999	0.82570699999999997	0.80040100000000003	0.77405000000000002	0.74877000000000005	0.72594800000000004	0.70048200000000005	0.67561099999999996	0.65056400000000003	0.62523700000000004	0.60031999999999996	0.57558500000000001	0.55022800000000005	0.52509399999999995	0.50087000000000004	0.47487200000000002	0.45007999999999998	0.425701	0.400005	0.37473099999999998	0.34951599999999999	0.32445800000000002	0.29933700000000002	0.27440500000000001	0.249362	0.22429499999999999	0.199326	0.17462800000000001	0.149363	0.124468	9.9529800000000002E-2	7.4600799999999995E-2	4.9733800000000002E-2	2.3508299999999999E-2	45.647300000000001	40.348100000000002	38.170099999999998	36.1325	33.588099999999997	30.6065	28.347999999999999	26.696400000000001	25.233599999999999	24.045999999999999	23.1097	22.409300000000002	21.729299999999999	21.098500000000001	20.4864	19.907399999999999	19.357800000000001	18.832699999999999	18.316400000000002	17.7805	17.218399999999999	14.9674	12.591200000000001	11.888	11.4377	11.0853	10.783300000000001	10.4899	10.2217	9.9515999999999991	9.7056000000000004	9.4458000000000002	9.1815999999999995	8.9175000000000004	8.6423000000000005	8.3610000000000007	8.0698000000000008	7.7443999999999997	7.3663999999999996	6.7990000000000004	Relative pressure (P/Po)
Volume of N2 adsorbed (cm3STP/g)
2.5139399999999999E-2	5.1321499999999999E-2	7.6258099999999995E-2	0.10162499999999999	0.126142	0.15113299999999999	0.17608299999999999	0.20113200000000001	0.22611400000000001	0.25112400000000001	0.27616099999999999	0.30102699999999999	0.32604899999999998	0.35113899999999998	0.37610100000000002	0.40112700000000001	0.42605700000000002	0.45107999999999998	0.47601900000000003	0.50103200000000003	0.52603800000000001	0.55097600000000002	0.57603499999999996	0.60083799999999998	0.62607900000000005	0.65090499999999996	0.67596199999999995	0.70091099999999995	0.725908	0.75081500000000001	0.77580400000000005	0.80085499999999998	0.82568200000000003	0.85082400000000002	0.87583299999999997	0.90076500000000004	0.92562800000000001	0.95066700000000004	0.97545700000000002	0.99429800000000002	3.2199999999999999E-2	5.9900000000000002E-2	8.1600000000000006E-2	0.1031	0.1164	0.128	0.15129999999999999	0.16239999999999999	0.1704	0.1842	0.18959999999999999	0.21460000000000001	0.22939999999999999	0.22869999999999999	0.23150000000000001	0.23549999999999999	0.25	0.25629999999999997	0.26910000000000001	0.2727	0.26719999999999999	0.25969999999999999	0.27810000000000001	0.29559999999999997	0.29959999999999998	0.28970000000000001	0.28370000000000001	0.27810000000000001	0.30099999999999999	0.29680000000000001	0.30380000000000001	0.32379999999999998	0.32190000000000002	0.313	0.31219999999999998	0.3533	0.3639	0.4466	0.55010000000000003	1.0764	0.99357300000000004	0.97511199999999998	0.94950900000000005	0.92439800000000005	0.89928699999999995	0.87415500000000002	0.84924599999999995	0.82414799999999999	0.79910999999999999	0.77405299999999999	0.74904400000000004	0.724387	0.69895099999999999	0.67415999999999998	0.64891100000000002	0.62401600000000002	0.59911800000000004	0.57393400000000006	0.54904600000000003	0.52404200000000001	0.49887399999999998	0.47403099999999998	0.44905099999999998	0.423821	0.39892499999999997	0.37385600000000002	0.34893999999999997	0.323851	0.29883700000000002	0.273843	0.24892400000000001	0.22386500000000001	0.198907	0.17407	0.148898	0.123946	9.8932699999999998E-2	7.3938500000000004E-2	4.89215E-2	2.34521E-2	1.0711999999999999	0.62460000000000004	0.51380000000000003	0.4657	0.47960000000000003	0.45660000000000001	0.47720000000000001	0.47499999999999998	0.47549999999999998	0.4798	0.47120000000000001	0.50449999999999995	0.50549999999999995	0.51970000000000005	0.53920000000000001	0.53839999999999999	0.53710000000000002	0.56610000000000005	0.56189999999999996	0.56499999999999995	0.56359999999999999	0.5736	0.5806	0.57440000000000002	0.58299999999999996	0.57630000000000003	0.57430000000000003	0.56589999999999996	0.55810000000000004	0.55149999999999999	0.54369999999999996	0.5383	0.52190000000000003	0.49780000000000002	0.47620000000000001	0.45150000000000001	0.42780000000000001	0.39839999999999998	0.36609999999999998	0.31840000000000002	Relative pressure (P/Po)
Volume of N2 adsorbed (cm3STP/g)
2.5085400000000001E-2	5.1205800000000003E-2	7.6116900000000001E-2	0.10154000000000001	0.12595600000000001	0.150953	0.17597299999999999	0.20102100000000001	0.225934	0.25070700000000001	0.27615699999999999	0.30108499999999999	0.32585700000000001	0.35100199999999998	0.37597399999999997	0.40087	0.42588900000000002	0.450878	0.47579500000000002	0.50097199999999997	0.52581999999999995	0.55082299999999995	0.57612399999999997	0.60048500000000005	0.62570499999999996	0.65103500000000003	0.67554700000000001	0.70087600000000005	0.72578100000000001	0.75080899999999995	0.77573700000000001	0.80034099999999997	0.82558900000000002	0.85088299999999994	0.87526899999999996	0.90036000000000005	0.92508500000000005	0.95044099999999998	0.97442300000000004	0.99422200000000005	-2.7799999999999998E-2	1.5100000000000001E-2	5.7500000000000002E-2	8.9499999999999996E-2	0.1188	0.15229999999999999	0.17849999999999999	0.20269999999999999	0.22459999999999999	0.24590000000000001	0.2666	0.28289999999999998	0.30930000000000002	0.32190000000000002	0.34489999999999998	0.35930000000000001	0.37940000000000002	0.39050000000000001	0.41339999999999999	0.43530000000000002	0.44390000000000002	0.46439999999999998	0.4793	0.4834	0.51049999999999995	0.51829999999999998	0.53290000000000004	0.55859999999999999	0.56840000000000002	0.59530000000000005	0.61570000000000003	0.64249999999999996	0.66549999999999998	0.70720000000000005	0.7611	0.80120000000000002	0.86429999999999996	1.0036	1.2556	2.2117	0.99328899999999998	0.97408399999999995	0.95006999999999997	0.92459899999999995	0.89954900000000004	0.87431999999999999	0.84943599999999997	0.82419299999999995	0.79911699999999997	0.77465300000000004	0.74878400000000001	0.72423300000000002	0.69926600000000005	0.67383000000000004	0.64913399999999999	0.62405299999999997	0.59923400000000004	0.57393400000000006	0.54899100000000001	0.52398599999999995	0.49920700000000001	0.47403800000000001	0.44907399999999997	0.42394399999999999	0.39926600000000001	0.373969	0.34900599999999998	0.32390999999999998	0.298819	0.273949	0.249025	0.223852	0.19886699999999999	0.17412	0.148558	0.12396500000000001	9.8962999999999995E-2	7.4029499999999998E-2	4.9067899999999998E-2	2.3804499999999999E-2	2.1627000000000001	1.3321000000000001	1.1092	1.0092000000000001	0.94110000000000005	0.92149999999999999	0.89029999999999998	0.86850000000000005	0.85629999999999995	0.84750000000000003	0.84019999999999995	0.8206	0.83309999999999995	0.8377	0.83640000000000003	0.83440000000000003	0.81369999999999998	0.80789999999999995	0.81059999999999999	0.8105	0.79659999999999997	0.79769999999999996	0.79100000000000004	0.78639999999999999	0.77370000000000005	0.76119999999999999	0.75609999999999999	0.73750000000000004	0.73329999999999995	0.71460000000000001	0.69210000000000005	0.66759999999999997	0.64880000000000004	0.62270000000000003	0.59519999999999995	0.55879999999999996	0.52800000000000002	0.48880000000000001	0.4486	0.38080000000000003	Relative pressure (P/Po)
Volume of N2 adsorbed (cm3STP/g)
DM750 	1.7999999999999999E-2	3.4000000000000002E-2	5.8000000000000003E-2	8.3000000000000004E-2	0.125	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	1.9761000000001161	3.6043000000000802	4.8377000000000692	5.6301000000000556	7.6154999999999973	8.7994000000000483	11.223000000000098	12.386500000000067	15.268300000000037	16.734100000000041	19.476300000000034	DM750 (Langmuir)	1.7999999999999999E-2	3.4000000000000002E-2	5.8000000000000003E-2	8.3000000000000004E-2	0.125	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	1.4491245847973471	2.6013540573685812	4.1300680085216701	5.5123350872418397	7.4580991411256914	9.0448890557765314	11.452528620204859	13.161379041828214	15.64107342049922	17.217694841042952	18.319463026454514	DM550	1.7999999999999999E-2	3.4000000000000002E-2	5.8000000000000003E-2	8.3000000000000004E-2	0.125	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	1.9404000000000108	3.5360000000000014	4.8486000000001184	5.1403999999999428	7.8821000000000652	7.8462999999999283	9.6408999999999878	11.059800000000022	14.558099999999996	14.279499999999954	17.803600000000017	DM550 (Langmuir)	1.7999999999999999E-2	3.4000000000000002E-2	5.8000000000000003E-2	8.3000000000000004E-2	0.125	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	1.4024976176684913	2.5028776457711794	3.9430194492900115	5.2261744920839854	7.002544080604534	8.4259545545291203	10.543653603034134	12.016809588263545	14.111725888324873	15.418088315590206	16.319464485803483	DM350 	1.7999999999999999E-2	3.4000000000000002E-2	5.8000000000000003E-2	8.3000000000000004E-2	0.125	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	0.47139999999998844	1.3599999999999568	2.0923000000000513	1.9908999999999819	3.3512999999999238	3.5251999999999839	3.6351999999999407	4.9044999999999561	6.7900000000000205	6.7828000000000088	8.5309999999999775	DM350 (Langmuir)	1.7999999999999999E-2	3.4000000000000002E-2	5.8000000000000003E-2	8.3000000000000004E-2	0.125	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	0.49976253428879081	0.90975179139482243	1.4718414220677982	1.9988084171596627	2.772631819138152	3.4332259250933985	4.4903357618560849	5.2839100162480577	6.5054754476506753	7.3289682705386685	7.927718386600505	CDM750 Freundlich	1.7999999999999999E-2	3.4000000000000002E-2	5.8000000000000003E-2	8.3000000000000004E-2	0.125	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	2.7403826466709034	3.7944254949195328	4.986942630562007	5.9907407757061772	7.3871534667756729	8.567463958751766	10.532080509441187	12.139808916202311	15.015894871582665	17.401771314075592	19.497652016321894	CDM550 (Freundlich)	1.7999999999999999E-2	3.4000000000000002E-2	5.8000000000000003E-2	8.3000000000000004E-2	0.125	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	2.6727057703720636	3.6476745805539914	4.7362998048212255	5.643546184351286	6.8946447311730568	7.9438539456017283	9.6764389412856637	11.083481811108216	13.580608462837912	15.635811608065502	17.430839419232264	CDM350 (Freundlich)	1.7999999999999999E-2	3.4000000000000002E-2	5.8000000000000003E-2	8.3000000000000004E-2	0.125	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	0.93968784651143911	1.3496967633909152	1.8293288102543028	2.2434068671414802	2.8323902602208797	3.3402462347579691	4.202797833723741	4.9224901523628644	6.2362556033417205	7.3481645934991899	8.3393102867819859	PCO2 (atm)  

mg CO2 adsorbed/g char


MBM750 	0.83299999999999996	0.5	0.16700000000000001	21.122100000000046	13.532399999999994	8.757000000000092	MBM750 (Langmuir)	0.83299999999999996	0.5	0.16700000000000001	18.251802880441243	15.394325651564833	8.6440386439252883	MBM550 	0.83299999999999996	0.5	0.16700000000000001	26.836699999999922	19.226500000000044	12.863400000000098	MBM550 (Langmuir)	0.83299999999999996	0.5	0.16700000000000001	24.314601875832132	21.109961790969159	12.736666521504262	MBM350 	0.83299999999999996	0.5	0.16700000000000001	5.8307999999999538	4.1679000000000599	2.8491999999999962	MBM350 (Langmuir)	0.83299999999999996	0.5	0.16700000000000001	5.2601759429711556	4.5956727145719585	2.8192183175316989	MBM750 (Freundlich)	0.83299999999999996	0.5	0.16700000000000001	19.652269437413008	15.041092966589382	8.4678846239827887	MBM550 (Freundlich)	0.83299999999999996	0.5	0.16700000000000001	25.693823524859205	20.492681117673108	12.605453044542324	MBM350 (Freundlich)	0.83299999999999996	0.5	0.16700000000000001	25.693823524859205	20.492681117673108	12.605453044542324	MBM350 (Freundlich)	0.83299999999999996	0.5	0.16700000000000001	5.5621362054399812	4.4662073633116179	2.7873242164607066	PCO2 (atm) 

mg CO2 adsorbed/g char


C750 	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	4.4453999999998928	8.6891999999998859	9.2619999999999436	12.33370000000008	12.650200000000069	16.656600000000029	20.720199999999949	24.229799999999955	27.848100000000073	34.595500000000072	35.400199999999984	41.034599999999983	C750 (Langmuir)	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	4.2122093023255802	7.3575268817204309	8.7590673575129525	10.062499999999998	12.550319953461315	14.59639541234298	22.229847044233153	26.833333333333332	29.848314606741575	33.89473684210526	36.285521202905898	37.879678011580282	C550 	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	4.3804000000000087	7.3975000000000071	8.5907000000000266	9.0957000000000221	10.569399999999971	12.173200000000008	16.697000000000056	20.221599999999995	22.481400000000061	27.084899999999976	29.537399999999959	32.807999999999993	C550 (Langmuir)	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	3.4429530201342278	6.0065337577483673	7.1468452477005009	8.2062256809338532	10.225269556407847	11.882900006788404	18.044110866335366	21.742268041237114	24.157237070461647	27.38961038961039	29.294716674649617	30.563090412484126	C350 	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	1.0690999999999917	1.7316000000000997	1.9695000000000105	2.3199999999999932	2.4357999999999431	3.25160000000011	4.1864999999999952	5.7180999999999926	6.5937999999999874	8.4468000000001098	9.5068999999999448	11.033800000000014	C350 (Langmuir)	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	0.69521266450505437	1.2612200036636745	1.527752829171906	1.7841409691629955	2.29782369379287	2.7460991749040113	4.6615893583293131	6.044776119402985	7.067689053410894	8.6170212765957448	9.6445785283301788	10.383336924071282	C750 Freundlich	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	7.0898633736609913	9.4993265133510043	10.469047911610289	11.343281654254129	12.977974694993419	14.321497656642922	19.754320267566939	23.782905912631055	27.022711591925756	32.714381639706986	37.351702114919746	41.372257058262342	C550 (Freundlich)	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	5.9535945118067328	7.926329784242804	8.7170353207185194	9.428511323509607	10.755739773001979	11.843819131632953	16.222920392119313	19.452688345033717	22.041335134406221	26.573155381413098	30.252637972915686	33.434657266191138	C350 (Freundlich)	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	1.2355637513118451	1.7754269722565996	2.0026816854156189	2.2119368973033016	2.6134997820377786	2.9528021154746771	4.3985366928198628	5.535866847434681	6.4850417505221465	8.2181248188807103	9.6852660702879323	10.993284856040926	PCO2 (atm)  

mg CO2 adsorbed/g char


SP750 	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	4.6961000000000297	8.038099999999984	9.3574000000000961	9.8546000000000316	11.86170000000004	13.521400000000053	18.649699999999996	23.046999999999969	25.018200000000093	31.268500000000039	33.891500000000008	38.037699999999994	S750 (Langmuir)	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	3.6330275229357789	6.3931623931623935	7.6363636363636367	8.8000000000000007	11.04119850187266	12.904593639575973	20.021798365122617	24.444444444444443	27.39622641509434	31.428571428571427	33.85005767012688	35.481122942884802	SP550 	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	2.5999261174732173	4.5984088550674498	5.5051961112973506	6.3577235772357721	8.0100902002751866	9.3944130843826894	14.771405949553216	18.186046511627904	20.497220015885624	23.696969696969695	25.642495452534288	26.963284904176497	S550 (Langmuir)	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	2.5999261174732173	4.5984088550674498	5.5051961112973506	6.3577235772357721	8.0100902002751866	9.3944130843826894	14.771405949553216	18.186046511627904	20.497220015885624	23.696969696969695	25.642495452534288	26.963284904176497	SP350 	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	0.74669999999997572	1.2426000000000672	1.4382000000000517	1.6872000000000753	1.7851000000000286	2.5112000000000023	3.5369000000000024	4.7901000000000238	5.4395999999999844	7.4040999999999721	7.9453000000000893	9.4812000000000296	S350 (Langmuir)	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	0.50992484100982849	0.93298487959678944	1.1347178827421431	1.3303167420814481	1.7268343999298676	2.0780039172272846	3.6350040719626864	4.8196721311475414	5.7306556408741889	7.1707317073170742	8.1683675594618244	8.9077947113810794	S750 Freundlich	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	6.3566363608776211	8.57125432089612	9.4662170225680011	10.274606365413135	11.789745972169037	13.038150620067936	18.11031615088249	21.891780977663551	24.943123793602549	30.322513105972419	34.72069680093454	38.543614681707808	S550 (Freundlich)	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	4.6960566227443188	6.3725375396465651	7.0528099585384343	7.6684594323159478	8.8250754611810596	9.7804763368451031	13.680640431643512	16.604038300495475	18.970955856200565	23.158377255455612	26.593954575416991	29.587762433920538	S350 (Freundlich)	1.7999999999999999E-2	3.4000000000000002E-2	4.2000000000000003E-2	0.05	6.7000000000000004E-2	8.3000000000000004E-2	0.16700000000000001	0.25	0.33	0.5	0.66700000000000004	0.83299999999999996	0.9141597453143806	1.3474355602555514	1.5328086141414949	1.7048162168981693	2.0380343282936004	2.3224346457439591	3.5576474811094192	4.5503968131200949	5.390131599744362	6.9450850404493254	8.2798529530620595	9.4819861390401474	PCO2 (atm)  

mg CO2 adsorbed/g char


Soybean protein	350	550	750	9.4812000000000296	29.029699999999966	38.037699999999994	Digested manure	350	550	750	8.5309999999999775	17.803600000000017	19.476300000000034	Collagene	350	550	750	11.033800000000014	32.807999999999993	41.034599999999983	Meat and bone meal	350	550	750	5.8307999999999538	26.836699999999922	21.122100000000046	Pyrolysis temperature (ºC)
mg CO2 adsorbed/g char
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