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1. SUMMARY

The State of Tennessee, in partnership with the University of Tennessee (UT) and the Oak Ridge National
Laboratory (ORNL), has created the RevV! Manufacturing voucher program to help Tennessee
manufacturers gain access to the world-class resources at ORNL. As a part of this program, ORNL was
working with Proton Power, Inc. (PPI), a rapidly growing company located in Lenoir City, Tennessee.
PPI has developed a patented renewable energy system that uses biomass and waste sources to produce
inexpensive hydrogen gas or synthetic fuels which are economically competitive with fossil fuels. The
pyrolysis process used by PPI in their manufacturing chain generates significant amounts of black carbon
char as by-product.

The scope of ORNL collaboration with PPI was assessing the black carbon char as a potential feedstock
for activated carbon production, as this could be a potentially new revenue stream. During 2015-2016
ORNL received eight char samples from PPI and characterized their initial properties, simulated their
physical activation by carbon dioxide, prepared gram-size samples of physically activated carbons, and
characterized their surface and porosity properties. This report presents a summary of the work methods
employed and the results obtained in the collaborative project between ORNL and PPI.

2. OBJECTIVE

Pyrolysis of cellulosic biomass in the process patented by PPI generates a solid by-product in addition to
gaseous streams (volatile organic compounds and hydrogen) that are further processed into synthetic fuel
and clean hydrogen gas. The solid byproduct is pyrolyzed biomass, referred to as pyrogenic carbon or
carbon black. This material will be produced at large scale (about 6,000 tons per year) at the Rockwood,
Tennessee demonstration facility where PPI will produce about five million gallons of synthetic fuel. The
pyrolyzed biomass is either a significant disposal problem or a real financial opportunity if its properties
justify further conversion into a high value activated carbon. Based on PPI estimates, some grades of
activated carbon have a market value of about ten times (or more) compared with regular coal used for its
heating values. The question that ORNL needed to answer was whether the chars obtained in the
pyrolysis process have the potential to be converted, by activation, into activated carbon with competitive
properties. The prospect of converting the byproduct into a higher value carbon product is important not
only for the economics of PPI technology in general, but also as a source for expanding the Tennessee
economy and creating new jobs.

To answer this question, ORNL has analyzed the potential of converting PPI black carbons from different
bio-renewable sources into activated carbons, and evaluated the range of useful properties of such carbons
obtained by physical activation. Activated carbons are porous carbons with high surface area, high pore
volume, and tailored pore sizes. They can be used for gas adsorption and storage (carbon dioxide,
methane, propane, etc.), indoor air cleaning (carbon dioxide, odors), cleaning industrial gas emissions
(mercury from flue gas, other toxic compounds), recovery of volatile organic compounds (dry cleaning
units), etc. Other applications are in civil engineering (city water cleaning, drinking water purification),
food industry (molasses discoloration), and pharmaceutical industry (advanced purification), etc. Every
application requires carbons with some specific properties.

The problem is that not all chars can be successfully activated. The properties achieved depend on the raw
material’s structure and on the activation method. Physical activation is, in fact, a slow, controlled
oxidation process caused by high temperature reactions with carbon dioxide or steam. It is the most
common and less expensive process, in which part of the carbon mass is consumed to create the porous
network. The properties vary, depending on the raw material (hard wood, soft wood, grass, etc.) and on
the process conditions (temperature, duration, nature of oxidant). There is not known correlation between

1
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raw material source, process conditions, and the useful properties achieved at the end of physical
activation. ORNL’s task was to explore the behavior of chars of various origins in process conditions and
to compare the extent of usable properties obtained by activation. The activation agent was carbon
dioxide.

3. RESULTS
3.1 SAMPLES RECEIVED

ORNL received two groups of charred biomass from PPI (Table 1). The samples have been previously
milled (maximum grain size < 178 um, with the exception of sample 15-049) and acid-washed to remove
metallic impurities.

3.2 METHODS

Figure 1 shows a schematic of the procedures used in this project. As-received materials were first
characterized in their original state by gas adsorption (nitrogen) at 77 K. This technique provided the
initial Brunauer-Emmett-Teller (BET) method surface area, total pore volume, and the pore size
distribution. An automated Autosorb 1C (Quantachrome Instruments) was used for volumetric gas
adsorption measurements (nitrogen at 77 K).

Then the samples were analyzed by the thermogravimetric method (TGA) in nitrogen and (separately) in
carbon dioxide. A TA Q5000 (Thermal Analytics) thermobalance was used, which was operated with
either N, or CO, flowing gases. The runs in nitrogen up to 1000 °C were used to determine the volatile
content in each carbon. The runs in carbon dioxide were performed to simulate the activation step and to
characterize the kinetics of oxidation by CO, at two temperatures (700 and 800 °C). This exercise showed
that each carbon had specific oxidation kinetics (activation energy, pre-exponential term). This
information was used to estimate the duration of thermal treatment at each temperature that would lead to
weight losses between roughly 20 and 30 %.

As received

Activation 800 °C

Figure 1. Procedures used and analyses performed starting from fresh as-received chars.
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Activation of as-received materials was performed in flowing CO, at 700 and 800 °C using samples every
time. A horizontal furnace and a quartz tube (1 inch diameter) were used. The chars were held in
porcelain boats and placed in the center of the uniform temperature zone. After heating in flowing N, (in
order to protect the carbon from oxidation) the gas was switched to CO, and the sample was kept at the
programmed temperature for a length of time estimated from prior TGA simulations. Cooling was done in
flowing N,. The weight loss recorded for each sample and activation temperature was used as the index
for the degree of activation. Activated samples were kept in tightly closed vials. Each activated sample
was then characterized by new measurements of BET surface area and porosity. Figure 2 shows the
equipment used in the project.

Automated gas adsorption apparatus for BET

Thermogravimetric analyzer (TGA) used for and porosity analysis (Autosorb 1C)

volatile analysis and simulation of activation

Horizontal furnace and process tube used for activation in CO, Analytical balance

Figure 2. Equipment used in this project.
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3.3 RESULTS

3.3.1 TGA Analysis

Table 1 shows the results of initial TGA analysis in nitrogen. The weight loss percentages are provided
for four temperature ranges, corresponding to dehydration (30 to 120 °C), release of light volatiles (120 —
500 °C), pyrolysis and release of heavy volatiles (500 — 1000 °C) and isothermal treatment at 1000 °C.
The residues vary between 80 and 90 %. The respective TGA plots are provided in the Annex.

Table 1. Results of TGA analysis in flowing nitrogen

Weight loss %

Sample ID o o o o _ Origin
30-120 °C  120-500 °C  500-1000 °C 1000 °Ciso Residue

15-043 4.97 2.02 6.58 5.45 80.73  PPI Hardwood char
15-044 5.18 1.56 4.72 3.64 83.75  PPI Redwood char
15-045 5.99 2.76 5.44 3.60 82.21  PPI Switchgrass char
15-046 7.86 2.55 5.57 3.23 80.56  PPI Corn stoves char
15-049 5.96 1.92 4.20 1.89 85.96  PPI Hardwood char
16-004 3.04 2.64 491 2.97 87.10  PPI Chestnut oak
16-005 2.05 1.74 3.68 2.40 90.73  PPI White pine
16-006 1.62 1.63 5.48 3.23 88.70  PPI Yellow poplar

Table 2 shows the results of simulated activation runs using CO, as the physical activation agent. In these
runs the rates of oxidation at constant temperatures (600, 700 and 800 °C) were measured and then used
to estimate the apparent kinetic parameters 4 (frequency factor) and £, (activation energy) characteristic
to each material. The following equation was used;

; Am 1 Awt% Eqce
0 — — — — —act
Rate(%/min)=100 pyviniavake Aexp ( o )

In this Arrhenius-type equation 4m / At is the weight loss rate (mg/min) at constant temperature 7' (K), m,
is the initial sample weight (mg), and R is the gas constant (8.314 J mol"' K™"). The values of apparent
kinetic parameters obtained from this analysis are shown in Table 2. The TGA plots for each char at two
or three temperatures are provided in the Annex.

Data from Table 2 were used to estimate the duration of activation time corresponding to a target weight
loss at the preselected temperatures of activation for each carbon material. The following equation was
used:

J
. _ Awt% Eact(m)
At(min) = =5 €XP\ gamario
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A fair agreement was obtained between the actual weight loss obtained in practical conditions and the
targeted weight loss. This procedure was efficient for producing activated samples with close degrees of
activation, starting from materials with very different behavior. Indeed, one can see in Table 2 that and
the frequency factor drops across seven orders of magnitude from sample 15-043 to sample 16-005. This
trend correlates well with the variation of apparent activation energy which falls about seven times
between the same two samples.

Table 2. Apparent kinetic parameters for activation
in CO, estimated from TGA analysis

Sample Eact A

L) kJ/mol min” (2
15-043 153 1.9E+07 16.74
15-044 81 2.2E+03 7.71
15-045 122 4.7E+05 13.07
15-046 139 2.9E+06 14.89
15-049 131 1.2E+06 14.02
16-004 35 1.0E+01 2.32
16-005 20 1.9E+00 0.63
16-006 38 1.8E+01 2.91

3.3.2 Gas Adsorption Results

Results obtained from N, adsorption (at 77 K) are provided in Table 3. The as-received and activated
samples from the same char are grouped together to illustrate the progress of porosity with the activation
level. The latter is estimated by the weight loss (BO, or “burn-off”) in column 2.

Other columns in Table 3 show the BET surface area (Sggr, m*/g) calculated according to the standard
method developed by Brunauer, Emmett and Teller. The surface area values calculated from the density
functional theory (DFT) method is provided in the next column (Spgr, m*/g). It is normal that the two
values differ a little. While DFT calculations are based on the most advanced molecular simulation
method available now, and is more accurate than classical, thermodynamic methods, the BET method
continues to be a standard used in most laboratories. Both results are presented here for the sake of
comparison. Next, several values for the pore volume are provided. The total pore volume (V,, cm’/g) is
the volume of all pores with sizes below about 25-30 nm. It is calculated from the maximum amount of
nitrogen condensed as liquid in the accessible pores within that size range (larger pores would not fill
completely). The volume of micropores (Vmicro, cm’/g) is the volume of pores with sizes <2 nm. A subset
of micropores called ultramicropores and having sizes below 0.7 nm is also shown (V y.micro» cm’/ g). The
ultramicropores are the strongest adsorption sites of small molecule gases (H,, CO,, CHy, etc.). Larger
molecules, such as volatile organic compounds, are adsorbed in the larger pores still belonging to the
micropores space. The volume of even larger pores, mesopores with sizes > 2 nm, is shown next (V peso,
cm’/g). Mesopores are the avenues needed for quick access of gas molecules to their strong adsorption
sites in the micropores. Mesopores are also the locus for adsorption of large organic molecules or
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hydrated ions from aqueous media in applications such as water cleaning or electrical charge storage in
supercapacitors. The presence of mesopores is recognized by the existence of hysteresis between the
adsorption and desorption branches of the isotherms. The micropore volumes were calculated with the
quenched surface DFT (QSDFT) approximation for slit-shaped pores of carbon. The mesopores volumes
were evaluated from the desorption branch of isotherms using the method developed by Barrett, Joyner
and Halenda (BJH).

More information on the efficiency of activation for each type of char, and a rough measure of porosity
distribution between micropores (< 2 nm) and mesopores (> 2 nm), is available from the next two
columns of Table 3, which contain the ratios between micropore (mesopores) volumes and the total pore
volume. For most chars the ratio Vio/ V¢ increases and the ratio V./ V: decreases with the increase of
the activation level (measured by BO). This shows that physical activation performed here did not only
increase the total pore volume, but also did increase the proportion of micropores at the expense of
mesopores.

The average pore size is evaluated in two different ways. The values calculated by the DFT method (dpgr.
modes A) represent the statistical mode of the pore size distribution calculated in the QSDFT
approximation. These values are close to the size of ultramicropores (about 6-7 A) because this pore size
was present most frequently in the calculated distributions. The average pore size values (dayerage, A) is @
rough estimate of the pore diameter in the hypothetical situation that all pores have cylindrical shape, and
is obtained by the simple calculation d,yerage = 4 ¥ 10* x (V¢/ Sggr). These values have larger variation, as
they depend on both V,and Sggr.

The gas adsorption isotherms measured for each sample are provided in the Annex. Also provided are the
pore size distributions evaluated using the QSDFT approximation for equilibrium adsorption of N, in
carbon slit-shaped pores.

The next two figures compare nitrogen adsorption isotherms on as-received and activated samples. In
Figure 3 the N, isotherms for samples with common origin are compared at various levels of
modification: from the as-received state to the highest activated state (the state with the highest burn-off
degree). This figure illustrates the increase of the amount adsorbed during activation. Note that the
vertical axis has different ranges on each plot.

To ease the comparison between samples from different origins, the data are replotted in Figure 4 on a
common scale. The plots now show clearly that two materials, derived from chestnut oak and white pine
show the largest amounts adsorbed among all samples, with maximum BET surface area values around
950 — 1050 m*/g after activation at 800 °C.
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Table 3. Summary of surface and porosity properties measured by gas adsorption

Bo sBET sDFT Vt Vu—micro <7A Vmicro <20A \ meso dDFT—mode daverage Origm Flle
2 2 3 3 3 3 Vmicro/ vt Vmeso/ vt ° o

Sample % | m /g m/g| cm’/g cm’/g cm’/g  cm/g A A

15-043 0 152 139 0.15 0.01 0.05 0.09 0.33 0.60 7.85 40.1 AS621801
15-043-700 | 28 | 448 566 0.26 0.12 0.17 0.07 0.65 0.27 6.14 22.8 PPl Hardwood char | AS620401
15-043-800 | 38 | 730 894 0.40 0.17 0.27 0.10 0.68 0.25 6.14 21.8 AS612801
15-044 0 159 133 0.17 0.01 0.04 0.11 0.24 0.65 7.85 42.7 AS622201
15-044-700 | 20 | 354 437 0.21 0.09 0.14 0.06 0.67 0.29 6.14 23.3 PPI Redwood char AS620901
15-044-800 | 44 | 625 751 0.33 0.15 0.24 0.07 0.73 0.21 6.14 21.3 AS620101
15-045 0 207 208 0.19 0.02 0.08 0.11 0.42 0.58 6.14 37.5 AS622301
15-045-700 | 19 | 246 278 0.31 0.04 0.08 0.22 0.26 0.71 6.14 50.4 PPI Switchgrass char | AS6B1101
15-045-800 | 34 | 612 692 0.41 0.12 0.22 0.18 0.54 0.44 6.14 26.8 AS640101
15-046 0 333 374 0.27 0.06 0.12 0.13 0.44 0.48 6.14 32.1 AS622501
15-046-700 | 22 | 516 632 0.32 0.13 0.19 0.12 0.59 0.38 6.14 24.6 PPI Corn stoves char | AS681601
15-046-800 | 29 | 611 731 0.38 0.14 0.22 0.15 0.58 0.39 6.14 25.2 AS681801
15-049 0 38 24 0.04 0 0.01 0.03 0.25 0.75 6.14 64.4 PPl Hardwood char | AS582401
16-004 0 241 238 0.39 0.02 0.07 0.32 0.18 0.82 6.14 64.1 AS642901

PPI Chestnut oak
16-004-800 | 27 | 915 999 1.15 0.14 0.28 0.85 0.24 0.74 6.14 50.2 AS6B1701
16-005 0 351 417 0.26 0.07 0.13 0.13 0.50 0.50 6.14 29.4 AS650201
PPl White pine
16-005-800 | 39 | 1050 1080 | 1.44 0.15 0.33 1.06 0.23 0.74 6.14 55.1 AS6B1601
16-006 0 529 644 0.4 0.12 0.19 0.21 0.48 0.53 6.14 30.7 AS650301
PPI Yellow poplar

16-006-800 | 47 | 686 763 0.51 0.13 0.25 0.25 0.49 0.49 6.14 29.6 AS292601
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Figure 3. Nitrogen adsorption isotherms for samples with common origin, at various levels of activation. Note that individual

plots have different scales.
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Figure 4 (cont.). Nitrogen adsorption isotherms for samples with common origin, at various levels of activation. Note that all plots have the
same scale.
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4. CONCLUSIONS AND RECOMMENDATIONS

The results presented above suggest that the chars derived from Chestnut Oak and from White Pine have
the potential of being converted into porous carbons with surface area in the range of about 1000 m*/g.
Other wood essences (hardwood char, redwood char, yellow poplar) can also be activated to around 700
m’/g BET surface area. Based on data from open literature, the characteristics of these activated carbons
obtained from PPI proprietary chars are comparable to those of commercial carbons reported in the open
literature for applications in adsorption from solution.

In general, adsorption from solutions (aqueous or organic) follows a few rules of thumb' that indicate
what type of applications can be successfully pursued with various types of carbons:

e Large molecules adsorb better than smaller molecules

e Non-polar molecules adsorb better than polar molecules

e Non-soluble or slightly soluble molecules adsorb better than soluble molecules

e pH may have an effect on the extent of adsorption (depends on polarity and solubility)

e Temperature favors diffusion kinetics but lowers adsorbability

o Alcohols and aldehydes are poorly adsorbed because they are soluble and highly polar

Glycols are soluble and not very adsorbable
Amines adsorption is limited by polarity and solubility
Chlorinated organic compounds (aromatics, aliphatics) are quite adsorbable
High molecular weight organic compounds are more adsorbable

O O O O

Granular activated carbon (GAC) adsorbents for liquid applications can be classified in three categories:
e Bituminuous granular GAC — used for removing low concentrations of low molecular organic

contaminants from waters, can have BET surface area up to 900 m*/g;

e Lignite GAC — used mostly for larger molecules and decolorizing applications, has BET surface
area up to 650 m*/g

e Coconut shell-based GAC with BET surface area above 1000 m*/g — has narrower porosity
which causes slower diffusion from liquid phase, and is better used in gas-vapor applications.

Table 4 compares the relevant properties of best performing activated carbons obtained from PPI chars.
These data were selected from Table 3. For comparison, Table 5 shows the properties of several carbons
tested from mercury adsorption from flue gas” and from aqueous solutions.” Similarly, Table 6 shows a
few results from literature® on the activated carbons efficiency on metal recovery (Au) from aqueous
solutions.

!##* Engineering and Design Adsorption Design Guide, Department of the Army, U.S. Army Corps of Engineers, Design Guide
DG 1110-1-2 (1 Mar 2001).

2 M M Maroto-Valer, Y Zhang, E J Granite, Z Tang, H W Pennline, Effect of pore structure and surface functionality on the
mercury capacity of a fly ash carbon and its activated sample. Fuel 84 (2005) 105-108.

3 M. Zabihi, A Haghighi, A Ahmadpour, Studies on adsorption of mercury from aqueous solution on activated carbons prepared
from walnut shell, J. Hazard Mater. 174 (2010) 251-256.

4 ON Kononova, AG Kholmogorov, NV Danilenko, SV Kachin, GL Paskov, YS Knonov, ZhV Dmitrieva. Sorption of gold and
silver on carbon adsorbents from thyocianate solutions, Carbon 43 (2005) 17-22.
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Table 4. Best performing activated carbons derived from PPI chars (data selected from Table 3)

Carbon BET surface area V., (cms/g) d average (A) Source
(m*/g)
16-005-800 1050 1.44 55 PPI White pine - CO2 activation
16-004-800 915 1.15 50 PPl Chestnut oak - CO2 activation
15-043-800 730 0.4 22 PPI Hardwood char - CO2 activation
16-006-800 686 0.51 30 PPI Yellow poplar - CO2 activation
15-044-800 625 0.33 22 PPI Redwood char - CO2 activation
Table 5. Open literature examples of activated carbons properties used for mercury removal
Carbon BET surface V. d average Source Mercury capacity Refer
area(m’/g)  (cm’/g) (A) (mg/g) ence
From gas phase
DEM- 53 0.04 18 n/a 1.85
occl
AC-PCCI 863 0.49 23 n/a 0.23 2
Darco 700 n/a n/a commercial benchmark 2.77
From aqueous
solutions
Carbon A 780 0.43 1640 Walnut shells, Zn impregnation 151 3
Carbon B 803 0.39 176 Walnut shells, Zn impregnation 101
Table 6. Open literature examples of activated carbons properties used for gold recovery
Carbon BET vVt d average Source Gold Reference
surface (cm®/g) (A) capacity
area (mmol/g)
(m’/g)
BAU 760 0.7 37 charcoal 2.3 4
ABG 420 0.56 53 brown coal 1.3
uc 1450 0.52 14 cocoa stones 0.5
LK4 1643 0.65 16 Siberian anthracite 3

The tables shown above suggest that the activated PPI carbons have physical properties very much
comparable with those reported in these applications. There is not much clarity in the literature® on what
the main factors that control adsorption from solutions properties of activated carbons are. Along with
physical properties, the surface chemistry (presence of functional groups), solution chemistry (pH,
concentration, composition) and the nature of chemical species of interest play important roles. For this
reason, testing of a given (recommended) carbon in the real conditions of its possible application remains
a sure criterion for acceptance.

Adsorption from gas phase is better understood than adsorption from solutions. The gas adsorption
properties of activated carbons depend primarily on their BET surface area and the pore size of prevalent

> H Marsh and F Rodriguez-Reinoso, “Activated Carbon”. Elsevier, 2006.
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pores. Carbons with a large volume of narrow pores (micropores, less than 20 A) are most efficient for
adsorption of small gas molecules. Possible applications include gas storage (e.g. methane), gas
separation (CO2 from methane), volatile organic compounds recovery (in chemical industry, refineries,
dry cleaning units), etc. The benchmark of highly activated, ultramicroporous carbons with possible
applications for demanding gas adsorption processes (such as H, storage at cryogenic temperatures, low
pressure methane storage, etc.) have a large surface area (2500 — 2800 m*/g), significant volumes of
ultramicropores (< 7 A) and supermicropores (< 20 A) and narrow pore size distribution.

Many volatile organic compounds can be removed from vapor phase using activated carbons. In general,
non-polar organic compounds adsorb better than polar organic compounds, and higher molecular
compounds adsorb better than lighter ones.' Adsorption on activated carbons is frequently used for
removal of chlorinated solvents and aromatic hydrocarbon fuel components from air. It is more difficult
to adsorb aldehydes, ketones and alcohols, although they adsorb better from vapor phase than from
aqueous solutions where solubility is an additional factor.

The importance of measuring adsorption isotherms specific to each application cannot be stressed enough
when a decision is to be made about commercializing activated carbons. The reason is that adsorption
processes are usually complicated by factors that cannot be foreseen a priori. One of them — and very
important — is the competition exercised by other components, even minor, that might be present in a real
situation. It is known that water vapors hinder adsorption of small molecules or volatile organic
compounds from gas phase, and heavier hydrocarbons compete with lighter ones. Temperature is another
very important factor for gas adsorption. Lowering temperature will increase the adsorption capacity.
Since relative humidity in gases (air) depends on temperature, it is often necessary to determine which
combination of gas temperature and relative humidity works efficiently for a given application.
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Sample: Proton Power 15-043
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Method: Basic Carbon Ash
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Sample: Proton Power 15-044 (repeat)
Size: 42940 mg TGA
Method: Basic Carbon Ash
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Sample: Proton Power 15-045

Size: 68620 mg
Method: Basic Carbon Ash
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Sample: Proton Power 15-046
Size: 7.5790 mg TGA
Method: Basic Carbon Ash
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Sample: Proton Power 15-049
Size: 105520 mg
Method: Basic Carbon Ash
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Sample: Sample-16-004 (Chestnut Oak)
Size: 64100 mg TGA
Method: Heat Treatment
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Sample: Sample-16-005 (White Pine)

Size: 52740 mg
Method: Heat Treatment

TGA
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Sample: Sample-16-005 (White Pine)

Size: 52740 mg
Method: Heat Treatment
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Sample: Sample-16-006 (Yellow Foplar)
Size: 58370 mg
Method: Heat Treatment
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Simulation of physical activation by TGA in flowing carbon dioxide
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Sample: Proton Power 15-043
Size: 105480 mg TGA
Method: Activation test 700 C - 60 min
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Sample: Proton Power 15-043
Size: 7.2150 mg TGA
Method: Activation test 700 C - 60 min
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Sample: Proton Power 15-043
Size: 9.9730 mg TGA
Method: Activation test to 800 C
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Sample: Proton Power 15-043
Size: 87130 mg
Method: Activation test2 800 C - 60 min
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Sample: Proton Power 15-044

Size: 9.6100 mg

TGA

Method: Activation test 700 C - 60 min
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Sample: Proton Power 15-044
Size: 68800 mg
Method: Activation test 700 C - 60 min

TGA

100 800
95 - 600
o
<) 80.00min 90.86% - g
£ o0 -0.1147%/min 400 =
S .
@
L o
= 5763 =
L =
129187pin 85.11%
85 - 200
Temperature (°C) L
100 200 300 400 500 600 700 700 300 45
a0 — | R | 0
0 20 40 60 80 100 120 140 160

Time (min)

Universal V4 5A TA Instruments



Sample: Proton Power 15-044
Size: 91810 mg TGA
Method: Activation test2 800 C - 60 min
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Sample: Proton Power 15-044
Size: 12.3100 mg TGA
Method: Activation test to 800 C
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Sample: Proton Power 15-045
Size: 86210 mg TGA
Method: Activation test 700 C - 60 min
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Sample: Proton Power 15-045

Size: 65030 mg
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TGA

100 800
95 I
- 600
90 - O
9 i @
= =
< 80 21min 86 92% — 400 ®
kT -0.1385%/min I 8
= 3
85 I A
6.215%
124.82min ~ 200
80 |
Temperature (°C) L
100 200 300 400 500 600 700 700 400 44
75 Ny Y N < 0
0 20 40 60 80 100 120 140 160

Time (min)

Universal V4 5A TA Instruments



Sample: Proton Power 15-045

Size: 10.3480 mg

Method: Activation test2 800 C - 60 min
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Sample: Proton Power 15-045
Size: 8.6980 mg
Method: Activation test to 800 C
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Sample: Proton Power 15-046

Size: 82210 mg

Method: Activation test 700 C - 60 min
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Sample: Proton Power 15-046

Size: 117700 mg

Method: Activation test 700 C - 60 min
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Sample: Proton Power 15-046
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Sample: Proton Power 15-046
Size: 8.2780 mg TGA
Method: Activation test to 800 C
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Sample: Proton Power 15-046

Size: 9.7800 mg

Method: Activation test2 800 C - 60 min
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Sample: Proton Power 15-049
Size: 8.6920 mg TGA
Method: Activation test 700 C - 60 min
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Sample: Proton Power 15-049

Size: 9.6540 mg

Method: Activation test 700 C - 60 min
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Sample: Proton Power 15-049
Size: 14 5060 mg TGA
Method: Activation test to 800 C
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Sample: Proton Power 15-049
Size: 14 5060 mg TGA
Method: Activation test to 800 C
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Sample: Sample-16-004 (Chestnut Oak)
Size: 81300 mg TGA
Method: Activation test 600 C - 300 min
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Sample: Sample-16-004 (Chestnut Oak)
Size: 7.6500 mg TGA
Method: Activation test 700C - 300 min
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60 — 200
Temperature (°C) L
100 400 700 700 400
40 1 — 1 I I . . . I . . 1 I 0
0 100 200 300 400 500

Time (min)

Universal V4 5A TA Instruments



Sample: Sample-16-004 (Chesnut Oak)
Size: 81330 mg TGA
Method: Activation test 800 C - 300 min

120 1000
100 - 800
80T -0.2340%/min R )
= i o
= 29.36% i =
_'En (2.388mg) 4
o 29.36% L 4
= £
i - @
60 00 O
40 - 200
Temperature (°C)
00 400 700 800 800 100
20 A — . 1 I I . . I . . . I . . —1 I . 0
0 100 200 300 400 500

Time (min)

Universal V4 5A TA Instruments



16-004

-1.00
1.20
— -1.40
= ® ¢ 16-004
E -1.60 “\ — Linear (16-004)
£
£ 1.80
2 N
g .00 \
£ 220 ¢ <
2.40 $ y=-4171x + 2.3252
2 —
2.60 . | | | R2=0.87

0.0008 0.0009  0.001 0.0011 0.0012
1/7 (k)
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Sample: Sample-16-005 (White Pine)
Size: 57720 mg TGA
Method: Activation test 600 C - 300 min

120 800

100

Weight (%)

%)
L
®
[
80 2
7] -0.1334%/min ©
L
=
=
@
|_
60

Temperature (°C)

50 300 550 600
40 — "t —r 1 T T T T T T T _ T Tt T :
0 50 100 150 200 250 300 350 400

Time (min) Universal V4.5A TA Instruments
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Sample: Sample-16-005 (White Pine)
Size: 63120 mg TGA
Method: Activation test 700 C - 300 min

120 800
100 ~ 600
-0.1399%/min i
o
9 11.86% I rY
= D.7487m =
£ 80 { 9 400 2
= -
@
2 -8
V]
L =
60 - 200
Temperature (°C) L
100 400 700 700 500
40 1 — 1 I I . . . I . (- 1 I 0
0 100 200 300 400 500

Time (min)

Universal V4 5A TA Instruments



Sample: Sample-16-005 (White Pine)

Size: 7.0790 mg

Method: Activation test 800 C - 300 min

TGA

120 1000
100 I
— 800
80 1 -0.2606%/min 1 i
-600 O
9 - o
- =
.E“ 60 - %
QD L
= 3
- @
400 O
40 - I
- 200
20 - |
Temperature (°C)
D0 400 70D 800 800 100
0 1 | —L 1 | | . . —L 1 0
0 100 200 300 400 500

Time (min)

Universal V4 5A TA Instruments



-1.00

16-005

-1.20
= ¢ 16-005
€ _1.40
£ * — Linear (16-005)
X -1.60
g \
m
£ -1.80
£
| o>
2.00 ~@ y =-2379.9x+ 0.624
2 —
990 | | | | R? = 0.804
0.0008 0.0009 0.001 0.0011 0.0012

1/7 (k%)
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Sample: Sample-16-006 (Yellow Foplar)
Size: 7.0690 mg
Method: Activation test 600 C - 300 min

TGA

120 800
100 ~ 600
-0.1049%/min - .
. 1041% E
e (0.7361mg) I ®
= E
5 80 - 400 g
@
2 -8
V]
L =
60 - 200
Temperature (°C) L
50 300 550 600 600
40 ——" - ' I N N N — 0
0 50 100 150 200 250 300 350 400

Time (min)

Universal V4 5A TA Instruments



Sample: Sample-16-006 (Yellow Foplar)
Size: 61570 mg TGA
Method: Activation test 700 C - 300 min

Weight (%)

120 800
100 - 600
%)
-0.1574%/min 3 L -
15.78% E
80 - (0.9713mg) -400 3
©
L o
=
@
L =
60 - 200
Temperature (°C) L
100 400 700 700 500
40 1 — . ] I . . . I . . . I . . L. 1 I . . . 0
0 100 200 300 400 500

Time (min) Universal V4.5A TA Instruments



Sample: Sample-16-006 (Yellow Foplar)

Weight (%)

Size: 7.3740 mg TGA
Method: Activation test 800 C - 300 min
120 1000
100 ~ 800
-0.2794%/min I i
80 - -600 O
27.59% i —
{2.034mg) g
I ©
@
r o
60 — 400 QEJ
|_
40 — 200
Temperature (°C)
00 400 700 800
20 | 1 —L 1 | | I 0
0 100 200 300 400 500

Time (min)

Universal V4 5A TA Instruments



In[Rate(%/min)]

-1.00

16-006

-1.20
-1.40

¢ 16-006

-1.60

\ —— Linear (16-006)
N

-1.80
-2.00

-2.20

o y =-45453x+ 2.9117
R*=0.9752

-2.40
0.0008

0.0009

0.001  0.0011  0.0012
1/7 (K7)
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Characterization by gas adsorption of as-received and activated samples
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15-043 as received

sorption Data
© 13%4-2011. Quantachrome instruments

version 20

Report
Date: Fri Fed 19 2327:552016 Operstor: camon
Flename. 20621801 PP 15-043 RilLraw

15-043 25 receded

g
:
i

Beport
Operator: carbon
38621801 PP 15-043 uillraw

Date: FriFeb 19 2327:55 2016

aoie3g
658005
3K

3000°C
2801349
Autoord Ston 1

Nogen
1892 3 min

4 aolesg
65805
K

Sampls Weight
mw:‘

Autosom Station 1
Linear

Isotherm :

2801349

3000°C

10000 mm
3

Eff. ool stem ciam. (0):

Moving pt.avg:

400 A

T30 K

EIT. mol. ciameter (D):

o

N2 & 77 K 01 cardon (IR pore. QSOFT equilibrium mode!)
00000 - 1.0000

Thermal Transpiration:
Caic. Moos!:
Rel press. range:

ttrogen

10000 mm

0308 gec

Eff. ool stem clam. (0):
Liquid Density.

00 A
77380 K
0

16.

Eff. mol alameter (D):

Tempersture
Cross Saction:

o

Thermai Transpiration:
28013

Mowc. Wit

0808 g

Liquid Denstty:

16200 A

Croes Hction:

8013

MoMC. Wit

13

avan il Mgy

(Bch sunpy, 804 SAERENG

Pore wiom (A
DFT method summary

m'g

020 ocg
€100 A
0629 %
7850 A

13%9.161

Fitting error =
Pore width (Mode) =

Moving point average -

ORch 1S § sunpA

age 1001

Reigtve Fressue PRo

}Pagetof
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15-043 activated at 700 °C (28 % BO)

ASIGwin™ Sorpbion Data
and Reduction
© 1334-2011, Quantachroms instruments
version 24
Anshls
‘Operator: o Date: Fri Fed 05 1923:50 2016 Operstor: camon Date: 201602117
: < 15-043_acthated_700-C_28b0 Flename: ASE20401 PP 15-043 700C 28.2 80 raw
Sampie 15-043_3caed_700-C_28 bo (Protn Power) Commsnt:
30hms Outgas Temp: 3000°C Sampie Weignt: aox3g
Nirogen Molec. Wt: moiMg Non-ideaity: 6.580-05 1mmiig
16429 min Instrument: AdoEOrD Station 1 Batn temp.: 3K
Isotherm : Linear
Data
Thermai Transpiration o0 EfT. mol. dameter (D). 400 A EIT_call stem dlam. (d): 10000 mm
Aadsorbate Temparature 77350 K
Mosc. Wit 2803 Cross $action: 1620 w Liquid Density. Q808 gec

Valume @ STP ©ig)

e

11 EEEEEEEEE R

4
L3
o

Reigtve Pressure, PiPo

Report i (282672357 20160217 111614943} Page 1 of

ASIGWIn™ sorption Data -
‘Acquistiion and Reduction / 4T,
© 1334-2011, Quantachrome | Quantachrome
P T
Anstvts Report
‘Operstor: L] Date: Fri Feb 05 192350 2016 Operstor: «carbon Date: 20160217
sSampie ID: * 15043 _acmated 700-C_2800 FBsname: PP 15-043 700C 282 BO.raw
Sampie Desc: 15-043_acthated_700-C_28 bo (Proton Power) Comment:
‘Outgss Time: 30nrs Outgass Temp: 3000°C Sampils Weight: am3g
Anatysis gas: NRrogen Molsc. Wt 2801349 Non-iiealty: 6.582-05 1mTHG
‘Anatysis Time: 16429 min Instrument: Autosord Station 1 Bath temp.: 3K
DET : dV(d)
Data Reduction
Thermal Transpiration: o0 Eff.mol dlameter (D): 400 A Eff. oall stem glam. (d): 10000 mm
DFT mstnog Caic. MOGS:  N23 77 K 07 Carmon (si pore, OSDFT equilbrium mode)
Rel prass.rangs: 0,000~ 1.0000 Movingpt avg: 3
Adsorbate Nitrogen Temperature 77380 K
Molsc. Wt 28013 Cross Saction: 16200 ar Liquia Density: 0808 g
| g |
=
I v P |
] ooz
0200 — | E [
. .
‘
1
a '
E ] H m
£ H
‘ a
2 i i
B H
; 0120 —| H o §'
] : -]
2 .
: :
- oo
‘
V
H
H
0080 H
H
- 000

g
mg
Lower configence amit 6140 A
Fitting emror = 0257 %
Pors wiath (Mo0s) = 610 A
Maving point sverags 3

}Page 101
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15-043 activated at 800 °C (38 % BO)

ASIGWN™- -
Acquisttion and Reduction (1 AT
8 1384-2011, Guantschroms Instruments Guantachrome
20 \ e
Anabysls
Operator: ot Date: Fri Jan 29 07 3804 2016 o carbon Date: 2ME@NHT
Sampis ID: 215443 _3CIENeq_800-C_3800 Filenams: ASE1Z801 PP 15-043 800C S8.4B0.13W
sampls Dest: 154043 3cthated B00-C: 3800 (Protom Power) -
Outgas Time: 30ms ‘Outgss Temp: 3000°C Sample Weight: Q0E8g
Anatysis gas: NRrogen Moz Wt 03 g Non-ideality: 6.582-05 1/mmtg
Anatysis Thme: 13835 min Instrument: Autosarh Station 1 Bath temp.: 3K
Isotherm : Linear
Dats Reduction
Thermal Transpirstion: on Eff.mol dlamater (D): 400 A ETT. call stem diam. [d): 10000 mm
Adsorbate Mitrogan Temperaturs T35 K
Modsc. Wt 28013 Cross Saction: 18200 A Liguid Density: 0808 goo

Ags

“volume @ STP o

Ralztve Frassure FiPo

'Report k{S53104557 20160217 123240108} Page 1 of 1
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and Reduction : 4 "
© 1354-2011, Guantachroms Instruments Quantachrome
0 e
Anstysis Report
‘Operator: o Date: Fri Jan 29 073804 2016 ‘Operator: carbon Date: 20160217
Sampie ID: < 15-043_achated_800-C_380 FBename: ASE17801 PP 15-043 800C 38480 raw
Sampis Desc: 15-043_acthatied_ 00-C_3300 (Protn Power) Commant:
Outgas Time: 30ms Outgas Temp: 30 Sampie Weight: amsg
‘Anatysis gas: NErogen Molc. Wi: 019 HON-Kaalty 65205 LmmHg
Anatysis Time: 13835 min Instrument: AusosOr Station 1 Batn temp.: 3K
DET : dv(d)
Data
Thermal Transpirstion: o0 Ef.molL giamster (D): 400 A EMcelstemaam (0): 10000 mm
DFT matnog Caic. MoOS!:  IN2 3 77 K 07 caron (S pore. QSDFT equilionum mooe!)
Rel press.rangs:  0.0000- 10000 Moving pt.avg: of
adsorvate Nitrogen Temparaturs 77350 K
Mowc. Wt 28013 Cross Saction: 18200 W Liquid Density: 0808 gec
l o = I
| v = |
0360 [ ocu
0350 [ ocas
El
kS -
:
a
3 i
0200 [ oczs
s !
3 L]
g
| -
3
0120 — oes
0040 -
o000

Pore wom (4
DFT method _summary
Pore volume = 038t cog
SUTacs area = B|e11S mrg
Lowst connasnce amit = 6140 A
Fitting error = m %
Pore wiatn (Moos) = 6140 A
Moving point averags of

Report Id{16448422120160217 123536353} Page 10of 1



15-044 as received

ASIEWIN™- sorption Dats
Acquisition and Reduction AT
@ 1354-2011, Guantschroms Instruments Quantachrome
version 28
Anatysly Report
‘Operator: cC Date: Tue Feb 23 155824 2016 Operator: carhon Date: 201602726
Sampie ID: 15044 =5 recehed : 2622201 PP 15-044 Rl raw
‘sample Desc: 15044 25 receied (Profon Power) Comment:
‘Outgas Thme: 40mrs ‘Dutgas Temp: 300°C Sampls Weight: aoiiag
Anatysic gas: Niragen Modec. Wt 28034 g Hon-ideality: 658205 1mmig
Anatysis Thme: 13446 min Instrument: Autosart Station 1 Bath temp.: 3K
Isotherm : Linear
Data Reduction
Thermal Transpiration: on ETT. moL geameter (D): 400 A ETT. call stem atam. (a): 10000 mm
Adsorbate MNitrogan Temperaturs 3K
Molsc. Wit B3 Cross Saction: 16200 ar Liquid Density: 0808 gict

=

o
3
=

“olume @ STP ool

Reizive Fressure. FIFD

Feport K:{4519457 1320160226 100044336} Page 1 of 1
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ASIGWN™-

Acquisition and Reduction AT
@ 13542011, Quantschroms Guantachrome |
70 laseT o
Anatysis Report
Operator: CcC Date: Tue Feb 23 155824 2016 Operstor:  carbon Date: 201B0226
Sampie ID: 15044 =5 recehed Filenams: A2 PP 15-044 Rallraw
i z 15-044 Comament:
‘Ourtgas Thme: 40 ‘Outges Temp: 3M0°C Sample Weight: amiag
Anstysis gas: NRrogen Molsc. Ut TR 3 58205 1mmiHg
Anatysts Thme: 13446 min Instrument: Autosart Station 1 Bath temp._: 3K
dV{d
Data Reduction
Thermal Transpiration:  on M. mol dlsmeter (D): 400 A ENf.coll stem diam. {d): 10000 mm
DFT method Caic. Model: N2 3t 77 K on carbon (sIR pore, SDFT eguiliorium model)
Rsl press.rangs:  (0.0000-1.0000 Moving ptavg: 3
Ldsorbate Hitrogen Tempersture 3N K
Molsc. Wit B3 Cross 3action: 16200 a2 Liguid Density: 0308 g
| o |
v av
| |
oz00 |
5 =
: g
§ g
F H
= o T =
=
3
o
oo |

00000 150.0000

Pare wins

DFT msthod _summary

Fore volums = XN ooy
Surtace area = 13329 Mg
Lowsr confidsncs imit = 6140 A
Fitting srror 0613 %
Pors wiath (Mogs) = TE0 A
Moving point aversgs : 3

'Report k:{405802554-20160225 100317638 Page 1 of 1



15-044 activated at 700 °C (20 % BO)

ASIGWIN™-
Acquisttion and Reduction
@ 1584-201, Guantschroms Instruments
wersion 20
Anabysls Report
Operator: ot Date: Wed Feb 10 12006001 2016 Operstor:  carbon Date: 2607
Sample 1D 215-044_achuated 700-C_20bo Fllename: ASE0S01 PP 15-044 T0OC 20 BOaw
sampls Desc: 15-044_3ctnEted 700-C_20 bo (Prolon Power) Comment:
Outges Time: 30ms Dutgss Temp: 3000°C ‘Sampls Weight: agg
Anatysls gas: INRrogen Molec. Ut 80134 g Non-deality: 58205 1mAiHg
Anatysis Thme: 15805 min Instrument: Autosart Station 1 Bath temp.: 3K
Isotherm : Linear
Data Reduction
Thermal Transpirstion: o Eff mol dismster (D) 400 A Eff coll stem diam. {d): 10000 mm
Adsorbate Mitrogan Temperaturs T35 K
Molsc. Wit 28013 Cross Saction: 16200 A Liguid Density: 0808 gl

Ags

| =
Das

“elume @ STP oo

Reimve Fressoe, FR0

"Report k{774 245508 20160217 123824760} Page 1 of 1
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ASIWIN™-

Acquisiion and Reduction
B 13%4-2011, Guantachroms

Anatysts
Operator: oo Do Wed Fel 10 120060 2016 T carbon Date: 2HEQHTT
Sample 10: 215-044_acthated_700-C_20bo Fllaname: ASE0901 PP 15-044 T00C 20 BO.raw
Sample Desc: 15-044_3ctuated_700-C;_20 bo (Proton Power) -
‘Ourtgas Time: 30hrs ‘Outgas Temp: 3000°C Sample Weight: Mg
Anatysts gas: INRrogen Molec. Ut g Non-deality: .502-05 1mmiig
Anatysis Time: 1580.5 min Instrument: Autosord Station 1 Bath temp.: TI3K
DFT: dv(d
Data Reduction
Thermal Transpiration: o ETf.mol diamster (D): 400 A ETT. call stem diam. [d): 10000 mm
DFT mathod Cailc. Model: N2 K on carnon (sik pore, QSDFT equilioriem model)
Rsl press.range:  (0.0000-1.0000 Moving ptavg: 3
Adsorbats MNitrogen Temperaturs T3 K
Mok Wit 28013 Cross 3sction: B0 a Liguid Dansity: 0808 giot

Cumulalve Rom Yolume @olg)

0y Pk (b p

DFT method summary

POrs volums = 0184 colg
Surfacs ares = G722 Mg
Lower confidence Imit = Bi40 A
Fitting srros 0@ %
Pora width (Mods) = B0 A
Moving point averags : 3

Report k7S5 1467720160217 124145374} Page 1 of 1



15-044 activated at 800 °C (44 % BO)

sawn™ sorption Data SGwn™-—
Acquisition and Reduction i - Acquisition and Reduction
© 1334-2011, Quantachrome instruments ©1584-2011, Quantachroms
version 20 version 28
Report Anabysls Report
o Date: Tue Feb 02 (34420 2016 Operstor:  carton Date: 20160217 Operator: o Darte: Tue Fed (2 (344202016 Operstor:  camon Date: 20160217
15-044_acthated_800-C_t4 bo Fsname: ASE20101 PP 15-044 B00C 44 BO.raw Sampls ID: - 15-044_aciated B00-C_44 bo Fllename: ASENT PP 15-044 800C 44 BO.raw
15-044_actated_800-C_44 bo (Proton Power) Comment: Sample Desc: 15-044_3cihated_300-C_L4 ba {(Proton Power) Comment:
30ms Outgas Temp: 3000°C Sampils Weight: amsg Outgss Time: 30nms Outgss Temp: 3000°C Sampie Weight: 0sEg
Nirogen Molec. Wt 280139 3 6.580-05 1/mmig Analysts gas: NEmgen Molsc. UVt TR Non-idsalty: 6 58205 1mmg
956.0 min instrument: Autosor Stason 1 Batn temp.: 3K Analysis Time: 2550 min Instrument: Autosor Station 1 Bath temp.: TI3K
Isotherm : Linear DFT: dv(d
Dita Data Reguction
Thermal Transpiration: on M. mol aiameter (D) 400 A ETT_call stem alam. (d): 10000 mm Thermal Transpiration: on Eff. mol diameter (D): 400 A ETT. call stem diam. [d): 10000 mm
Agsorvate Nitrogen Temparature 77350 K DFT msthod Calc Model: N2 2177 K on carbon (IR pore, QSDFT equiliarkem mossl)
Mossc. Wit 28013 Cross Ssction: 16200 Liquia Denlty. as08 ges Rel pressrangs:  00000- 10000 Moving ptavy: 3
sdsorbats Hitrogen Tempersture T K
| ) | - Molsc.WH: 28013 Cross ssction: 16200 Liguid Denstty: 0808 gloo
| - [ =
o
1=
| ¥ |
20000 oo
e H [oes
: E
B g
z z
£} H g
: i
5
E . [ oois
e o
E
3
= |
000
0000
Pore wiom (4
e DFTmethod summary
Pors volums 0300 cog
urtace srea 751437 mrg
Lowsr confidence Bmit B0 A
Fitting srror = anz %
Fors wigth (Moos) = 610 A
Moving point averags : 3
Reismue Pressire BP0
"REpOrt K (409662985 20160217 124516446) Page 1 of 1 Fepart Ki{ 122182134 20160217 12470408} age 1 of 1
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15-045 as received

iQwin™.- Gas Sorption Data - Q ® ASiQwin™.- A Gas Sorption Data
Acquisition and Reduction [ Acquisition and Reduction 7 4
© 1994-2011, Quantachrome Instruments © 1934-2011, Quantachrome Instruments | Quunlathrome
version 2.0 version 2.0 Teiciues -
Report Analysis Report
GG Date: Wed Feb 24 11:41:50 2016 Operator: carbon Date: 2018/11/14 Operator: cc Date: Wed Feb 24 11:41:50 2016 Operator: carbon Date:2016/11/14
15-045 as received Filename: asf22301 PP 25-045 full gps Sample 1D: 15-045 as received il 3 as822301 PP 25045 full.qps
154045 as received (Proton Power) Comment: Sample Desc: 15-045 as received (Proton Power) Comment:
4.0 hrs Outgas Temp: 200.0 *C. Sample Weight: 0012g Outgas Time: 40hs Outgas Temp: 300.0°C Sample Weight: 00129
Nitrogen Molec. Wt 280134 g Non-ideality: 6.58e-05 1/mmHg Analysis gas: Nitrogen Molec. Wt 2801349 Non-ideality: 6.58e-05 1/mmHg
1043.9 min Instrument: Autosorb Statien 1 Bath temp.: TT3K Analysis Time: 1049.9 min Instrument: Autosorb Station 1 Bath temp.: T13K
Isotherm : Linear DFT: dV(d)
Data ion Parameters- Data
Thermal Transpiration: on Eff. mol. diameter (D): 4.00 A Eff. cell stem diam. (d}: 1.0000 mm Thermal Transpiration: on Eff. mol. diameter (D): 4.00 A Eff. cell stem diam. (d): 1.0000 mm
Adsorbate Nitrogen Temperature T7.350K DFT method Calc. Model: N2 at 77 K on carbon (slit pore, QSDFT equilibrium model)
Molec. Wt.: 28013 Cross Section: 16.200 a4 Liguid Density: 0.808 gloc Rel. press. range: 0.0000 - 1.0000 Moving pt. avg: 3
Adsorbate Nitrogen Temperature 77.350K
| | o Molec. Wt.: 28.013 Cross Section: 18.200 w Liquid Density: 0.808 gics
[ s [ Des
12000 |

)
)

Comaktve Pore Volime (o)

“olime @ STP (oo

40m

DFT method summary

Pore volume = 0.159 colg
Surface area = 208.262 m%g
Lower confidence limit = 8140 A
Fitting error = 0543 %
Pore width (Mode) = 8140 A
Moving point average : 3
000 a4 a8 a8
Relathe Pressure, PPo
Report id: [E8458554: 20181114 115731425] Page 1 of 1 Report id:{718888139:20161114 115917552} Page 1 of 1

71



15-045 activated at 700 °C (19 % BO)

ASiQuin™-
Acquisition

2 1934-2011, Quantachrome Instruments
version 2.0

Gas Sorption Data
and Reduction

Cruunlat hrome |

Bnalysis Report
Operator: Date: Sat Now 12 07:47:45 20160perator:  carbon Date: 2018/11/14
Sample 10: Pmn Power 15-045-T00 (19% BO) Filename: ASEB1101 PP 15-045 70D C 19 BO (R).raw
Sample Desc: ey Comment:
Outgas Time: 3.0 s Outgas Temp: 380.0 °C Sample Weight: 0.023g
Analysis gas: Mitrogen Molec. Wt: 280134 g MNon-ideality: 6.58e-05 1/mmHg
Analysis Time: £24.T min Instrument: Autosorb Station 1 Bath temp.: T13K
Isotherm : Linear
Data Parameters
Thermal Transpiration: on Eff. mol. diameter (D): 4 IX) A Eff. cell stem diam. (d): 1.0000 mm
Adsorbate Nitrogen Temperature
Molec. Wt.: 28.012 Cross Section: Liquid Density: 0.808
| [
=
| Az | =
20000 ~ |
18200 |
? 12000 |
&
=1
H
5000
0o |

a0 040

Relathe Pressure, RO

Report i:{167418241: 20161114 113838633) Page 1 of 1
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ASiGwin™- Gas
© 1994-211, Quantachrome Instruments

Data

Cruambat hirome |

version 2.0
Analysis Report
Operator: cc Date:Sat Nov 12 07:47:45 2016 0perator: Date: 2016/11/14
Sample 1D: Proton Power 15-045-T00 {19% BO) Filename: J\S&Bnmpﬂmmcmw(mm
Sample Desc: repeat Comment:
Outgas Time: 3.0 hrs. Outgas Temp: 380.0 *C Sample Weight: 0023 g
Analysis gas: Nitrogen Molec. Wt 280134 g Non-ideality: 6.58e-05 1/mmHg
Analysis Time: 824.7 min Instrument: Autosorh Station 1 Bath temp.: TT3K
DET: dvi(d
Data ion Parameters-
Thermal Transpiration: on Eff. mol. diameter (D): 4.00 & Eff. cell stem diam. (d): 7.0000 mm
DFT method Cale. Model: N2 at 77 K on carbon (slit pore, DFT equilibrium model)
Rel. press. range: 0.0000 - 1.0000 Moving pt. avg: 2
Adsorbate Mitrogen Temperature T7.250K
Molec. Wt.. 28.013 Cross Section: 18.200 p Liquid Density: 0.808 gloc
| g |
=)
| v v |
az0 | [ oo
LA [ aon
§ 010 | [ oos %
=
: g
g
] Qs
o0 | : —
o O e N e B o o 0,000

160.000

Pore widn (#)

DFT method summag

Pore volum

Surface area

Lower confidence limit =
Fitting error =

Pore width (Mode) =

3
477 7:}:) mg

Moving point average : ]

Report id:{1177961072:20161114 114313563 Page 1 of 1



15-045 activated at 800 °C (34 % BO)

©1994-2011, Quantachrome Instruments

version 2.0
Analysis Report
Operator: cc Date:Sat Apr 02 04:41:42 2018 Operator: carbon Date: 2018/11/10
Sample ID: : 15-045 - 34.4% b/ at 800 C (Proton Power) Filename: AS340101 PP 15045 800C 34 BO.raw
Sample Desc: 15-045 - 34.4% bio at 800 C (Proton Power) Comment:
Outgas Time: 6.0 hrs Outgas Temp: 300.0 *C Sample Weight: 0.0295 g
Analysis gas: Nitrogen Molec. Wt 2801349 Non-ideality: 6.582-05 1/mmHg
Analysis Time: 565.1 min Instrument: Autosorh Station 1 Bath temp.: 2K
Isotherm : Linear
Data ion Parameters
Thermal Transpiration: on Eff. mol. diameter (D): 400 A& Eff. cell stem diam. (d}: 1.0000 mm
Adsorbate Nitrogen Temperature 7
Molec. Wt.: ZB.012 Cross Section: Liquid Density: 0.808 g
| [ -
=)
| Ads [ Des

“olime @ STP (oo

24000 T |

20000 |

16000 |

12000

00 |

Q0

040 o) o

Relzthe Pressure. PRO

Report id{1115924508:20161110 160855764} Page 1 of 1
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ASiQwin™- Gas Sorption Data
Acquisition and Reduction &3
© 1994-2011. Quantachrome Instruments Cuanbathrome
version 2.0 Vianaes]
Analysis Report
Operator: GG Date:Sat Apr 02 04:41:48 2018 Operator: carbon Date: 2016/11/10
Sample ID: : 15-045 - 34 4% bio at 800 C (Proton Power) Filename: ASE40101 PP 15045 200C 34 BO.raw
Sample Desc: 15-045 - 34.4% bio at 800 C (Preton Power) Comment:
Outgas Time: 6.0 hrs Outgas Temp: 200.0°C Sample Weight: 0.0295 g
Analysis gas: Nitrogen Molec. Wi 280134 g Mon-ideality- 6.58205 1/mmHg
Analysis Time: 965.1 min Instrument: Aurtosorh Station 1 Bath temp.- TT3K
DFT: dv(d
Data ion Parameters-
Thermal Transpiration: on Eff. mol. diameter (D): 4.00 A Eff. cell stem diam. {d): 1.0000 mm
DFT method Calc. Model: M2 at 77 K on carbon (slit pore, QEDFT equilibrium model)
Rel. press. range: 0.0000 - 1.0000 Moving pt. avg: off
Adsorbate Mitrogen Temperature T7.380K
Molec. Wt.: ZE.012 Cross Section: 16.200 a2 Liquid Density: 0.808 ¢
| g |
=)
| . av |
0360
0280
5 g
2 8
g wm g
g ]
H
oz |
LI R

o N e e O e e B 0,000

2000 160.0000

Pore widh (A)

DFT method summary
Pore volum 0.255
Surface area
Lower confidence lim
Fitting error =
Pore width (Mode) =

Moving point average : off

Report id: (857225503 20161110 161112247} Page 1 of 1



a ASiQwin™- Gas Sorption Data
Acquisition and Reduction

15-046 as received

ASiQwin™- Gas Sorpti
©1394-2011, Quantachrome Instruments

Cruanlachrome |

© 19942011, Quantachrome Instruments. QuimLachrame | version 2.0 -
version 2.0 veTstMnATIN
Analysis Report
i - cC Date: Fri Feb 26 10:38:12 2018 Operator: carbon Date: 2016/02/26
Analysis Report Operator: . T .
Operator: cc Date: Fri Feb 26 10:35:12 2016 Operator:  carbon Date: 2016/02/26 Sample 10: :5046 as 'm!vz Filename: as622501 PP 15-046 full rep.raw
Sample 1D: 15-046 as received Filename: 2s622501 PP 15048 full rep.raw Sample Desc: 5-048 a= received (Froton Power) Comment: .
Sample Dese: 15-046 as received (Proton Power) Comment: Outgas Time: 12.0 hrs Qutgas Temp: 200.0 *C Sample Weight: 00121g
QOutgas Time: 12.0 hes Outgas Temp: 3000 °C Sample Weight: 0.0121g Analysis gas: . Molec. Wit 2014y Non-ideality: 6.582-05 1/mmHg
Analysis gas: Nitrogen Molec. Wi: 28.0134 g Non-ideality: 8. 1/mmHg Analysis Time: 1420.9 min Instrument: Autosorh Station 1 Bath temp.- 73K
Analysis Time: 1420.9 min Instrument: Autosorb Station 1 Bath temp.: TT2K dvid
Isotherm : Linear
Data Parameters.
Data Thermal Transpiration: on Eff. mol. diameter || A Eff. cell stem diam. (d}: 1.0000 mm
Thermal Transpiration: on Eff. mol. diameter (D) 4.00 A Eff. cell stem diam. (d): 1.0000 mm DFET method Calc. Model: NZ st 77 Kar_carbor (slit pore, QEDFT equilibrium model) .
Adsorbate Nitrogen Temperature T7.350K adsorhat E?tl- press. range: 0.0000 - 1.0000 T . . Moving pt. avg: 2
;o B0 18.200 : 0.808 gicc Adsorbate rrogen ‘emperature
Molec Tt = Eross Section B Liquid Density: - Molec. Wt: 28.013 Cross Section: Liquid Density: ~ 0.808 gicc
| _— | |
\ A | Do =
| v a |
7 [ aote
020 |
] B
2
=
0120 | g
g [5]
g ] [ a0
[T
o N o O e B 0000
10000 160.0000
Pore Wi (A)
DFT method _summary
Pore volume = 0.228 coi
Surface area = 372.532 m¥
Lower confidence limit = 5.140 A
Fitting error = 0448 %
Pore width (Mode) = 5140 A
Moving point average : 3

a0 040 a5

Relathe Pressure, PFPo

Report i-[235576390:20
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15-046 activated at 700 °C (22 % BO)

iOwin™.- Sorption Data
© 1994-2011, Quantachrome Instruments Cruumbathrome |
version 2.0 T T
Report
ng Date:Wed Aug 17 03:59:30 2016 Operator: carbon Date: 2016/11/10
: Proton Power 15-0468 activ. @ T00C - 21.8 % bio Filename: ASS21601 PP 15-046 TOOC 22 BO.raw
Proton Power 15-048 activ. @ T00C - 21.8 % ble Comment:
2.5 s Outgas Temp: 300.0 °C Sample Weight: 00152 g
Nitrogen Molec. Wt 280134 g Non-ideality: 6.582-05 1/mmHg
£38.7 min Instrument: Autosorb Station 1 Bath temp.: 3K

Isotherm : Linear

Data ion Parameters:
Thermal Transpiration: on Eff. mol. diameter (D): .00 A Eff. cell stem diam. (d}: 1.0000 mm
Adsorbate Nitrogen Temperature TT.350K
Molec. Wt.: Z8.012 Cross Section: 16.200 W Liquid Density: 0.808 g
| [
=)
| s | =

@ETP o

a0 040 asa a8

Relatie Pressure, PPo

Report id[466251869:20161110 161839655 Page 1 of 1
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ASiGwin™- Gas Sorption Data
© 19342011, Quantachrome Instruments Quuntachrome |
version 2.0 Vinaneel
Analysis Report
Operator: ng Date: Wed Aug 17 03:59:30 2016 Operator: carbon Date: 2018/11/10
Sample 1D : Proton Power 15-046 activ. @ 700C - 21.8 % bic Filename: ASS81801 FF 15-046 TOOC 22 BO.raw
Sample Desc: Proton Power 15-046 activ. @ T00C - 21.8 % ble Comment:
Outgas Time: 25 s Outgas Temp: 300.0°C Sample Weight: 00152 g
Analysis gas: hitrogen Molec. Wt 280134 g Mon-ideality: 6.58e-05 1/mmHg
Analysis Time: 836.7 min Instrument: Autosorb Station 1 Bath temp.: TTIK
DET: dv(d
Data ion Parameters:
Thermal Transpiration: off Eff. mol. diameter (D): 4.00 A Eff. cell stem diam. (d): 1.0000 mm
DFT method Calc. Model: M2 at 77 K on carbon (it pore, QEDFT equilibrium model)
Rel. press. range: 0.0000 - 1.0000 Maoving pt. avg: 3
Adsorbate Nitrogen Temperature
Molec. Wt.: ZB.012 Cross Section: Liquid Density: 0.808 gico
| g |
=)
| v v |
0280 0038
.g 0200 oo
H =
£ —] — =3
z
: £
E
5 om [ oo
oo [ [
200
10000 160.0000
Pare wiin (A)

DFT method summary
Pore volume = 274
Surface area =

Lower confidence limit = 40 A

Fitting error = 0.288 %

Pore width (Mode) = 140 A
Moving point average : & ]

Reeport id:{513626862: 20161110 162135252} Page 1 of 1



15-046 activated at 800 °C (29 % BO)

ASiGwin™- Gas Sorption Data
© 1994-2011, Quantachrome Instruments Cruunlat hrome |
version 2.0
Analysis Report
Operator: oo Date: Fri Aug 19 08:08:14 2016 Operator:  carbon Date: 2016/11/10
Sample 1D: : Proton Power 15-048 activ. @ B800C - 29.3 % b/o R Filename: AS681801 PP 15-0468 800C 29 BO.raw
Sample Dese: Proton Power 15046 activ. @ 800C - 25.2 % bio repe Comment:
Outgas Time: 2.5 hrs Outgas Temp: 300.0 °C Sample Weight: 0.0138 g
Analysis gas: Nitrogen Molec. Wt 280134 g 6.58e-05 1/mmHg
Analysis Time: TE2.T min Instrument: Autosorb Station 1 TI3K
Isotherm : Linear
Data
Thermal Transpiration: on Eff. mol. diameter (D): 4.00 A Eff. cell stem diam. (d): 1.0000 mm
Adsorbate Nitrogen Temperature T7.350K
Molec. Wt.: 28012 Cross Section: 16.200 Liquid Density: 0.808 gicc
| | o
| oz | o=
24000 |
20000 — |
g 15000 |
&
@

12000

0o |

040 Q80 0
Relzive Pressure, BiF0

Report id:{83615T127:20161110 162834470} Page 1 of 1
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Gas 54

ASiGwin™-

isition and Reduction

Aequi
© 1994-2011, Quantachrome Instruments
version 2.0

tion Data

QuunLathrome |

Report
Date:Fri Aug 15 08:08:14 2016 Operator:

Operator: oo carbon Date: 2018/11/10
: Proton Power 15-046 activ. @ 800C - 29.2 % b/o R Filename: AS681801 PP 15-046 200C 29 BO.raw
Proton Power 15048 activ. @ 800C - 29.3 % bic repe Comment:
Outgas Time: 25 s Outgas Temp: 300.0 °C 00138 g
Analysis gas: Nitrogen Molec. Wt 280134 g 6.58e-05 1/mmHg
Analysis Time: T58.T min Instrument: Autosorb Station 1 TT3K
DET : dV(d
Data Parameters:
Thermal Transpiration: on Eff. mol. diameter (D): 4.00 A& Eff. cell stem diam. {d): 1.0000 mm
DFT methed Cale. Model: M2 5t 77 K an carbon (slit pare, QSDFT equilibrium modsl)
Rel. press. range: 0.0000 - 1.0000 Moving pt. avg: 2
Adsorbate Nitrogen Temperature TT.350K
Molec. Wt.: 22012 Cross Section: 1 D e Liquid Density: 0.808 g/
| g |
1=
| v av |
a0 " | [ o041
0280 00
H g
2 o ams &
=
: £
- |
H
a1 [ oo
[T —
el lmle == I 2000

20000

Fare wih (A)

160.0000

DFT method summary
0.3

Pore volume =

Surface area =

Lower confidence limit =
Fitting error =

Pore width (Mode) =

Moving point average :

Report id:{660053545:20161110 16205487 Page 1 of 1



a ASiGwin™-
Acquisition and Reduction
© 1994-2011, Quantachrome Instruments
version 2.0

Gas Sorption Data

15-049 as received

Quuntalirome |

€ 1934-21, Quantachrome Instruments
wversion 2.0

Cuanlac irame |

Analysis Report Analysis Report
Operator. cc Date:Tue Mar 01 03:10:35 2016 Operator: _carbon Date: 2016/03/04 Operator: cc Date:Tue Mar 01 02:10:35 2016 Operator-  carbon Date: 2016/03/04
Sample 1D: 15043 as received Filename: asB22501 PP 15-049 full.raw Sample 1D: 15049 as received Filename: asB22501 PP 15049 full.raw
Sample Desc: 15-043 as received (Proton Power) Comment: Sample Desc: 15049 as received (Proton Power) Comment:
Outgas Time: 6.0 hrs Outgas Temp: 300.0 °C Sample Weight: 0.0165 g Outgas Time: 6.0 hrs Outgas Temp: 300.0 *C Sample Weight: 0.0165 9
Analysis gas: Mitrogen Molec. Wt 280134 g Non-ideality: 6.582-05 1/mmHg Analysis gas: Mitrogen Molec. Wt: 280134 g Non-ideality: 6.582-05 1/mmHg
Analysis Time: T12.0 min Instrument: Autosorh Station 1 Bath temp.: TT3K Analysis Time: T12.0 min Instrument: Autosorb Station 1 Bath temp..: TIIK
Isotherm : Linear DET : dvi(d
Data Parameters: Data Parameters:
Thermal Transpiration: on Eff. mol. diameter [D): 400 A Eff. cell stem diam. (d): T.0000 mm Thermal Transpiration: on Eff. mol. diameter (D}: 4.00 A Eff. cell stem diam. (d): 1.0000 mm
Adsorbate Nitrogen o Temperature _73.35:”( o ) DFT method Calc. Model: M2 at 77 K on carbon (=lit pore, QSDFT equilibrism model)
- Molec. Wt.: 25012 Cross Section: 5200 & Liquid Density: - Rel. press. range: 0.0000 - 1.0000 Moving pt. avg: 3
Adsorbate Mitrogen Temperature T7.350K
| | - Molec Wit 22013 Cross Section:  16.200 a Liquid Density:  0.808
=
== | |
o |
H
| W o |
om0 |
g 0028
H — 2
£ =4
[
: £
= oo |
i g
& —
@
H antz
[T
oo 160.0000
Pare widn (#)
DFT method summary
Pore volume = 0.039
Surface area = 1
Lower confidence limit =
Fitting error =
Pore width (Mode) =

040

Q80

Relatve Pressure, PPo

Report id: {3847 1847:20160304 031422176} Page 1 of 1
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Q ASiGwin™- Gas Sorption Data

Acquisition and Reduction
© 1994-211, Quantachrome Instruments

16-004 as received

version 2.0 o
Analysis Report
Operator: cc Date: Sat Apr 30 07:20:42 2018 Operator: carbon Date: 2018/05/05
Sample 1D: : 16004 (Chesnut Oak - Proton Power) Filename: — ASS42301.raw
Sample Desc: 16-004 (Chesnut Oak - Proton Power) Comment:
Qutgas Time: 6.0 hrs Outgas Temp: 200.0 *C Sample Weight: 0.057T1g
Analysis gas: Nitrogen Molec. Wt 2801349 Non-ideality: 6.58e-05 1/mmHg
Analysis Time: 1403.9 min Instrument: Autesorh Station 1 Bath temp.: TT3K

Isotherm : Linear

Data ion Parameters-
Thermal Transpiration: on Eff. mol. diameter (D): 4.00 A Eff. cell stem diam. (d): 1.0000 mm
Adsorbate Mitrogen Temperature T7.350K
Molec. Wt.: Z2B.012 Cross Section: 16.200 u Liquid Density: 0.808 glcc
| [
=
| A5 | Des
24000 |
20000 |

Volime @ ST e

16000 |

12000 — |

4000

200 040 08d

Relathve Pressure, PPo

Riport id:[24761565: 20160505 153543694 Page 1 of 1
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iQwin™.- Sorption Data
© 1994-2011, Quantachrome Instruments Quanlaclirome
version 2.0 vt i
Report
(v o] Date:Sat Apr 30 07:30:49 2016 Operator:  carbon Date: 2016/05/05
: 16-004 (Chesmut Oak - Proton Power) Filename: — ASS42901.raw
16-004 (Chesnut Oak - Proton Power) Comment:
Qutgas Time: 8.0 hrs Outgas Temp: 200.0 °C Sample Weight: 0.0571 g
Analysis gas: Nitrogen Molec. Wt 2801349 Non-ideality: 6.58e-05 1/mmHg
Analysis Time: 1403.3 min Instrument: Autosorb Station 1 Bath temp.: TT3IK
DET : dV{d
Data
Thermal Transpiration: @n Eff. mol. diameter (D) 4.00 & Eff. cell stem diam. (d): 1.0000 mm
DFT method Calc. Model: NZ at 77 K on carbon (shit pore, QSDFT equilibrium model)
Rel. press. range: 0.0000 - 1.0000 Moving pt. avg: 3
Adsorbate Mitrogen Temperature TT.350K
Molec. Wt.:  28.013 Cross Section: 18200 a2 Liquid Density: 0.808 glcc
| g |
=)
| v av |

LIT A

00057

Q.01

B G

7 00024

00000

0,000 160.0000

Pare widh (A)

DFT method summary
0.322

Lower confidence limi
Fitting error =
Fore width [Mode) =

Moving point average - 3

Report id:{150324510:20160505 153826732) Page 1 of 1



16-004 activated at 800 °C (27 % BO)

Gas Sorption Data
ﬁi:ma\dﬂedu:hun

Isotherm :

Report
Date:Thu Nov 17 22:55:00 2016 Operator:  carbon
: Proton Power 16-004-800C (27% BO) Filename:
Comment:

ASHB1T01 PP 16-004 800C 27% BO.qps

350.0°C Sample Weight:
280134 g MNon-ideality:
Autosarh Station 1 Bath temp.-

Linear

Thermal Transpiration: off Efi. mol. diameter (D}: 4.00 A
i Temperature T7.350K

Cross Section:

Eff. cell stem diam. (d}; 1

00 Liquid Density:

©1994-211, Quantachrome Instruments 1Lt hrome
version 2.0 R g
Report
oo Date: Thu Mov 17 22:58:00 2016 Operator: Date:2018/11/18
: Proton Power 16-004-200C (27T% BO) Filename: M|m|PP|sm4mcmm‘ps
16-004-800C 27% bo Comment:
21.0hrs Outgas Temp: 350.0 °C Sample Weight: ~ 0.0101 g
Nitrogen Molec. Wt 280134 g MNon-ideality: 6.58e-05 1/mmHg
799.7 min Instrument: Autosorb Station 1 Bath temp.: TT2K
DFT: dVid
Data ion Parameters-
Thermal Transpiration: off Eff. mol. diameter (D): Eff. cell stem diam. (d): 1.0000 mm
DFT method Calc. Model: N2 at 77 K on carbon {slit pore, DFT equilibrium modsl)
Rel. press. range: 0.0000 - 1.0000 Moving pt. avg: 3
Adsorbate Nitrogen Temperature
Molec. Wt.: 28.012 Cross Section: Liquid Density: 0.808 gicc
— |
1=
v av |

“olime @ STP (oo

Ty [ap

2000 160.0000

Pore widh (A)

Relthe Pressune, PO

Report id:[865634074.20161118 120417245} Page 1 of 1

DFT method _sum mag

Pore volume =

Surface area

Lower confidence limi
Fitting erro

Pore width (Mode) =

Moving point average : 3

Report id:{204157535:20161118 120644573} Page 1 of 1




16-005 as received

Quantachrome® ASiGwin™- Automated Gas Sorption Data
® 1934-2011, Quantachrome Instruments

version 2.0
Analysis Report
Operator: cC Date: Tue May 02 11:27:05 2016 Operator:  carbon Date: 2016/05/05
Sample ID: : 18-005 {White Pine - Proton Power) Filename: ASER0201 raw
Sample Desc: 18-005 (White Pine - Proton Power) Comment:
Outgas Time: 6.0 hrs Outgas Temp: 300.0 °C Sample Weight: 00571 g
Analysis gas: Molec. Wt 280134 g Non-ideality: 6.58e-05 1/mmHg
Analysis Time: 1234.7 min Instrument: Autosorb Station 1 Bath temp..: TT3K
Isotherm : Linear
Data Parameters:
Thermal Transpiration: on Eff. mol. diameter (D: 4.00 A Eff. cell stem diam. (d}: 1.0000 mm
Adsorhate Nitrogen Temperature TT.350K
Molec. Wt.: ZB.012 Cross Section: Liquid Density: 0.808 ¢
| I
=
| A | =]
20000 |
16000 |
12000 |
&
=]
g
00|
00|

Relsthe Pressure, PPo

Report id:{13684489762: 20160505 154341158} Page 1 of 1
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version 2.0
Analysis Report
Operator: cc Diate: Tue May 02 11:27:05 2018 Operator:  carbon Date: 2016/11/10
Sample I : 16-D05 (White Pine - Proton Power) Filename: ASEEN01 . raw
Sample Desc: 16-005 (White Fine - Proton Power) Comment:
Outgas Time: B.0hrs Outgas Temp: 300.0 °C 0.057T1g
Analysis gas: Mitrogen Molec. Wt 280134 g 6.582 05 1immHg
Analysis Time: 1254.7 min Instrument: Autosorb Station 1
DET : dV({d
Data
Thermal Transpiration: on Eff. mol. diameter (D): 4.00 A Eff. cell stem diam. (d}: 1.0000 mm
DFT method Calc. Model: M2 at 77 K on carbon {slit pore, QSDFT equilibrium model)
Rel. press. range: 0.0000 - 1.0000
Adsorbate Nitrogen Temperature T7.350K
Molec. Wt.: 28.013 Cross Section: 18200 an
| g |
=)
| Y a |

Com aatve Pore volime Goig

a4 |

s

0000

a00m 20,000

Fore widh (A)

DFT method summary

0,227

Lower cenfidence limit =

Fitting error = 0.494 %
Fore width (Mode) = 6.140 A
Moving point average : 3

Report id: [726198321:20161110 164753641} Page 1of 1



16-005 activated at 800 °C (39 % BO)

ASiGwin™- Gas Sorpti
©1994-2011, Quantachrome Instruments Cruanlac hrome |
version 2.0 O TR
Analysis Report
Operator: oo Diate: Wed Nov 16 19:02:37 2016 Operator:  carbon Date: 2016/1117
Sample ID: : Proton Power 18-005-800C (39% BO) Repeat Filename: ASEB1601.1aw
Sample Desc: 16-005-800C 38,8% bo white pine repeat Comment:
Outgas Time: 21.0 has Outgas Temp: 360.0 °C Sample Weight: 0.0042 g
Analysis gas: Nitrogen Molec. Wt 2801349 Non-ideality: 8.582-05 1/mmHg
Analysis Time: 546.8 min Instrument: Autosorb Station 1 Bath temp.: 3K
Isotherm : Linear
Data ion Parameters-
Thermal Transpiration: on Eff. mol. diameter (D): 4.00 & Eff. cell stem diam. (d): 1.0000 mm
Adsorbate Mitrogen Temperature T7.350K
Molec. Wt.:  ZE.013 Cross Section: 16.200 a2 Liquid Density: 0.808 gicc
| [
=
| Az | =
103000 '

16 @ ST ook

ol

a0

o4 080

Relzthe Prasgune PR

Report id:{284177043:20161117 103155512} Page 1 of 1
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ASiQwin™-

Gas Sorption Data
isition and Reduction
© 1934-2011. Quantachrome Instruments
version 2.0

Analysis Report
Operator: Diate: Wed Mov 16 19:02:37 2016 Operator: carbon Date: 20181117
Sample ID: 6-005-800C (39% BO) Repeat Filename: ASSB1801.raw
Sample Desc: 16-005-800C 38,8% bo white pine repeat
Outgas Time: Outgas Temp: 350.0 °C Sample Weight: 0.0042 g
Analysis gas: Molec. Wt 80134 g Non-ideality: 6.58e-05 1/mmHg
Analysis Time: Instrument: Aurtesorh Station 1 Bath temp.: 3K
DFT : dVi(d
Data ion Parameters-
Thermal Transpiration: on Eff. mol. diameter (D): 4.00 A Efi. cell stem diam. (d}: 1.0000 mm
DFT method Calc. Model: NZ at 77 K on carbon (slit pore, QSDFT equilibrium meodely
Rel. press. range: 0.0000 - 1.0000 Moving pt. avg: off
Adsorbate Temperature T7.350K
Cross Section: 16.200 42 Liquid Density: 0.808 ¢
o520
0055
a0
[ oo

£ s
£ s
Z a8 E
2 a6 g
3

0320

[ ana

2000

Pare widi (A)

160.0000

DFT method summary

Pore volume =

Surface area =

Lower confidence limit =
Fitting error =

Pore width (Mode) =

Moving point average :

El
0.587

Report id:[451000586:20161117 105602258) Page 1 of 1



© 1934-211, Quantachrome Instruments
version 2.0

16-006 as received

ASiGwin™- Gas
© 1994-2011, Quantachrome Instruments
version 2.0

Analysis Report
Operator: cC Date:Wed May 04 10:59:52 2018 Operator:  carbon Date: 2018/5/05
Sample 1D : 16-006 (ellow Poplar - Proton Power) Filename: AS350301.raw
Sample Desc: 16-006 (Yellow Poplar - Proton Power) Comment:
Outgas Time: 8.0 s Outgas Temp: 300.0 °C Sample Weight: 0.0484 g
Analysis gas: Nitrogen Molec. Wt 280134 g Non-ideality: 8.582-05 1/mmHg
Analysis Time: 1102.3 min Instrument: Autosorb Station 1 Bath temp.: TT3K
Isotherm : Linear
Data ion Parameters-
Thermal Transpiration: on Eff. mol. diameter (D): 4.00 & Eff. cell stem diam. (d): 1.0000 mm
Adsorbate Nitrogen Temperature TT.350K
Molec. Wt.: 28.012 Cross Section: Liquid Density: 0.808
| [
=)
| sés [ =
28000
4000 T |
20000 |
g 16000 |
&
@
2
PP B [ A Ry A bbbt S bbb bbb bbbk Mt bbbty
-1 e
ET T S

Q0 o4 Q8

Relathe Pressure, PPo

Analysis Report
Operator: o Date:Wed May 04 10:59:52 2016 Operator: carbon Date: 2016/05/05
Sample ID: : 16-006 (ellow Poplar - Proton Power) Filename: ASG50301.raw
Sample Desc: 18-006 (Yellow Poplar - Proton Power) Comment:
Outgas Time: 6.0 hrs. Outgas Temp: 300.0 *C Sample Weight: 0.0484 g
Analysis gas: Nitrogen Molec. Wt 280134 g Non-ideality: 6.582-05 1/mmHg
Analysis Time: 1102.2 min Instrument: Autosorb Station 1 Bath temp.: TT3K
DFT: dv(d
Data ion Parameters.
Thermal Transpiration: on Eff. mol. diameter Eff. cell stem diam. (d): 1.0000 mm
DFT method Calc. Model: NZ st 77 K on carbon (=it pore, QSDFT =g
Rel. press. range: 0.0000 - 1.0000 Moving pt. avg: 2
Adsorbate Nitrogen Temperature
Molec. Wt.: 28013 Cross Section: Liquid Density: 0.808 gloo
| g |
1=
| Y av |
0360 0o
a2 0a

[T

0.000

160.0000

Pore Wi (4)

By g

DFT method _summary

Paore volume 0.353
Surface area
Lower confidence limi 8.
Fitting error = 04587 3%
Pore width (Mode) = B.140 A

Moving point average : 3

Reeport id:{883227741: 20160505 15544214} Page 1 of 1
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16-006 activated at 800 °C (47 % BO)

CQuunlachrome |

wversion 2.0
Analysis Report
Operator: = Date: Tue Sep 27 05:22:51 2018 Operator: carbon Date: 2018/11/10
Sample ID: : Proton Power 16-006 activ. @ B00C - 47.14 % bic Filename: AS892601 PP 18-008 800C 47 BO.raw
Sample Desc: Proton Power 16-005 activ. @ 800C - 47.14 % bio Comment:
Outgas Time: 3.0 hrs Outgas Temp: 300.0 °C Sample Weight 0.0354 g
Analysis gas: Nitrogen Molec. Wt 2801349 Non-ideality: 6.58e-05 1/mmHg
Analysis Time: 1065.2 min Instrument: Autosorb Station 1 Bath temp.: TT2K
Isotherm : Linear
Data ion Parameters:
Thermal Transpiration: on Eff. mol. diameter (D): 4.00 A Eff. cell stem diam. (d): 1.0000 mm
Adsorbate Nitrogen Temperature T7.380K
Molec. Wt.: 28.013 Cross Section: 16.200 a2 Liquid Density: 0.808
| [
=)
| sl \ Des
Lo
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L To A R
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Q00 040 Q80 &

Relatve Pressure, PPo

Reeport id:[6Z5761909:20161110 170444752} Page 1 of 1
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ASiQwin™- Gas Sorption Data
©1994-2011, Quantachrome Instruments
wersion 2.0

Report
cc Date:Tue Sep 37 05:22:51 2016 Operator:  carbon Date: 2016/11/10
: Proton Power 16-006 activ. @ EDOC - 47.14 % bio Filename: ASES2601 PP 16-D06 S00C 47 BO.raw
Proton Power 16-D08 activ. @ B00G - 47.14 % bio Comment:

3.0hs Outgas Temp: 300.0 °C Sample Weight: 0.0354 g
Analysis gas: Nitrogen Molec. W 280134 g Non-ideality: 6.582-05 1/mmHg
Analysis Time: 1089.2 min Instrument: Autosorb Station 1 Bath temp.: TT3K
DFT: dv(d
Data ion Parameters:
Thermal Transpiration: off Eff. mol. diameter (D) 4.00 A Eff. cell stem diam. [d}: 1.0000 mm
DFT method Calc. Model: N2 at 77 K on carbon (slit pore, QSDFT equilibrium model)
Rel. press. range: 0.0000 - 1.0000 Moving pt. avg: 2
Adsorbate Mitrogen Temperature T7.380K
Molec. Wt.: 28.012 Cross Section: 18,200 Liquid Density:
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DFT method _summary
0.437

Pore volume = 43]
Surface area = TE2.246
Lower confidence limit = 5140 A
Fitting error = 0.404 %
Fore width (Mode) = G140 A
Moving point average : 3
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