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SYNTHETIC SOURCE ROCK WITH TEA

CLAIM OF PRIORITY
[0001] This application claims priority to U.S. Provisional Application No.
63/133,480, filed January 4, 2021, and U.S. Patent Application No.
17/550,025, filed on December 14, 2021, the entire contents of which are

incorporated herein by reference in its entirety.

TECHNICAL FIELD
[0002] This disclosure relates to synthetic source rock for simulating source

rock of unconventional formations.

BACKGROUND
[0003] Hydraulic fracturing may allow for the recovery of crude oil and
natural gas from unconventional formations that geologists once believed were
impossible to produce. Although unconventional (e.q., shale) rock formations
Or reservoirs are porous composites, their very small pore sizes and low
permeability (e.g., less than 1 millidarcy) make them relatively resistant to
economical hydrocarbon flow without hydraulic fracturing or stimulation.
[0004] Source rocks of unconventional formations may be fine-grained,
organic-rich sedimentary deposits, such as shales and mud rocks. Source
rocks of unconventional formations may be compositionally diverse and a
complex interwoven structure of inorganic and organic materials. The organic
material typically includes kerogen.
[0005] Unconventional formations generally include the organic material
(e.g., kerogen) intertwined with the rock matrix and the pores. In some
circumstances, high-yield unconventional formations may be characterized or
labeled as a kerogen-rich shale (KRS). The organic components of the source
shale may include the hydrocarbon-source material kerogen and kerogen-
produced components bitumen and pyrobitumen. Kerogen is a solid organic
matter in sedimentary rocks, and is a natural organic biopolymer of irregular
structure. Kerogen can range in degree of saturation where the ratio of the
aliphatic to aromatic content contributes to thermal maturity designations.

Kerogen is insoluble in normal organic solvents because of its high molecular
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weight. Upon significant heating, kerogen may convert to liquid or gaseous

hydrocarbons.

SUMMARY
[0006] An aspect relates to a method of preparing synthetic source rock
with tea. The method includes grinding tea leaves to give tea powder, roasting
the tea powder at a roasting temperature to give a roasted tea powder,
determining composition of the roasted tea powder via elemental analysis, and
determining porosity of the roasted tea powder.
[0007] Another aspect is a method of preparing synthetic source rock
having tea. The method includes drying and grinding tea leaves to give tea
powder, determining composition and porosity of the tea powder, roasting the
tea powder at a roasting temperature to give a roasted tea powder, and
forming a synthetic source rock having the roasted tea powder.
[0008] Yet another aspect is a method of preparing synthetic source rock
having tea. The method includes grinding tea leaves to give tea powder,
determining chemical composition of the tea powder via elemental analysis,
determining porosity of the tea powder, specifying a roasting temperature via
thermal gravimetric analysis (TGA) of the tea powder, and roasting the tea
powder at the roasting temperature as specified to give a roasted tea powder.
[0009] Yet another aspect is a synthetic source rock including roasted tea
powder (analogous to kerogen in a subterranean formation) and inorganic
material, wherein the synthetic source rock is configured to be utilized to
evaluate the subterranean formation.
[0010] The details of one or more implementations are set forth in the
accompanying drawings and the description below. Other features and
advantages will be apparent from the description and drawings, and from the

claims.

BRIEF DESCRIPTION OF DRAWINGS
[0011] FIG. 1 is an image of a sample of mature kerogen that was
recovered.
[0012] FIG. 2 is a plot of thermal gravimetric analysis (TGA) of kerogen.

2
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[0013] FIG. 3 is images of hierarchical porous carbon developed from tea
roasted to 600 °C, and in which the images indicate porosity.

[0014] FIG. 4 is a plot of TGA for waste tea (WT), and indicates weight loss
of the WT over temperature.

[0015] FIG. 5is a TGA plot 500 of % of weight over temperature for five
kerogen samples.

[0016] FIG. 6 is a van Krevelen diagram for green tea compositions as
plotted.

[0017] FIG. 7 is a van Krevelen diagram for kerogen compositions as
plotted.

[0018] FIG. 8Ais a first table indicating that that porosity can be measured
using Brunauer, Emmet, and Teller (BET) nitrogen adsorption.

[0019] FIG. 8B is a second table that that porosity can be measured using
BET nitrogen adsorption.

[0020] FIG. 8C is a plot indicating that that porosity can be measured using
BET nitrogen adsorption.

[0021] FIG. 9is a block flow diagram of a procedure to create synthetic
kerogen from tea leaves.

[0022] FIG. 10 is a block flow diagram of a method of preparing synthetic
source rock having tea.

[0023] FIG. 11 is an image of a waste tea sample before and after
carbonization in the Example.

[0024] FIG. 12 is scanning electron microscope (SEM) images of a waste
tea sample in the Example.

[0025] FIG. 13 is SEM images of waste tea samples in the Example after
roasting at 200 °C, 400 °C, and 600 °C, respectively.

[0026] FIG. 14 is a plot depicting results of the carbon dioxide (CO2) gas
sorption experiments of waste tea samples in the Example. The plot is a plot
of weight % of the waste tea sample over time during the CO2 sorption.
[0027] FIG. 15 is a plot of tea roasting temperature versus atomic-percent

carbon (%C) in the waste tea sample in the Example.
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[0028] FIG. 16 is a plot of the H/C ratio versus atomic-percent carbon (%C)
for coal (peat, bituminous, anthracite, and graphite) having different respective
stages or characteristics of coal formation.

[0029] FIG. 17 is a plot of weight % of coal samples over time during CO2
sorption, as performed with the waste tea samples. The plot gives weight
increase of each of four coal samples over time during CO2 sorption while
flowing CO2 gas over the coal sample at 40 °C.

[0030] FIG. 18 is a plot of T-max (°C) versus %C for peat, bituminous,

anthracite, and graphite.

DETAILED DESCRIPTION
[0031] Some aspects of the present disclosure are directed to synthetic
source rock having roasted tea and inorganic material. The roasted tea may
be a substitute for organic material, such as kerogen. The roasted tea may be
roasted tea powder. The tea powder may be ground tea leaves. The tea
leaves may be leaves of a tea plant or Camellia sinensis plant. The inorganic
material may include minerals. The synthetic source rock may be utilized to
evaluate a subterranean formation, such as an unconventional (e.g., shale)
formation.
[0032] The synthetic source rock may be utilized to evaluate the
subterranean formation. For instance, a synthetic source rock can be
employed to emulate the surface area and structure of a rock based on known
properties of the matrices that is not sometime easy to measure in natural
rocks because of their complexity. Therefore, a synthetic rock can be utilized
to understand more about how gas adsorption occurs because the surface
area of the minerals and organic matter are known a priori. The mechanical
properties of the minerals and organic matter that control structural integrity
are also known, so elastic moduli of the rock can be determined to predict
whether that integrity will either hold or fail under pressure. In contrast, for a
natural source rock where an agglomeration of inorganic and organic
components are laminated together through sedimentation and lithification,
understanding what individual components are contributing to gas adsorption

or mechanical moduli may be difficult to discern.
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[0033] Embodiments may decide or specify what “maturity” of roasted tea
to include in the synthetic source rock. In certain implementations, the
kerogen maturity in an actual source rock may be analyzed, and then that
maturity duplicated with the roasted tea in the synthetic source rock. Source
rocks (actual) may mature with increasing temperature in subsurface burial,
and the source rock porosity may progressively increase. Similarly, the
maturity of roasted tea is due to increasing temperature that also can also
increase porosity. Therefore, analyzing known source rocks of different
maturity allows you to then to recover the kerogen to measure the
corresponding porosity, all of which may then be utilized to guide the
preparation of roasted tea according to certain increasing temperatures.
[0034] A constituent of a source rock of an unconventional formation may
be kerogen. Kerogen is an organic macromolecular polymer that is a source
of hydrocarbons over time as the kerogen matures. Hydrocarbons (crude

oil and natural gas) form from kerogen. The chemical and mechanical
elastomeric properties of kerogen can significantly influence and hinder the
ability to hydraulically fracture a source rock to recover hydrocarbons from an
unconventional reservoir. This, in part, is because the steady generation of
hydrocarbons from kerogen alters the kerogen in-situ mechanical and
chemical properties of macerals composing kerogen that lead to physical
changes in both the kerogen surface area and porosity, as well as the kerogen
chemical structure and molecular packing density. These changes have been
demonstrated experimentally to have the potential of decreasing the efficiency
of hydraulic fracturing. Understanding such may be valuable information that
could be utilized as a guide to help change fracture design programs.
However, measurement of these changing properties directly (to learn the
effect of kerogen on bulk rock mechanics) may be difficult because of the
complexity of the very-fine grained, rock fabric. To understand this effect of
kerogen on bulk rock mechanics, synthetic source rocks (as substitutes)
having organic substrates as a proxy for kerogen may be developed. In some
instances, utilization of kerogen recovered from acid rock digestion may be
considered in development of the source-rock substitutes. However,

substitutes may lack the physical and chemical properties of kerogen that
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accompany kerogen transformation. Moreover, the use of recovered kerogen
for rock synthesis can be difficult because of the volume of rock to recover
adequate amounts of kerogen. In other words, rocks may only contain, for
example, 5-10 weight percent (wt%) kerogen. This limited fraction could
reduce the number of trials for developing a successful rock synthesis formula.
Recovering adequate amounts of kerogen to develop a representative source
rock texture may also involve the destruction and digestion of valuable rock
core which could be a waste of a limited resource. Lastly, the cost of
recovering kerogen from rock may be expensive because of the chemicals
implemented for digestion, posing yet another disadvantage that would
suggest alternatives to recovered kerogen should be considered.

[0035] Inresponse to these challenges and other factors, “tea” may be
implemented in embodiments herein as a natural proxy to substitute for
kerogen to provide a comparable organic polymer for developing synthetic
source-rock formulations. The structure of tea leaves can serve as a proxy
(stand-in, substitute, etc.) of kerogen because tea leaves can be treated
chemically and physically roasted (before incorporation into the synthetic
source-rock) or in situ within a synthetic source-rock fabric. This may produce
a hierarchical porous carbon whose pore structure, surface area, and
mechanical and chemical properties, are similar to kerogen as kerogen
matures. The mechanical properties may include, for example, Young's
modulus and Poisson’s ratio from elastic moduli. The chemical properties may
include, for example, elemental analysis for H/C, O/C and S/C relied on for
determining maturity and composition. Utilized either as a raw material or as a
waste product, tea of most or all types is generally a cost-effective substitute
for kerogen in source-rock synthesis applications.

[0036] Hierarchical porous carbon may be a structured aromatic carbon
molecule that is highly aromatic. Hierarchical porous carbon may be highly
structured, porous, aromatic polyatomic organic structure, synthesized by high
temperature. The term “hierarchical porous carbon” may be given the acronym
“HPC”.

[0037] FIG. 1is animage of a sample of mature kerogen that was

recovered. The image indicates porosity in kerogen isolated from the rock.
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The image indicates kerogen porosity. The magnification is 3,050 times. The
pixel size of the image as captured was 36.63 nanometers (nm). The scale
bar at the lower left below the image is 2 microns (um). The image represents
a height of the sample of 28.13 um and a width of the sample of 37.51 um.
[0038] Kerogen loses volume due to its volatility as the kerogen matures to
produce hydrocarbons, which is manifested by porosity created within the
polymer itself, as indicated in FIG. 1. This porosity increases with maturity and
the corresponding loss of volume accompanies a change in the kerogen
chemical structure as the kerogen loses a higher proportion of hydrogen
relative to carbon and becomes more aromatic. See, for example, FIG. 2.
[0039] FIG. 2 is a plot of thermal gravimetric analysis (TGA) of kerogen
indicating this transformation and degree of volatility that can be monitored
according to the weight loss from the polymer as a function of temperature and
time. The plot gives weight loss over temperature. The plot is kerogen
percent (%) of weight versus temperature (°C) in the TGA. The curve 200 is
the TGA curve. Reference lines annotating the TGA curve 200 note weight
loss in percent and milligrams (mg) for particular temperature increments.
[0040] FIG. 3 indicates that tea also exhibits these same or similar
properties. Tea may be heated for developing what is called a hierarchical
porous carbon as imaged in FIG. 3.

[0041] FIG. 3 gives images of hierarchical porous carbon developed from
tea roasted to 600 °C. The images show porosity. The four images are
labeled as (a), (b), (d), and (e), respectively. The images (a) and (d) have a
scale bar of 25 ym. The image (b) is generally from within the circle of image
(a) and magnified having a scale bar of 5 um. The image (e) is generally from
within the circle of image (d) and has a scale bar of 5 um. As depicted, a
similarity may be noted between the tea (FIG. 3) and the kerogen (FIG. 1).
[0042] FIG. 4 is a plot of TGA for waste tea (WT), and indicates weight loss
of the WT over temperature. Waste tea may refer to tea leaves that have been
boiled or steeped. The term “tea” as used herein in shorthand may refer to
waste tea. Tea and waste tea may be equivalent in the context of
implementations herein. The plot is over temperature (°C) of both

thermogravimetry (TG) in percent (%) of weight and derivative
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thermogravimetry (DTG) in percent per minute (%/min). DTG is the first
derivative of TG. The curves 400 and 402 are for TG, and are similar. The
curves 404 and 406 are for DTG, and are similar. The solid curves 400 and
404 are for WT in nitrogen (N2) and oxygen (O2). The dashed curves 402 and
406 are for WT in carbon dioxide (CO2) and O2. The second peak for the DTG
curve 404 is 17.02 %/min at 328.6 °C. The second peak for the DTG curve
406 is 16.76 %/min at 326.3 °C. The third peak for the DTG curve 404 is 5.18
%/min at 508.2 °C. The third peak for the DTG curve 406 is 4.65 %/min at
508.3 °C.

[0043] The Roman numerals I, Il and Il are used to distinguish source
rocks according to kerogen type. Type | is kerogen composed mainly of
liptinite macerals from marine or lacustrian algal organic matter. Type I
consists of kerogen with organic matter composed mainly of Liptinite macerals
originating from both marine, algal and bacterial sources. Type Ill consists of
vitrinite macerals from organic matter derived from cellulose and lignin from
terrestrial plants such as that found in coals. Type | kerogen typically produces
predominately oil. Type Il kerogen produces predominately oil and gas. Type
Il kerogen typically generates gas.

[0044] This TGA plot of FIG. 4 for tea can be compared to the TGA plot of
FIG. 2 for kerogen. The TGA plots of FIGS. 2 and 4 show the weight loss that
accompanies increasing temperature. This trend shows the loss of volume
due to volatility of the labile fraction of both polymers (tea and kerogen), which
creates porosity. Consequently, utilizing tea as a proxy for kerogen, prepared
over variable temperature ranges, can create a desired porous structure
comparable to that developed in kerogen during maturity.

[0045] FIG. 5is a TGA plot of % of weight over temperature (°C). Fig5is
a plot of a TGA analysis showing the loss of weight relative to a change in
temperature during analysis of kerogens of different maturity with different
porosities. Five curves 502, 504, 506, 508, and 510 are plotted for five
respective samples of kerogen. The TGA plot 500 indicates the relationship
between increasing porosity in kerogen and the weight loss of each sample
showing the decrease in volatility of the labile fraction of kerogen as kerogen

matures and increases in aromaticity. The TGA showed progressive
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decreases in weight loss for kerogen as a function of maturity that
accompanies increasing porosity in kerogen.

[0046] Images 512, 514, and 516 of three of the samples are given for
curves 506, 508, and 510, respectively. The images 512, 514, and 516 are
scanning electron microscope (SEM) images (photos). The images 512, 514,
and 516 are of the three respective samples as isolated kerogen samples.
The image 512 is for a sample of kerogen with late maturity and having %Ro
of 1.4-1.5. The image 514 is for a sample of kerogen with peak maturity and
having %Ro of 1.1. The image 516 is for a sample of immature kerogen
having %Ro of 0.6. In the sample of image 516, the cavities are from mineral
dissolution, and with no porosity in kerogen. Again, increasing kerogen
porosity may be realized with increasing maturity and associated increasing
aromaticity.

[0047] The estimates (late, peak, and immature) of the stage of maturity are
accurate according to that defined for given %Ro and hydrogen:carbon atomic
ratio (H/C ratio). The %Ro is a symbol and acronym used to denote the
average percent reflectance measured from visible light reflected upon vitrinite
macerals immersed in oil in polished source rocks. In the absence of this
measurement, a proxy has been developed as an equivalent %Ro wherein a
maximum temperature derived from the pyrolysis of the powdered rock sample
is used to compute an equivalent %Ro. The %Ro presented in FIG. 5is an
equivalent value computed from this proxy.

[0048] The TGA of 510 is the weight loss of hydrocarbon volatiles recorded
for an immature kerogen heated from 30 °C to 925 °C. An SEM photo of the
kerogen analyzed is seen in 516 along with some estimate of its maturity from
%Ro value of 0.6. The TGA of 508 represents the weight loss of hydrocarbon
volatiles from kerogen in the peak oil maturity window from 30 °C to 1000 °C.
An SEM photo of the kerogen analyzed is seen in 514 along with an estimate
of the maturity from the %Ro value of 1.1. The TGA of 506 represents the
weight loss of volatile hydrocarbons from kerogen in the Late Maturity window
from 30 °C to 1000 °C. An SEM photo of the kerogen is seen in 512 along
with estimate of the maturity from the %Ro value of 1.4-1.5. The TGA of 502 is

the weight loss of volatile hydrocarbons from kerogen in the gas maturity
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window from 30 °C to 1000 °C. There is no SEM photo of this kerogen.

Finally, the TGA of 504 is the weight loss of remaining volatiles in an over
mature kerogen along with thermal decomposition of secondary minerals
hydroxyl-based minerals that have formed during the rock digestion process
for recovering the kerogen. As a result, it is not generally a diagnostic trend
because of the interference posed by the mineral. Overall, the weight loss as
function of temperature for the samples analyzed decreases with increasing
maturity meaning that as kerogen increases in maturity as defined by the %Ro
the volatile hydrocarbons generated from the kerogen also decreases which is
to be expected .

[0049] A van Krevelen diagram is a graphical plot developed by Dirk Willem
van Krevelen to assess the origin and maturity of kerogen and petroleum. The
diagram cross-plots the hydrogen:carbon (H/C) atomic ratio as a function of
the oxygen:carbon (O/C) atomic ratio. Kerogens with different potentials to
produce oil during maturation can generally be distinguished on a van
Krevelen diagram. The compositional change in both kerogen and tea can be
estimated utilizing the van Krevelen diagram.

[0050] FIG. 6is a van Krevelen diagram for green tea compositions as
plotted. The term “tea” as used herein may refer to green tea. Tea and green
tea may be equivalent in the context of implementations herein. The shading
of the plotted values is referenced by the shading scale for the double bond
equivalent (DBE). DBE may represent the number of molecules of hydrogen
(H2) that would be added to convert all “pi” bonds to single bonds and all ring
structures to acyclic structures. DBE may the value to denote differences in
structure of the organic molecule. Ring structures and double bonded alkenes
composing kerogen are similar to that found in tea.

[0051] The van Krevelen diagram is the elemental atomic ratio of hydrogen
to carbon (H/C ratio) versus the elemental atomic ratio of oxygen to carbon
(O/C ratio). The dashed line (at 1.5), the dotted line, and the solid line are
distinguishing differences in composition related to the H/C and O/C ratio of
the organic structure of the tea. The change in composition of tea is analogous
to the H/C and O/C changes kerogen plotted on the van Krevlen diagram. The

compositional change in tea can be estimated utilizing the H/C vs. O/C from
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van Krevelen, similar or the same as a van Krevelen diagram utilized for
kerogen to determine compositional maturity.

[0052] FIG. 7 is a van Krevelen diagram for kerogen compositions as
plotted. Type | represents kerogen of marine or lacustrian origin containing
mainly algal remnants called liptinites. Type |l represents kerogen of marine
origin containing predominately algal and bacterial remnants called liptinites.
Type lll represent kerogen of terrestrial origin containing remnant cellulose and
lignin fragments of land plants as macerals called vitrinite. Type IV kerogen is
composed of remnant charred and bacterially decomposed organic matter as
macerals called inertinite. Each kerogen type is defined and categorized
according to the H/C and O/C ratio composition of these macerals.

[00563] Again, a van Krevelen diagram is the elemental atomic ratio of
hydrogen to carbon (atomic H/C) versus the elemental atomic ratio of oxygen
to carbon (atomic O/C). The solid curves correspond to the regions defined by
the H/C and O/C ratio of each kerogen type. The small-dashed lines represent
the expected %Ro for the given H/C and O/C ratio of kerogen from immature
defined by %Ro of 0.4 - 0.5 down to %Ro of 2.0 within the gas window. The
two large-dashed lines separate known compositional boundaries defined by
the H/C and O/C ratio of the three stages of transformation of organic matter
into hydrocarbons. As mentioned, this van Krevelen analysis for kerogen can
be similarly applied to tea.

[0054] FIGS. 8A, 8B, and 8C are table 800, table 802, and plot 804,
respectively, all indicating that that porosity can also be measured using
Brunauer, Emmet, and Teller (BET) nitrogen adsorption. Surface area,
porosity, and pore diameter may be measured via BET for both tea and
kerogen.

[0055] Fig. 8A (table 800) is for BET nitrogen adsorption of hierarchal
carbon from tea. Table 800 is for three samples of tea, which are crushed TW,
TW-Car, and HCI-TW-Car. Crushed TW is crushed tea waste (TW). Tea
waste (TW) may also be known as waste tea (WT). The crushed TW is formed
by washing, drying, and crushing TW, and removing particles greater than 250
Hm (via a 250 um sieve) from the crushed TW to give the particles that pass

through the sieve as the final crushed TW. The drying is performed overnight

11

PCT/US2022/011161



10

15

20

25

30

WO 2022/147553 PCT/US2022/011161

in a vacuum oven at 80 °C. Tw-Car is the crushed TW subjected to
carbonization at 600 °C for 1 hour under Argon (Ar). HCI-TW-Car is crushed
TW that subjected to acid treatment via 1 molar (M) hydrochloric acid (HCI) at
120 °C for 2 hours, and the acid-treated crushed TW is subjected to
carbonization at 600 °C for 1 hour under Ar. For each sample, table 800 gives
BET surface area in square meters per gram (m2/qg) and total pore volume in
cubic centimeters per gram (cm3/g) with p/po = 0.988, where p is initial fraction
pressure and po is final fractional pressure. Table 800 also gives average pore
diameter in nanometers (nm). The BET method is a common method to
measure the surface area of samples. The BET method utilizes the isothermal
adsorption and desorption of nitrogen as a function of fractional pressure from
0 to 1.0 the initial po to the final p. The total adsorbed gravimetrically is in
cma3/g (or cc/g) of the sample.

[0056] FIG. 8B (table 802) is for BET nitrogen adsorption of kerogen for
four samples of kerogen. For each sample, table 802 gives faX®" which is
fraction of aromaticity. For each sample, table 802 also gives surface area
(m2/g) and pore volume in cubic centimeters per gram (cc/g). The four
kerogen were collected in a range of maturities from the Eagle Ford shale that
were used to determine the chemical structure via solid-state nuclear magnetic
resonance. Thus, the table 802 includes surface area and pore volume
determined by BET similar to that reported in table 800 for tea leaves. Also
included is an estimate of the corresponding fraction of aromaticity (fae")
present in the kerogen organic structure as determined by solid-state nuclear
magnetic resonance, which is also a measure of the maturity. As can be seen,
as the aromaticity increases so too does the porosity.

[0057] FIG. 8C (plot 804) is for the four samples of table 802, as noted by
the legend in the upper right portion of plot 804. The legend indicates the
symbol for the respective data points. Dashed lines are drawn between the
data points for a given sample. Peaks for each of the four samples are noted
with a star. Plot 804 is a plot of the derivative dV/d(log r) versus pore size
(nm). The derivative dV/d(log r) is in cm3/g. The term “V” represents the
volume of gas adsorbed per gram of kerogen and in this case dV refers to the

change in that volume. The term “r’ refers to the pore radius determined by
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the surface area measurement and in the case d(log r) a change in the base
10 logarithm of the pore radius Together the ratio represents the BJH (Barret,
Joyner, and Halinda) method for determining pore size distribution per input
from the BET results.

[00568] FIG. 9is an example of a procedure to form synthetic kerogen from
tea leaves. The block flow diagram shows actions towards developing a
hierarchical carbon structure from tea in which properties are comparable to
properties of kerogen during different stages of maturity. The temperatures
ranges depicted in FIG. 9 are given only as examples and do not limit the
present techniques. Similar procedures to generate synthetic kerogen from
tea leaves may employ analogous temperature variables having values
outside of the numerical ranges given in FIG. 9.

[0059] At block 900, the type of tea may be selected. Waste tea (of
generally any type) may be desired because in waste tea, most of the fluids
and liquid in tea have been distilled or diffused from the leaves during boiling
or steeping. Green tea may be advantageously applicable when highly
ordered pores are desired. Tea of generally any type may be applicable.
Applicable are white tea, yellow tea, green tea, oolong, dark tea, and black tea,
which are all generally harvested from one or the other, but are processed
differently to attain varying levels of oxidation. Twig tea (twigs and stems of
the Camellia sinensis plant) may be utilized. In general, the source of origin of
the tea may be tea leaves from a tea plant or Camellia sinensis plant. The tea
leaves may be ground into fine powder.

[0060] At block 902, the tea (e.g., tea leaves) may be washed and dried to
promote that little or no remaining fluids are present. The tea may be dried, for
example, under a vacuum in an oven for at least 12 hours (e.g., in a range of
12 hours to 24 hours) at a temperature in a range of 70 °C to 85 °Corin a
range of 70 °C to 100 °C. The tea may be weighed until the weight does not
change or significantly change. For multiple drying cycles, the tea may be
weighed after each drying cycle. Dryness may be verified by measuring the
tea with a calibrated balance. After drying, the tea leaves may be ground to a
powder utilizing, for example, a ball mill. The particle size of this powder (tea

as ground) may be, for example, in range of 25 um to 500 ym. This powder
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may be labeled as tea powder, ground tea powder, milled tea powder, etc.,
and may be referred to as tea.

[0061] At block 904, the tea (tea powder) may be passed through a sieve
(e.g., 250 um particle sieve) to remove any potential contaminants (e.qg.,
particles having a particle size greater than 250 um) from the dried tea. In
some instances, such larger particles (>250 um) could pose problems with the
synthetic rock chemistry. The recovered grains (e.g., particles less 250 um in
particle size or diameter) that pass through the sieve may be comparable to
those of kerogen recovered in rock.

[0062] At blocks 906, the initial composition of the tea (sieved dried tea)
may be determined. For instance, the sieved samples may be analyzed for
chemistry utilizing elemental analysis. Elemental analysis may be performed,
for example, utilizing combustion and in which the corresponding gas
generated is analyzed via detectors attuned to detect elements, such as
hydrogen (H), carbon (C), oxygen (O), nitrogen (N), and sulfur (S). Elemental
analysis may be conducted, for example, to determine H/C and O/C ratios for
present-day composition (initial composition) and classification, and to
determine initial composition. The classification may be classification
analogous to kerogen maturity. The classification may be primarily according
to kerogen type, at least initially. Then, the change in H/C and O/C ratio
relative to the initial H/C ratio can be relied on to define maturity.

[0063] At block 908, the surface area and porosity of the sieved samples
may be determined, for example, either by nitrogen adsorption from BET or
water adsorption. The values for surface area and porosity may be relied on to
determine the initial pore structure, which is utilized when evaluating the
analyses from the thermogravimetric analyzer. Observations and values for
initial pore structure may be utilized in evaluating the TGA. The corresponding
pore structure may be dependent upon maturity or the loss of H/C that is
determined from the initial composition. From that initial composition as the
sample is heated with the TGA, a decrease in H/C will generally occur that will
correspond to a loss of volume as detected by the loss of weight with
increasing temperature. The loss in volume can manifest as porosity in the

sample. Thus, understanding the progression of porosity development with
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increasing temperature during heating can allow for predicting the porosity that
occurs.

[0064] The values and observations for initial composition, initial porosity,
initial surface area, and initial pore structure may be beneficial for determining
the roasting temperature to give roasted tea with a desired porosity, surface
area, and kerogen maturity equivalent. In other words, the initial porosity (and
surface area) can lead to know how much porosity increase (weight/volume
loss) is targeted (and thus to specify a roasting temperature) to give the
desired maturity/porosity of the roasted tea. This can be what is intended with
respect to the TGA in which TGA may be utilized to determine a temperature
needed to produce desired porosity. The comparison of the tea to kerogen
maturity may correlative with (based on) the final composition of the roasted
tea. The comparison of kerogens composition with respect to different
maturities may be utilized to determine an analogous maturity for tea.

[0065] At block 910, the sieved dried tea may be subjected to TGA. The
TGA may determine beneficial or optimal loss of weight per heating rate per
temperature (e.g., maximum temperature). Sample lots may be taken from
the prepared materials and a thermal gravimetric analyzer utilized to determine
the maximum weight loss per heating rate per maximum temperature
threshold. This may be utilized to determine the heating rate and temperature
to produce surface areas and porosities comparable to less mature kerogens.
This TGA-determined maximum weight loss per heating rate per maximum
temperature threshold may also be relied on to determine weight loss and
surface area increases in the tea due to roasting under higher temperature
comparable to more mature kerogens as well. The TGA may facilitate
determining roasting temperatures for the tea to acquire the surface area and
porosity (and thus the kerogen-analogous maturity) desired of the roasted tea.
[0066] At block 912, this TGA-generated information from block 910 (and
additional information) may provide for constraints for deciding parameters
(and parameter values) utilized to roast the remainder of the batch for use as
synthetic kerogen of different surface areas and chemical structures.
Temperature range(s) for roasting the sieved dried tea may be established.

TGA typically allows one to explore the rate of thermal decomposition of a
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given compound and generally employs less than 100 mg of sample. The
technique can be accurate for determining the temperatures beneficial to roast
tea, and to acquire the surface area and porosity desired. In addition to
temperature, the roasting time (duration) may be considered. The duration
may be a variable. The temperature rate change can be a variable and so can
the time spent at any one temperature.

[0067] It should be noted that TGA analysis of both tea and natural kerogen
may show that the loss of weight from each occurs, for example, with at least
three stages of similar temperatures. In some instances, (1) the first stage
occurs in the temperature range of 95°C to 110 °C due to the loss of moisture,
(2) the second stage occurs in the temperature range of 200 °C to 350 °C due
to loss of organic volatiles, and (3) finally the third stage is in the temperature
range of 400 °C to 600 °C due to carbonization resulting in aromatic
condensation reactions typical in very mature kerogen. Therefore, the TGA
may suggest that the temperature range for synthesizing a chemical and
porous structure from tea similar to kerogen occurs between 400 °C and 600
°C. Beyond 600 °C, carbon layers may form due to increasing aromaticity
which will began to form graphene. Therefore, the roasting of the tea in the
oven may be maintained between 400 °C and 600 °C depending upon the
maturity desired. For “maturity desired,” the tea may not have an actual
maturity but instead this is a state (“artificial maturity”) of the tea that
corresponds to a kerogen maturity desired. With respect to kerogen, maturity
indicates (and provides a measure of) the transformation of kerogen into
hydrocarbons, and a decrease in H/C accompanies increase in kerogen
maturity. The tea transformation with increasing temperature will also change
in H/C and O/C ratio which is analogous or comparable to what happened to
kerogen. In implementations, determining if analogous maturity is reached
may evaluated by the change in the H/C and O/C ratio and corresponding
measured surface area compared to the initial composition and starting
surface area of the tea.

[0068] At blocks 914-918, examples for roasting temperature (temperature
ranges) may be established or specified. The temperatures may be specified

for roasting of the sieved dry tea under an inert gas. At block 914, for a low
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temperature roast, the roasting temperature range specified is 250 °C to 350
°C. Atblock 916, for an intermediate temperature roast, the roasting
temperature range specified is 350 °C to 450 °C. At block 918, for a high
temperature roast, the roasting temperature range specified is 450 °C to 550
°C.

[0069] An option is to chemically treat the tea with an activating agent. This
activation may be performed, for example, before the TGA (and thus before
roasting). In the event that the workflow does not produce the desired porosity
and composition of the tea, chemical treatment may be beneficial to activate
the process. This action (activation via chemical treatment of the tea) would
generally be implemented after crush and sieving and prior to TGA analysis
and subsequent roasting as well. As for the chemical treatment for activation,
the tea may be chemically treated with an activating agent, such as phosphoric
acid (HaPOa), HCI, sulfuric acid (H2SOa), potassium hydroxide (KOH), or
sodium hydroxide (NaOH). Again, activation will typically be before both TGA
analysis and roasting. Temperature, concentration, and activation time may
be tailored to achieve beneficial or optimal oxygen content and surface area
for kerogen proxy. The tea may be activated, for example, at temperatures
ranging from 60 °C to 120 °C, with activating agent (acid or base) to tea weight
ratio of 1:1 to 3:1 for 2-12 hours. In one example, HzPO4 or NaOH as the
activating agent at a concentration of 2 molar (M) in two respective tests was
added to the tea at a weight ratio of 3:1 acid/base to tea at 60 °C for 2 hours.
The slurries were dried at 110 °C for 24 hours. The resulting mixture was then
ground to a powder and used for carbonization. After carbonization, the
samples were cooled and rinsed with deionized water until the pH was neutral.
The resulting surface area was high relative to typical kerogen, so the
methodology can be beneficial or optimized for synthetic kerogen applications.
In a second example, KOH was added to tea leaves in a weight ratio of 2:1 in
100 milliliters (mL) water and stirred in a hot water bath at 75 °C for 4 hours
prior to carbonization. Post-carbonization, the sample was cooled and ground,
and treated with HCI for 12 hours, rinsed with water until neutral, and dried.
The resulting surface area was also high relative to typical kerogen, so the

methodology can be advantageous or optimized for synthetic kerogen
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applications. In another example, activation was achieved by treating the tea
leaves with HCI (1 M concentration) at 120 °C for 2 hours.

[0070] Batches of the sieved dried tea may be roasted, such as at a
roasting temperature in one of the temperature ranges given in blocks 914,
916, or 918. The roasting may be conducted under an inert atmosphere. The
inert gas for the inert atmosphere may be maintained by a positive pressure,
for example, in the range of 80 pounds per square inch gauge (psig) to 100
psig. The inert gas may be, for example, nitrogen or argon. The inert
atmosphere may promote that the sample is not roasted under an oxidizing
environment. The vessel for roasting the tea may be, for example, a Parr
reactor available from Parr Instrument Company having headquarters in
Moline, lllinois, USA. The vessel or reactor to receive the sieved dry tea for
roasting may be a pressure vessel that acts as an oven and can be an
autoclave reactor, a stirred vessel or reactor, a non-stirred vessel or reactor,
and the like. In the example of a Parr reactor (or similar reactor), the reactor
vessel may act as an oven. The Parr reactor is a steel Inconel vessel that can
heat a sample to a set temperature when placed in a temperature controlled
heated steel sleeve. The Parr reactor (e.g., an autoclave) can monitor both
the temperature and pressure of the vessel during the reaction.

[0071] The roasting pressure should generally be adequate to promote that
little or no oxygen is present and that roasting occurs under a reducing
environment. Oxygen can be very corrosive at higher temperatures and can
react with other volatile compounds during roasting that could produce
chemical changes in the tea that would affect the carbonization process.
Several purges of the oven system (reactor vessel system) with the inert gas
at higher pressures may be carried out prior to increasing temperatures in the
oven (vessel) to facilitate removal of oxygen in the vessel.

[0072] At block 920, after each batch of sieved dried tea is roasted, the
roasted tea may be analyzed for porosity utilizing, for example, SEM imaging
or BET. The sample porosity (including the porosity that developed due to the
roasting) may be measured by BET. The sample porosity may also be
determined using SEM imaging and segmentation processing to consider the

volumetrics (relating to or involving the measurement of volume) to measure
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the pore spaces. Water isotherms from relative humidity adsorption can also
be employed to produce an estimate of the porosity.

[0073] At block 922, the composition of the roasted tea may be determined
via, for example, chemical analysis, Fourier-transform infrared (FTIR)
spectroscopy, or Raman spectroscopy. This final composition of the roasted
tea may be analyzed, such as for H/C atomic ratio or O/C atomic ratio, to
determine the state of the roasted tea (in regard to the analogous potential
maturity of kerogen) to compare to the initial composition and surface area
measured prior to roasting. Kerogen maturity may be determined or correlated
with the kerogen H/C atomic ratio or with the combination of the kerogen H/C
atomic ratio and kerogen O/C atomic ratio. Maturity, prior to vitrinite
reflectance was determined by elemental composition. The van Krevlen
diagram and the trend recorded for each type of organic matter shows that as
kerogen matures by the loss of H/C so too does O/C decrease. The FTIR that
is suggested has been shown to use vibrational energies of the chemical
moieties of kerogen, mainly those corresponding to CH2 and CHas to determine
the H/C ratio as well. So too does Raman spectroscopy provide an estimate of
the aromaticity changes in organic matter which is analogous to maturity in
kerogen as it increases in aromaticity with increasing temperatures.

[0074] The porosity created in the tea during the roasting of the tea is
generally comparable with that of known kerogen porosities measured per the
maturity reached in source rocks through natural burial. Thus, a tea that is
similar to an early mature kerogen may be between 5-10% porosity, peak
maturity between 10-25% porosity, and late maturity between 25-40% porosity
depending upon the lability of the tea. As mentioned, tea with implementations
of the present techniques may have an artificial maturity corresponding to
kerogen maturity for comparison and as a simulation. Tea similar to that of
kerogen changes in composition as it thermally is decomposed similar to what
happens as kerogen matures and produces hydrocarbons. Thus, a change in
chemical composition in tea is analogous to a maturity change in kerogen.
[0075] At block 924, the roasted tea may be transferred to a mixer to
formulate and develop synthetic rock. The roasted tea may be mixed with

inorganic material (e.g., minerals) and compacted or formed into a synthetic
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rock sample. Minerals may be a solid inorganic substance of natural
occurrence. Tea may serve as organic matter that is encapsulated through
synthetic, chemical precipitation with silicate (quartz), aluminosilicate (clays
and feldspars), calcite, etc. utilizing a reactor or autoclave.

[0076] In view of the foregoing, the final composition and porosity of the
roasted tea can be relied on for both (1) developing and preparing static
synthetic rock formulations of known organic composition and porosity and (2)
evaluating in dynamic experiments how the porosity in tea evolves as the
synthetic rock is artificially matured with increasing temperatures. Thus, the
technique may analyze the chemical and mechanical changes the tea
structure undergoes as the tea is subjected to higher temperatures
comparable to analogous changes that occur during maturity of kerogen. The
chemical changes may include, for example, decrease in hydrogen relative to
carbon for H/C, decrease in oxygen relative to carbon for O/C, and decrease in
sulfur relative to carbon that decreases the S/C. The mechanical changes
may include, for example, Young’s modulus and Poisson’s ratio from elastic
moduli.

[0077] The technique or procedure (method) can provide organic
substrates that are similar or equal in chemical and mechanical properties to
that in source rocks difficult to measure because of other surrounding mineral
phases present. Thus, a better understanding can be gained about how
certain components of the rock affect the mechanical properties because prior
to mixing the components to synthesize the rock that information is known
about each component. This is generally not the case for a natural source rock
because organic matter can be either kerogen, bitumen, or pyrobitumen whose
mechanical and chemical properties could vary. Another factor that could be
impacted is that the porosity of the tea will be known a priori before synthesis
and thus a theoretical porosity value can typically be computed based on the
volumetrics of the rock as a prediction to compare with what is measured from
the synthetic rock. In implementations, gas adsorption studies can be
conducted to determine the Langmuir isotherms to predict how gas storage

capacity is changing as a function of maturity, as well.
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[0078] As for the aforementioned thermal analyses, thermogravimetric
analysis or thermal gravimetric analysis (TGA) is a technique of thermal
analysis in which the mass of a sample is measured over time as the
temperature changes. The TGA may be conducted on an instrument referred
to as a thermogravimetric analyzer. A thermogravimetric analyzer measures
mass while the temperature of a sample is changed over time. Mass,
temperature, and time may be base measurements of the TGA while many
additional measures may be derived from these three base measurements. A
thermogravimetric analyzer may have a precision balance with a sample pan
located inside a furnace. The analyzer typically has programmable
temperature control. The thermogravimetric data collected from a thermal
reaction may be compiled, for example, into a plot of mass or percentage of
initial mass on the y-axis versus either temperature or time on the x-axis. This
plot, which may be smoothed, can be referred to as a TGA curve. The first
derivative of the TGA curve can be labeled as the DTG curve. The DTG curve
may be plotted to determine inflection points useful for in-depth interpretations
as well as differential thermal analysis, and for additional reasons.

[0079] FIG. 10is a method 1000 of preparing (and formulating) synthetic
source rock having tea. The method can include preparing or processing tea
for source rock analysis, and preparing tea for formulation in synthetic source
rock. The tea may provide organic polymer similar to kerogen as a substitute
for kerogen in source rock for the synthetic source rock. The roasting of the
tea may give a hierarchical porous carbon similar to kerogen, and in which the
roasting temperature of the tea may be varied to give roasted tea simulating
(corresponding to or analogous to) different respective degrees or levels of
kerogen maturity.

[0080] At block 1002, the method includes drying and grinding tea leaves.
The tea leaves may be leaves of the tea plant (Camellia sinensis plant). The
drying of the tea leaves may involve drying the tea leaves under a vacuum in
an oven (e.g., industrial oven) for at least 12 hours (e.g., 12 hours to 18 hours,
12 hours to 24 hours, or 12 hours to 36 hours) at a temperature of at least 70
°C, such as at a temperature in a range of 70 °C to 90 °C or in a range of 70

°C to 120 °C. In certain implementations, the weight of the tea leaves may be

21



10

15

20

25

30

WO 2022/147553 PCT/US2022/011161

monitored during drying to determine when loss of fluid or moisture from the
tea leaves has substantially ceased so that the tea leaves may be labeled as
dry. Inimplementations, the tea leaves may be dried before grinding the teal
leaves. The grinding of the tea leaves may involve grinding or crushing the tea
leaves with, for example, a grinder or a mill, such as a ball mill. The grinding
of the dried tea leaves may give a ground tea or tea powder.

[0081] At block 1004, the method includes filtering the tea as ground or
filtering the tea powder. For instance, the tea powder may be filtered (flowed
or passed) through a separator or filter, such as fine mesh strainer, sift, sieve,
woven screen (e.g., metal), etc., to remove large particles, such as particles
having a particle size (e.g., width or diameter) greater than 250 um sieve or
300 um. For example, the filter may be a 250 pym sieve or 300 pym sieve.
[0082] At block 1006, the method includes determining chemical
composition and porosity of the tea (tea powder). The composition of the tea
may be determined (measured) via elemental analysis. The composition may
be measured by chemical analysis or spectroscopy, such as FTIR
spectroscopy, Raman spectroscopy, or energy-dispersive X-ray
spectroscopy (EDS). This composition may be labeled as an initial
composition. This composition may be labeled as present-day composition in
regard to the analogy to kerogen maturity and kerogen composition. The H/C
(atomic ratio) and the O/C (atomic ratio) may be determined based on the
measured composition. The H/C and O/C of the initial composition may
considered in the subsequent TGA and specifying of the roasting temperature.
The porosity and surface area of the tea (tea powder) may be determined, for
example, either by nitrogen adsorption from BET or water adsorption. The
values for surface area and porosity may be relied on to determine the initial
pore structure, which may utilized when evaluating the subsequent TGA.
[0083] At block 1008, the method includes specifying the roasting
temperature for roasting the tea (tea powder). To specify the roasting
temperature, the tea may be subjected to TGA. As discussed, the TGA may
facilitate determining roasting temperatures for the tea to acquire the surface
area and porosity desired of the roasted tea and thus give the kerogen-

analogous maturity desired of the roasted tea. The roasting temperature as
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specified may correlative with the specified desired porosity of the roasted tea.
Thus, the roasting temperature correlative with results of the TGA. Considered
may be the initial composition (block 1006) and how the composition is to
change in roasting to give desired H/C and O/C of the roasted tea. Thus, the
roasting temperature as specified may be correlative with the initial
composition and in view of the desired kerogen-analogous maturity (artificial
maturity) of the roasted tea. The roasting temperature may be specified
correlative with the initial composition and the porosity of the tea powder prior
to roasting, and in view of the desired porosity of the roasted tea.

[0084] At block 1010, the method includes roasting the tea. The roasting of
the tea subjects the tea to carbonization. The tea may be roasted by applying
heat to the tea in an inert atmosphere, such as under an inert gas (e.g.,
nitrogen or argon). The tea powder may be roasted at the roasting
temperature specified in block 1008. Example temperature ranges for the
roasting temperature include 250 °C to 350 °C, 350 °C to 450 °C, and 450 °C
to 550 °C. To roast the tea, the tea powder may be placed in a vessel and
heat applied to the tea powder in the vessel. The vessel may be an oven,
reactor, autoclave reactor, a stirred vessel, a non-stirred vessel or reactor, and
so on. The roasting can be continuous or semi-batch but generally is batch.
The roasting system (e.g., oven or reactor) is typically a batch system. The
roasted tea may be discharged from the vessel (e.g., oven or reactor).

[0085] At block 1012, the method includes determining the chemical
composition and porosity of the roasted tea. The composition of the roasted
tea may be determined (measured) via elemental analysis. The composition
may be measured by chemical analysis or spectroscopy, such as FTIR
spectroscopy, Raman spectroscopy, or energy-dispersive X-ray

spectroscopy (EDS). This composition may be labeled as a final composition.
This composition may be considered in regard to the analogy to kerogen
maturity and kerogen composition. The H/C (atomic ratio) and the O/C (atomic
ratio) may be determined based on the measured final composition. This final
composition of the roasted tea may be analyzed, such as for H/C atomic ratio
or O/C atomic ratio, to determine the state of the roasted tea (in regard to the

analogous potential maturity of kerogen) to compare to the initial composition
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and surface area measured prior to roasting. Kerogen maturity may be
determined or correlated with the H/C atomic ratio of kerogen or with the
combination of the H/C atomic ratio and O/C atomic ratio. The porosity and
surface area of the roasted tea may be determined, for example, either by
nitrogen adsorption from BET or water adsorption. The values for surface area
and porosity may be relied on to determine the pore structure. In
implementations, the porosity of the roasted tea may be deduced by analogy
to kerogen maturity (and associated kerogen porosity values) in view of the
H/C atomic ratio (and O/C atomic ratio) of the roasted tea.

[0086] At block 1014, the method may include incorporating the roasted tea
into synthetic rock. The roasted tea may be incorporated (e.g., mixed,
encapsulated, formed into, etc.) with inorganic material (e.g., minerals) in a
mixer, reactor, or autoclave. The inorganic source may be, for example,
compositions of minerals typically composing rocks such as those of silicate,
aluminosilicate, and carbonate mineralogies.

[0087] The mixture may be formed (e.g., compacted, pressed, molded, etc.)
into synthetic source rock. The synthetic source rock may be a composite of
the roasted tea and inorganic material. In the synthetic source rock, the
roasted tea may be intertwined with the inorganic material. The synthetic
source rock may be tested for the evaluation of a subterranean formation, such
as an unconventional formation having kerogen. Tests performed on the
synthetic source rock sample (a composite having both tea and inorganic
material) may determine properties of the synthetic source rock sample. Tests
may include, for example, tests measuring chemical composition from
elemental analysis and x-ray diffraction, measuring surface area or porosity
from BET, and measuring density and mechanical elastic moduli from
nanoindentation or atomic force microscopy (AFM), and so forth.

[0088] An embodimentis a method of preparing synthetic source rock with
tea. The method includes grinding tea leaves to give tea powder, roasting the
tea powder at a roasting temperature to give a roasted tea powder, and
determining composition (e.g., chemical composition) of the roasted tea
powder via elemental analysis. The method may include specifying the

roasting temperature correlative with the composition as specified. The
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determining of the composition may involve determining the composition of the
roasted tea powder via elemental analysis. The method may include subjecting
the tea powder to TGA. The method may include specifying the roasting
temperature correlative with results of the TGA. The method may include
specifying the roasting temperature correlative with the composition as desired
and results of the TGA. The method includes determining porosity of the
roasted tea powder. The method may include specifying the porosity and
specifying the roasting temperature, thereby the roasting of the tea powder at
the roasting temperature as specified gives the porosity as specified. The
determining of the porosity may involve determining the porosity by SEM
imaging or by BET nitrogen adsorption, or a combination thereof. The
determining of the porosity may involve determining the porosity based on the
composition and by analogy with kerogen maturity. The porosity in the tea
leaves, tea powder, or roasted tea powder included into the synthetic rock may
have a porosity similar that of kerogen for a given the maturity. Thus, the
comparison of porosity according to maturity may be realized. The method
may include mixing the roasted tea powder with inorganic material, thereby
forming a synthetic source rock. The method may include mixing the roasted
tea powder with inorganic material, thereby forming a synthetic source rock of
known organic composition and known organic porosity. The method may
include increasing the roasting temperature, thereby giving the synthetic
source rock comprising a state corresponding to increased kerogen maturity.
[0089] Another embodimentis a method of preparing synthetic source rock
having tea. The method includes drying and grinding tea leaves to give tea
powder, determining composition and porosity of the tea powder, roasting the
tea powder at a roasting temperature to give a roasted tea powder, and
forming a synthetic source rock comprising the roasted tea powder. The
method may include specifying the roasting temperature in response to a
specified porosity of the roasted tea powder. The method may include
specifying the roasting temperature correlative with the composition and the
porosity. The method may include determining composition of the roasted tea
powder via elemental analysis, and determining porosity of the roasted tea

powder.
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[0090] Yet another embodiment is a method of preparing synthetic source
rock having tea. The method includes grinding tea leaves (e.g., leaves of a
Camellia sinensis plant) to give tea powder. The method may include drying
the tea leaves at a temperature of at least 70 °C, such as at a temperature in a
range of 70 °C to 110 °C or in a range from 70 °C to 130 °C. Such drying may
under a vacuum. The method may include drying the tea leaves under a
vacuum in an oven for at least 12 hours (e.g., 12 hours to 36 hours) at a
temperature of at least 70 °C, such as the aforementioned ranges. The
grinding of the tea leaves may involve grinding the tea leaves via a ball mill.
The method may include filtering the tea powder via a sieve to remove
particles from the tea powder. The particles remove may have a particle size
greater than 300 um or greater than 250 um. The method includes
determining chemical composition of the tea powder via elemental analysis,
and determining porosity of the tea powder, specifying a roasting temperature
via TGA of the tea powder, and roasting the tea powder at the roasting
temperature as specified to give a roasted tea powder. The method may
include specifying porosity of the roasted tea powder. The method may
include realizing a specified porosity of the roasted tea powder via specifying
the roasting temperature. The method may include determining composition of
the roasted tea powder via elemental analysis, and determining porosity of the
roasted tea powder correlative with the composition of the roasted tea powder.
The method may include forming a synthetic source rock having the roasted
tea powder and inorganic material.

[0091] Yet another embodiment is a synthetic source rock including roasted
tea powder and inorganic material, such as a mineral or minerals. In geology
and mineralogy, a mineral or mineral species may be a solid chemical
compound with a defined chemical composition and a specific crystal structure
that occurs naturally in pure form. The chemical composition of a named
mineral species may vary somewhat by the inclusion of small amounts of
impurities. Specific varieties of a species sometimes have conventional or
official names of their own. Some mineral species can have variable
proportions of two or more chemical elements that occupy equivalent positions

in the mineral structure.

26



10

15

20

25

30

WO 2022/147553 PCT/US2022/011161

[0092] The roasted tea powder has a structure analogous to kerogen in a
subterranean formation. The synthetic source rock is configured to be utilized
to evaluate the subterranean formation (e.g., including to evaluate the kerogen
in the subterranean formation and the impact of the kerogen on the
subterranean formation). The synthetic source rock may correspond to actual
source rock from the subterranean formation.

[0093] The inorganic material mixed with the roasted tea powder to form
the synthetic source rock includes, for example, silicate, aluminosilicate
(Al20s5Si), or carbonate, or any combinations thereof. Silicate includes silicon
and elemental oxygen. While silicate may be an anion having silicon and
oxygen, the silicate may be a silicate mineral(s). Silicate minerals may be
rock-forming minerals made up of silicate groups. Silicate minerals are
approximately 90 percent of the Earth crust. In mineralogy, silica (silicon
dioxide) SiO2 is usually considered a silicate mineral. Silica is found in nature
as the mineral quartz, and its polymorphs. The aluminosilicate may be
aluminosilicate minerals that are minerals composed of aluminium, silicon, and
oxygen, plus countercations. Andalusite, kyanite, and sillimanite are naturally
occurring aluminosilicate minerals that have the composition Al>SiOs. In
chemistry, a carbonate is a salt of carbonic acid (H.CO:s), characterized by the
presence of the carbonate ion CO?". In geology and mineralogy, the term
“‘carbonate” can refer both to carbonate minerals and carbonate rock (which is
made of chiefly carbonate minerals), and both are dominated by the carbonate
ion, CO32". Carbonate minerals are varied and ubiquitous in chemically
precipitated sedimentary rock. The most common are calcite or calcium
carbonate, CaCOs, the chief constituent of limestone (as well as the main
component of mollusc shells and coral skeletons); dolomite, a calcium-
magnesium carbonate CaMg(COz)2; and siderite, or iron(ll) carbonate, FeCOsa,
an important iron ore. Carbonate rocks are a class of sedimentary

rocks composed primarily of carbonate minerals. The two major types

are limestone, which is composed of calcite or aragonite (different crystal
forms of CaCQ:z), and dolomite rock (also known as dolostone), which is
composed of mineral dolomite (CaMg(CQs)2). As appreciated by the skilled

artisan, subterranean formations labeled as carbonate formations can have
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hydrocarbon. About half of the crude oil and natural gas reserves are held in
carbonate reservoirs (fields). Carbonates can exhibit highly varying properties
within small sections of the reservoir, making them difficult to characterize.
[0094] Lastly, in implementations, the roasted tea powder is tea leaves as
ground and roasted. The tea leaves may be leaves of a Camellia sinensis
plant.

[0095] Example

[0096] This Example is given only as an example and not intended to limit
the present techniques. This Example evaluated the hierarchical carbon
technique for preparation of a synthetic source rock. Initially, 237 mL of water
was added to an Erlenmeyer flask and set to boil at 100 °C on a hot plate.
When the temperature reached 100 °C, approximately 3144 milligrams of
natural green tea was added to the water in the Erlenmeyer flask. Magnetic
stirrers were added to the Erlenmeyer flask and the stirrers were set to rotate
at 400 revolutions per minute (rpm). The tea was boiled in the water with the
magnetic stirrers in the Erlenmeyer flask on the hot plate for 4 minutes. The
Erlenmeyer flask was then removed from the hot plate, covered with a glass
plate, and the tea in the water in the Erlenmeyer flask steeped for 1 hour. The
steeped natural green tea labeled as waste tea (WT) was then filtered using a
funnel and a sieve, and then washed thoroughly with distilled (DI) water. The
WT was then dried in an oven at 100 °C for 24 hours to remove any remaining
water. The dried WT was cooled to room temperature, ground, and sieved to
obtain particles <250 pm in size.

[0097] This ground and sieved WT (particles <250 um) was added to an
Erlenmeyer flask with 1 molar (M) hydrochloric acid (HCI) and boiled at 120 °C
for 2 hours on a hot plate as an acid treatment. Magnetic stirrers were added
to the Erlenmeyer flask and the stirrers were set to rotate at 400 rpm for the 2
hours of boiling. After the 2 hours, the mixture of WT and HCI was filtered with
a sieve to separate out the HCI, and the remaining HClI-treated WT was
washed with DI water to ensure complete removal of HCI. The HCI-treated WT
(HCI-WT) was then dried in an oven at 100 °C for 24 hours.

[0098] After cooling to room temperature, the HCI-WT was split into three

batches and subjected to carbonization. To prepare for the carbonization, each
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representative fraction (batch) was placed in a quartz boat and inserted in the
center of a 47” quartz tube. For the carbonization, the tube was introduced
into a high temperature tube furnace and roasted for 1 hour under Argon (Ar)
at 1) 200 °C, 2) 400 °C, and 3) 600 °C, respectively, for the three batches
(samples).

[0099] FIG. 11 is the HCI-WT-Carb-600 sample before and after
carbonization. In particular, the vial on the left has the HCI-WT prior to
carbonization (i.e., prior to being subjected to the high temperature tube
furnace as described). The vial on the right has HCI-WT after carbonization
(i.e., after being subjected to the high temperature tube furnace as described)
at 600 °C. The vial on the right is labeled as HCI-WT-Carb-600 in which
“Carb” means subjected to carbonization and “600” means carbonization at
600 °C. Therefore, FIG. 1 gives a visual comparison between the HCl-treated
waste tea (HCI-WT) (on the left) and the HCI-treated waste tea that has
undergone carbonization at 600 °C (HCI-WT-Carb-600) (on the right).

[0100] The HCI-WT, the HCI-WT carbonized at 200 °C (HCI-WT-Carb-200),
the HCI-WT carbonized at 400 °C (HCI-WT-Carb-400), and the HCI-WT-Carb-
600 were all four subjected to characterization techniques to confirm their
resemblance to organic matter. First, SEM imaging was performed on each of
these four powders. The resulting images are shown in FIG. 12 and FIG. 13.
FIG. 12 is SEM images of the HCI-WT.

[0101] FIG. 13 is SEM images of the HCI-WT after roasting at 200 °C, 400
°C, and 600 °C, respectively. In particular, the top two images are HCI-WT-
Carb-200, the middle two images are HCI-WT-Carb-400, and the bottom two
images are HCI-WT-Carb-600. As the temperature for carbonization
increased, the surface area of the resulting roasted tea samples increased.
[0102] FIGS. 12-17 collectively indicate a relationship between the H/C
chemistry of roasted waste tea and the H/C chemistry of coal. The increase in
carbon with increasing roasting (carbonization) temperatures of the waste tea
results in loss of hydrogen similar to that of coal during maturation. Again, as
the temperature for roasting (carbonization) increased with waste tea, the
surface area of the resulting roasted (carbonized) waste tea samples

increased, as indicated in FIGS. 12-13.
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[0103] This observed variation in surface area is consistent with analysis
via CO» gas sorption performed via a TGA instrument. In the CO» gas sorption
analysis, TGA was generally not performed but instead CO> gas sorption
analysis performed via the TGA instrument. Sorption may be a physical and
chemical process by which one substance becomes attached to another. In
this Example, the sorption is generally CO> gas adsorption, for instance, in
which the surface area is occupied by CO2 molecules.  Sorption may include
the physical adherence or bonding of ions and molecules onto the surface of
another phase.

[0104] The TGA instrument used to perform the CO2 gas sorption analysis
was a thermogravimetric analyzer configured to measure mass of a sample
while the temperature of the sample is changed over time. Here, this TGA
instrument was utilized to determine (measure) the mass increase of the
sample due to CO- gas sorption at constant temperature. For the CO2 gas
sorption analysis, the sample material was exposed to CO; flow, and the
precision balance of the TGA instrument detected changes in mass associated
with CO; sorption of the sample material (e.g., including CO- sorption to the
surface of the sample material). For the TGA instrument, the precision
balance may also be labelled as a sensitive balance or a thermobalance. The
TGA instrument (thermogravimetric analyzer) included a crucible of the
precision balance inside a furnace having a programmable temperature
control. The crucible was a tared alumina-ceramic crucible.

[0105] For the four waste-tea sample powders, respectively, 10-15 mg of
the tea sample powder was placed in the crucible and heated in the TGA
instrument at 120 °C in Nz gas flow (100 mL min-") for 10 minutes. A purpose
of heating at 120 °C was to displace moisture from the sample. The N2 gas
flow at 120 °C was to drive off any residual water and gases that may have
adsorbed before introducing the CO..

[0106] The temperature was then reduced to 40 °C under continuous N2
flow. The atmosphere was then changed to pure CO2 by flowing COz at 100
mL min-' at approximately ambient pressure. The temperature was

maintained at 40 °C. The mass of the tea powder sample as measured by the
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precision balance was monitored as a function of time in order to determine
the amount of CO> sorption.

[0107] FIG. 14 shows the results of the gas sorption experiments with the
waste tea samples. The waste tea HCI-WT and HCI-WT-Carb-200 had low
COz sorption, while the waste tea HCI-WT-Carb-400 and HCI-WT-Carb-600
had significantly higher CO2 sorption. FIG. 14 is a plot of weight % of the
sample over time during the CO2 sorption. Thus, the plot gives weight
increase of each of the four tea samples over time during CO2 sorption while
flowing CO> gas over the sample at 40 °C. For comparison, the plot includes a
curve for activated carbon (as a crude form of graphite) during CO; sorption
while flowing CO- gas over the sample of the activated carbon at 40 °C. While
the analysis was performed with the TGA instrument, the temperature was
held constant during the sorption while collecting the data for the curves 1400,
1402, 1404, 1406, and 1408. The curve 1400 is for the HCI-WT. The curve
1402 is for the HCI-WT-Carb-200. The curve 1404 is for the HCI-WT-Carb-
400. The curve 1406 is for the HCI-WT-Carb-600. Lastly, the curve 1408 is
for the activated carbon that may be analogous to graphite. The increase in
sorption (e.g., adsorption) by the tea with increasing roasting temperature can
be associated with increasing carbon and the resulting increasing surface
area. The %C of the tea samples the tea has been measured by pyrolysis and
by gravimetric means.

[0108] FIG. 15 is a plot of tea roasting temperature versus atomic-percent
carbon (%C) in the sample. The temperature of the waste tea prior to roasting
is the ambient temperature at approximately 25 °C. The depicted trends of
loss of Haz relative to carbon, increasing carbon, and increasing maturity may
be analogous to that of both coal and kerogen. An equivalent temperature for
roasting temperature for the activated carbon (labeled as graphite at
approximately 100% C) is 1000 °C. A line is approximately fitted with respect
to the data points. The line is labeled as increasing maturity with a directional
arrow in the label. Temperature of 1000 °C is among typical temperatures for
forming graphene layers in organic carbon that are near the composition of
graphite. Graphite composition is sheets of carbon approximated with the tea
roasted at 1000 °C.
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[0109] The increase in sorption (e.g., adsorption) in the tea with increasing
roasting temperature (as given in FIG. 14) along with the trends in FIG. 15
emulates the thermogenic transformation of kerogen into hydrocarbons. In the
field, as the kerogen source is buried at a certain rate over time, the increasing
heat flow from the subsurface starts to break the bonds of kerogen resulting in
loss of hydrogen relative to carbon (H/C). That loss of hydrogen relative to
carbon can be seen with coal, as indicated in FIGS. 16-17. The steady loss of
hydrogen relative to carbon gives increasing surface area. This is
demonstrated in FIGS. 16-17 by the adsorption [of CO- from peat with the
highest H/C ratio but the lowest adsorption, as compared to anthracite that had
the highest adsorption but the lowest H/C. This same behavior is observed as
the waste tea (see FIGS. 14-15) is roasted from 200°C to 600°C with
increasing temperatures. The increase in carbon from the pyrolysis (roasting,
carbonization) is the result of the loss of the hydrogen relative to carbon, which
also results in an increase in surface area. Note the progressive adsorption of
CO- from waste tea (prior to roasting) compared to that of the waste tea
roasted at 600°C shows the surface area has also increased significantly by
the thermogenic process. This increase in surface area is also evident from the
SEM images in FIGS. 12-13.

[0110] FIG. 16 is a plot of the H/C ratio versus atomic-percent carbon (%C)
for coal (peat, bituminous, anthracite, and graphite) having different respective
stages or characteristics of coal formation. Peat is generally a soft, organic
material consisting of partly decayed plant and mineral matter, and that can be
characterized as a precursor to coal. Bituminous coal (black or dark brown) is
an abundant coal that contains a tar-like substance called bitumen and that is
typically hard but friable. Anthracite coal is hard and compact with relatively
high carbon content and few impurities. Graphite is generally the most stable
form of carbon and that can be labeled as meta-anthracite coal but is difficult
to ignite. A line (labeled as increasing maturity with a directional arrow) is
approximately fitted with respect to the data points.

[0111] FIG. 17 is a plot of weight % of coal samples over time during CO2
sorption, as performed with the waste tea samples. The plot gives weight

increase of each of four coal samples over time during CO2 sorption while
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flowing CO> gas over the sample at 40 °C. The curve 1700 is for peat. The
curve 1702 is for a first sample of bituminous coal. The curve 1704 is for a
second sample of bituminous coal. The curve 1706 is for anthracite. The trend
in FIG. 17 between the coal types is associated with increasing adsorption due
to increasing carbon as the result of the maturing of the coals. Three values for
%C are depicted merely to show a general trend of decreasing and increasing
%C and the corresponding adsorption recorded. The difference between the
two bituminous coals (curves 1702, 1704) is related to the H/C ratio of their
kerogen where the second sample (curve 1704) is more mature than the first
sample (curve 1702).

[0112] The roasting temperature range used to transform the tea can also
coincide with maturity temperatures (T-max) of coal from pyrolysis compared
to coal carbon chemistry measured by elemental analysis (see FIG. 18). FIG.
18 is a plot of T-max (°C) versus %C for peat, bituminous, anthracite, and
graphite. An increasing maturing line is approximately fitted through the data
points. The T-max value recorded can be utilized to determine the maturity of
the coal; thus the range, for example, from 200-600°C for roasting the waste
tea can be generally compatible for these maturity stages of coal in certain
contexts.

[0113] A number of implementations have been described. Nevertheless, it
will be understood that various modifications may be made without departing

from the spirit and scope of the disclosure.
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WHAT IS CLAIMED IS:

1. A method of preparing synthetic source rock with tea, comprising:

grinding tea leaves to give tea powder,

roasting the tea powder at a roasting temperature to give roasted tea
powder to include in the synthetic source rock;

determining composition of the roasted tea powder via elemental
analysis; and

determining porosity of the roasted tea powder.

2. The method of claim 1, comprising specifying the roasting temperature

correlative with the composition as specified.

3. The method of claim 1, comprising subjecting the tea powder to thermal

gravimetric analysis (TGA).

4. The method of claim 3, comprising specifying the roasting temperature

correlative with results of the TGA.

5. The method of claim 3, comprising specifying the roasting temperature
correlative with the composition as desired and results of the TGA, wherein the

composition comprises chemical composition.

6. The method of claim 1, comprising:

specifying the porosity; and

specifying the roasting temperature, thereby the roasting of the tea
powder at the roasting temperature as specified gives the porosity as

specified.

7. The method of claim 1, wherein determining the porosity comprises
determining the porosity by scanning electron microscope (SEM) imaging or by
Brunauer, Emmet, and Teller (BET) nitrogen adsorption, or a combination

thereof.
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8. The method of claim 1, wherein determining the porosity comprises
determining the porosity based on the composition and by analogy with

kerogen maturity.

9. The method of claim 1, comprising mixing the roasted tea powder with
inorganic material, thereby forming the synthetic source rock of known organic
composition and known organic porosity, wherein the inorganic material

comprise minerals.

10.  The method of claim 1, comprising mixing the roasted tea powder with

inorganic material, thereby forming the synthetic source rock.

11.  The method of claim 10, comprising increasing the roasting
temperature, thereby giving the synthetic source rock comprising a state
corresponding to increased kerogen maturity, wherein the inorganic material

comprises silicate, aluminosilicate, or carbonate, or any combinations thereof.

12. A method of preparing synthetic source rock having tea, comprising:
drying and grinding tea leaves to give tea powder,
determining composition and porosity of the tea powder,
roasting the tea powder at a roasting temperature to give a roasted tea
powder; and

forming a synthetic source rock comprising the roasted tea powder.

13.  The method of claim 12, comprising specifying the roasting temperature

in response to a specified porosity of the roasted tea powder.

14. The method of claim 12, comprising specifying the roasting temperature

correlative with the composition and the porosity.

15. The method of claim 12, comprising:
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determining composition of the roasted tea powder via elemental
analysis; and

determining porosity of the roasted tea powder.

16. A method of preparing synthetic source rock having tea, comprising:

grinding tea leaves to give tea powder,

determining chemical composition of the tea powder via elemental
analysis;

determining porosity of the tea powder,;

specifying a roasting temperature via thermal gravimetric analysis
(TGA) of the tea powder; and

roasting the tea powder at the roasting temperature as specified to give

a roasted tea powder.

17.  The method of claim 16, comprising:

drying the tea leaves at a temperature of at least 70 °C, wherein the tea
leaves comprise leaves of a Camellia sinensis plant, and

filtering the tea powder via a sieve to remove particles from the tea

powder.

18. The method of claim 17, wherein the particles comprise a particle size

greater than 300 microns (Um).

19.  The method of claim 16, comprising specifying porosity of the roasted

tea powder.

20.  The method of claim 16, comprising realizing a specified porosity of the

roasted tea powder via specifying the roasting temperature.
21.  The method of claim 16, comprising:

determining composition of the roasted tea powder via elemental

analysis; and
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determining porosity of the roasted tea powder correlative with the

composition of the roasted tea powder.

22. The method of claim 16, comprising forming a synthetic source rock

comprising the roasted tea powder and inorganic material.

23. The method of claim 16, comprising drying the tea leaves under a

vacuum in an oven for at least 12 hours at a temperature of at least 70 °C.

24.  The method of claim 16, wherein grinding the tea leaves comprises

grinding the tea leaves via a ball mill.

25. A synthetic source rock comprising:

roasted tea powder comprising a structure analogous to kerogen in a
subterranean formation; and

inorganic material, wherein the synthetic source rock is configured to be

utilized to evaluate the subterranean formation.

26. The synthetic source rock of claim 25, wherein the roasted tea powder
comprises tea leaves as ground and roasted, and wherein the synthetic source

rock corresponds to actual source rock from the subterranean formation.

27.  The synthetic source rock of claim 26, wherein the tea leaves comprise
leaves of a Camellia sinensis plant, and wherein the synthetic source rock is
configured to be utilized to evaluate the kerogen in the subterranean

formation.

28.  The synthetic source rock of claim 25, wherein the inorganic material

comprises minerals.

29.  The synthetic source rock of claim 25, wherein the inorganic material

comprises silicate, aluminosilicate, or carbonate, or any combinations thereof.
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800 ~, BET Nitrogen Adsorption of Heiarchal Carbon from Tea
BET Surface Area | Total Pore Volume {n/ Average Pore
Sample (m g P,=0.988, cm’ g ) Diameter (nm)
Crushed TW 0.07 0.0003 18.7
TW-Car 4.99 0.0071 5.69
HCMTW-Car 337.71 0.2098 2.458
FIG. 8A
802 ™ BET Nitrogen Adsorption of Kerogen
Sample Jal® Surface Area (m’/g) Pore Volume {ccig)
Ker-A 0.32 12.2 0.05
Ker-B (.66 15.1 0.10
Ker-E 0.87 468.9 0.19
Ker-F (.89 93.2 0.33
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