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TERPENE EXTRACTION SYSTEM AND METHOD OF EXTRACTING
TERPENES FROM PLANT BIOMASS

CROSS-REFERENCE TO RELATED APPLICATION

0001} This application claims the benefit of US. Provisional Patent Application
No. 63/145,963, with a filing date of February 4, 2021, the contents of which are

hereby incorporated by reference in their entirety.

TECHNICAL FIELD

[6002] This disclosure relates generally to the extraction of terpenes from plant
biomass, and relates more specifically to equipment and processes emploved to

extract terpenes from plant biomass.

BACKGROUND

[0003] Terpenes are compounds found in an array of plants. Terpenes are known
1o be largely responsible for a plant’s aroma. Diverse products from food additives
to cosmetics have terpenes added to them amd production for enhancements m
flavor and scent. Due to thew fragile and volatile nature, extracting terpenes from
certain plants and isolating them has proved challenging. A typical extraction
technigue in the cannabis ndustry, for example, involves the use of supercritical
fluids ke carbon dioxide (COn) as a solvent for extracting the terpenes. But this
approach, as well as others, does not always vield the quality and purity levels often
destred of extracted terpenes, and can sometimes even cause degradation during the

extraction procedure.
SUMMARY

[0004] According to an embodiment, a terpene extraction system may include a
reactor assembly, a heater, and one or more cold traps. The reactor assermbly has a
housing and an agiator. The housing has an interior.  The interior receives plant
biomass. The aguator has one or more paddles. The paddie(s) 1s situated at the

mterior. The heater can mteract with the housing mn order to mcrease the temperature
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of the interior. The interaction can be via communicable tubing, piping, hosing,
and/or fittings, per an embodiment. The cold trap{s} is situated downstream of the

reactor assembly and can communicate with the housing.

[G6035] According to another embodiment, a method of extracting terpenes from
plant biomass may include multiple steps. One step may nvolve heating the plant
biomass in a reactor assembly. Another step may involve stirring the plant biomass
in the reactor assembly. A further step may involve applying a vacuum in the reactor
assembly, thereby subjecting the plant biomass to the applied vacuum. Yet another
step may involve freezing resultant water and terpene vapor mixture from the reactor

assembly by way of one or more cold traps.

[0006] According fo vet another embodiment, a terpene extraction system may
mclude a reactor assembly, a heater, a pump, a vacuum pump, and one or more cold
traps. The reactor assembly has a housing, one or more paddles, and a2 motor. The
housing receives plant biomass. The housing has a first wall and a second wall. The
first and second walls establish a through-passage. The paddie(s} stirs the received
plant biomass. The motor drives movement of the paddie(s). The heater heats fluid.
The pump moves the heated fluid through the housing’s through-passage. The
vacuum pump reduces a pressure within the housing  The cold trap(s) receives

resultant water and terpene vapor mixture from the reactor assembly.

[0007] According to a further embodiment, a terpene extraction system may
imnclude a reactor assembly, a first set of cold traps, and a second set of cold traps.
The reactor assembly has a housing and one or more paddles. The housing receives
plant biomass. The paddle(s} stirs the plant biomass received in the housing. The
first set of cold traps 1s situated downstream of the reactor assembly. The first set of
cold traps includes a first primary cold trap and a first secondary cold trap. The furst
primary and secondary cold traps exhubit a series arrangement with respect to each
other. The second set of cold traps exhibits a parallel arrangement relative to the

first set of cold traps. The second set of cold traps includes a second primary cold

[xe]
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trap and a second secondary cold trap. The second primary and secondary cold traps

exhibit a series arrangement with respect to each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The following detailed description of certain embodiments and best mode

will be set forth with reference to the accompanying drawings, m which:

(60091 FIG. 1 s a perspective view of a first embodiment of a terpene extraction
machine and system, this view depicting a multitude of guards shielding certain

components of the terpene extraction system from visibality;

[6010] FIG. 2 1s a top view of the terpene extraction system {guards removed
henceforth);

0011} FIG. 3 1s a troot view of the terpene extraction system;

[0012] FIG. 415 a sectional view of the terpene extraction system;

[0013] FIG. 5 is another sectional view of the terpene extraction system;

[0014] FIG. 6 15 an enlarged view of a conveyance intersection of the terpene

extraction system;

[0015] FIG. 7 15 a perspective view of an embodiment of a reactor assembly of

the terpene extraction systeny,

[0016] FIG. 8 15 a side view of the reactor assembly, displaying internal

components thergof,

[0017] FIG. 9 1s a bottom view of the internal components of the reactor
assembly;
[0018] FIG. 10 15 a perspective view of an embodiment of a primary cold trap of

the terpene extraction systeny,

[0019] FIG. 11 15 a side view of the primary cold trap;
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(60201 FIG. 12 13 a perspective view of the primary cold trap, displaying internal

components thergof,

0021} FIG. 13 15 a sectional view of the mternal components of the primary cold
trap,

(0022} FIG. 14 15 a bottom view of the miternal components of the primary cold
trap,

(0023} FIG. 15 15 a perspective view of an embodiment of a secondary cold trap

of the terpene extraction system;

(00241 FIG. 16 15 a sectional view of the secondary cold trap;
(60251 FIG. 17 15 a diagranunatic layout of the terpene extraction system;
[0026] FIG. 18 15 a perspective view of a second embodiment of a terpene

extraction machine and system;

[0027] FIG. 19 15 a top view of the second embodiment of the terpene extraction
system;

[0028] FIG. 20 1s a rear view of the second embodiment of the terpene extraction
system;

[0029] FIG 21 15 a side view of the second embodiment of the terpene extraction

system, with a guard open in order to view certain components;

[0030] FIG:z 22 s a sectioned side view of certamn components of the second

embodiment of the terpene extraction system;

[0031] FIG. 23 15 a side view of an embodiment of a reactor assembly that can be

equipped in the second embodiment of the terpene extraction system;

[0032] FI(y 24 15 a sectional view of the reactor assembly of FIG. 23;
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[0033] FIG. 25 15 a perspective view of an embodiment of a cold trap that can be

equipped in the second embodiment of the terpene extraction system;

[0034] FIG. 26 15 a side view of the cold trap of FIG. 25;

[0035] FIG. 27 13 a sectional view of the cold trap of FIG. 25;

{0036} FIG. 28 15 another sectional view of the cold trap of FIG. 25; and
(60371 FIG. 29 13 yet another sectional view of the cold trap ot FIG. 25,

DETAHLED DESCRIPTION

[0038] The drawings present embodiments of a terpene extraction system 10 and
method that are employed to extract terpenes from a plant biomass. The plant
biomass subject o terpene extraction can be derived from various source plants
mcluding, as but one example, a cannabis source plant. Unlike past approaches, the
terpene extraction system 10 and method have been shown to maximize the amount
of terpenes extracted from a particular batch of plant biomass, and can yield terpenes
that exhibit the higher quality and hugher purity levels so often desired  In the
cannabis source plant example, the terpene extraction systern 10 and method
effectively and efficiently extract terpenes present in the plant biomass, furnishing
remainder cannabinoid compounds that are otherwise unharmed and mtact and
suttable for further processing. Moreover, the terpene extraction systern 10 and
method, as described below, are designed and constructed to mass-produce extracted
terpenes in a largely uninterrupted and continuous manner. Extraction of terpenes
according to an embodiment 13 a solventless procedure and process —— that 15, a
solvent such as carbon dioxide {CO2) 15 not used amud the extraction process.
Furthermore, as used heremn, downstream refers to a direction in which prepared
resultants of the plant biomass are advanced through the terpene extraction system

10, and upstream refers to a direction that is opposite the downstream direction.

[6039] The terpene extraction system 10 can have different designs,

constructions, and componenis in various embodiments depending i part upon
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among other factors — the guantity of the plant biomass to be subjected to extraction
in a single batch and the intended amount of terpenes to be extracted from a
particular plant biomass batch.  In the embodiment of FIGS. 1-17, the terpene
extraction system 10 is a machine made-up of an assemblage of components that
includes a reactor assembly 12, a first set of cold traps 14, and a second set of cold
traps 16; still, m other embodiments the terpene extraction system could have more,
less, and/or different components than those set forth herein. With reference to FIG.
1, these components, as well as others described elsewhere, can be packaged together
and supported on a frame assembly 18, The frame assembly 18 has a number of
metal bars 20 attached together to establish the overall structure and skeleton of the
terpene extraction system 10, Guard walls and doors can be installed among the
frame assembly 18 to shield certain components of the terpene extraction system 10,
In FIG. 1, for wnstance, the first and second sets of cold traps 14, 16 are shielded

behind guard walls and doors and hence are not visible in this view,

[0040] The reactor assembly 12 serves to vaporize batches of plant biomass in
order to produce a water and terpene vapor mixture ready for downstream
processing. In the example of cannabis plant biomass, the reactor assembly 12 is
designed and constructed to perform this course of action in a gentle and smooth
manner m order to ultimately yield extracted and isolated terpenes of higher quality
and higher purity.  The reactor assemnbly 12 can have different designs,
constructions, and components n various ermnbodiments. In the embodiment here,
vaporization of the plant biomass imvolves precise control of temperature, pressure,
and movement of the plant biomass at the reactor assembly 12, With respect to the
first and second sets of cold traps 14, 16, the reactor assembly 12 15 situated
upstream of both of the cold traps 14, 16, and fluidly communicates with the cold

traps 14, 16 by way of a mam tube 22 (FIG. 2}.

0041} Referring particularly to FIGS. 7-9, the reactor assembly 12 according to
this embodiment has a housing 24, a heater 26, an agitator 28, and a motor 30; stiil
m other embodiments the reactor assembly could have more, less, and/or different

components. The heater 26 can be a3 component of the larger terpene extraction
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system 10, The housing 24 accepts reception and icading of the plant biomass in
discrete batches. In an example, the plant biomass can fill approximately one-half of
a total volume of an mterior 32 of the housing 24, The housing 24 has a generally
cybindrical shape with a main axis of the cylindrical shape arranged in a vertical
direction, establishing an overall vertical ortentation. The interior 32 is established
by an outer wall construction 34 (FIG. 53 The outer wall construction 34 can have a
jacketed construction formation, and can be composed of multiple walls spaced from
one another for nsulation and heating purposes. Referring to FIG. 5, a first outer
wall 36 and a second outer wall 38 are spaced from each other, establishing an outer
through-passage 40 therebetween. Fluid heated by the heater 26 can be pumped and
circulated through the outer through-passage 40 in order to increase the temperature
of the nterior 32 and thereby heat the plant biomass residing m the interior 32, The
flind can be water according to an example. The heater 26 can interact with the
housing 24 in various manners, depending on the embodiment, including by fluidly
comunumcating with the outer through-passage 40 via tubing, piping, hosing, and/or
fittings. The fliud can be heated within a range of approamately fifty degrees
Celsius {(S0°C) and one-hundred degrees Celsius (100°C); still, in other examples the
temperature can vary in value depending upon the particular plant biomass subject to
terpene extraction. The heater 26 can be an immersion type heater, and a pump can
be connected to the heater 26 and fhudly communicate therewith i order to move
the heated fhaid for circulation. In the embodiment here, the heater 26 13 mounted at
the frame assembly 18 a short distance from the housing 24,  An additional
outermost wall provides a spacing for insulation from the first and second outer
walls 36, 38 and the heated fluid therebetween. A sumular jacketed construction
formation can be provided at a bottom wall construction 42 of the housing 24
Lakewise, a jacketed construction formation can be provided at a wall construction
44 of a central hub 46. The central hub 46 15 situated mteriorly with respect to the
first and second outer walls 36, 38. The central hub’s wall construction 44 can be
composed of a first inner wall 48 and a second inner wall 56, As before, an inner

through-passage 52 1s established between the first and second inner walls 48, 50.
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[0042] The outer wall construction 34, bottom wall construction 42, and central
hub wall construction 44 can fluidly communicate with one another. By these
constructions and fhud communications, fhud heated by the heater 26 can be
circulated simultanecusly at the outer wall consiruction 34, at the bottom wall
construction 42, and at the central hub wall construction 44, The plant biomass
loaded in the housing 24 1s hence heated effectively and efficiently from multiple
directions and with increased surface area. In an example, the temperature of the
mterior 32 can be brought to and maintained within a range of approximately fifty
degrees Celsius (50°C) and one-hundred degrees Celsius (100°C); still, in other
examples the temperature can vary in value depending upon the particular plant
biomass subject to terpene extraction. Furthermore, and referring now to FIG. 7, the
housing 24 has a lid 54 that can be bolted in place. The lid 54 sits atop the
cyhindrical body of the housing 24, One or more doors 56 can be provided in the lid
54 for opening and loading the plant biomass in the housing 24, and then
subsequently closing. To empty the housing 24 of plant biomass once processing 1s
completed at the reactor assembly 12, a discharge door can be provided at a bottom

side of the housing 24.

[0043] The agitator 28 genily stirs and mixes the plant biomass inside the housing
24 to more evenly distribute the heat generated via the circulated heated flind to the
plant biomass. With reference now to FIGS. 8 and 9, the agutator 28 has a shatt 58, a
first arm 60, a second arm 62, a third arm 64, a first paddle 66, a second paddle 68,
and a third paddle 70, The shaft 58 is connected to the motor 30, The first, second,
and third arms 60, 62, 64 can extend from the shaft S8 for rotation therewith. The
paddles 66, 68, 70 can be composed of a stamless steel material. The first paddle 66
15 mounted to the first arm 60 and extends downward from the first arm 60 via an
extension for suspension within the housing’s mterior 32, The first paddle 66 has a
radially-inward position relative to the second and third paddles 68, 70, By s
location, the first paddle 66 serves as an 1nner paddle.  As shown in FIG. 9, the first
paddle 66 15 angled with respect to a radius of the circular shape of the housing 24
The angle of the first paddle 66 incites movement of the plant biomass outwardly

and toward the outer wall construction 34, The second paddle 68 18 mounted to the

-8 -
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second arm 62 and extends downward from the second arm 02 via an extension for
suspension within the housing’s interior 32. The second paddle 68 has a radially-
middle position relative to the first and third paddies 66, 70. By its location, the
second paddie 68 serves as a muddle paddle. As shown in FIG. 9, the second paddle

68 1s oriented in-line with respect to the housing’s radius.

[0044] Lastly, and n a similar way, the third paddle 70 s mounted to the third
arm 64 and extends downward from the third arm 64 via an extension for suspension
within the housing’s interior 32. The third paddle 70 has a radially-outward position
refative to the first and second paddies 66, 68. By its location, the thurd paddle 70
serves as an outer paddle. As shown m FIG. 9, the third paddle 70 is angled with
respect to a radius of the circular shape of the housing 24, The angle of the third
paddle 70 is in contrast to that of the first paddle 66 and incites movement of the
plant biomass inwardly and away from the outer wall construction 34. Together, the
angles and orientations of the first, second, and third paddles 66, 68, 70 work to keep
the plant biomass steadily stirred and circulating in the housing’s interior 32, Still, in
other embodiments, the agitator could have a different design and construction of
arms and extensions, and could have a different number of paddles than set forth

herein.

[0045] The motor 30 drives rotational movement of the agitator 28 and s arms
60, 62, 64 and its paddles 66, 68, 70 about the shaft 58, The motor 30 drives the
shaft 58 to spin about its axis. The motor 30 1s mounted at an exterior of the housing
24 and atop the hid 534, In an example, the motor 30 could be a gearmotor of the
variable speed drive (VSD) type, and could output two horsepower (2 hp) and
twenty-eight revolutions per minute (28 RPM); still, other types of motors exhibiting

other outputs could be moplemented mn other embodiments.

[0046] With reference now to FIGS. 3-5, in order to reduce the pressure within
the reactor assembly 12 during vaporization of the plant biomass, a vacuum pump 72
is provided. The vacuurm pump 72 can have communication with the housing’s

mterior 32 via tubing, piping, hosing, and/or fittings. The vacuum pump 72 can also

-0
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communicate via tubing, piping, hosing, and/or fittings with the first and second sets
of cold traps 14, 16 1n order to induce a pressure reduction thereat as well, and
consequently move water and terpene vapor mixture through the first and second sets
of cold traps 14, 16, Applying a vacoum condiion to the reactor 12 effecis a
reduciion i the evaporation point of the terpenes in the plant biomass subject to
extraction, which in turn permits a decreased degree in the heat demanded at the
interior 32. It has been shown that increased heat amid terpene extraction can cause
harm to the terpenes. In an example, the pressure within the reactor assembly 12 s
reduced to approximately S to 1,000 microns; still, other reduction values could be
implemented in other embodiments. Furthermore, i an example, the vacuum pump
could be provided by the Edwards company of Burgess Hill, England, under model
number 35cie; still, other types of pumps and other models from other companies

could be implemented in other embodiments.

[0047] In an example of use, the plant biomass 15 processed by the reactor
assembly 12 for a duration that can range between approxumately sixty (60} minutes
and two-hundred-and-forty {240} nunutes; still, in other examples the duration can
vary i value depending on the quantity of plant biomass and the particular plant
hiomass subject to terpene extraction. The resultant water and terpene vapor mixture
15 transferred downstream trom the reactor assembly 12 to the first and second sets
of cold traps 14, 16 via a sweeping or purging of the housing’s interior 32, In one
example, an inert gas 1s used to sweep the mterior 32 of water and terpene vapor
moixture, Nitrogen can be utilized as the sweeping agent. A sweep valve 74 (FIG.
17} 13 opened in order to initiate sweeping and permit entry and flow of the mert gas
to the interior 32 from a supply. The sweep valve 74 can be of the solenoid valve
type. In an example, the duration of opening of the sweep valve 74 can range
between approximately 1 and 15 seconds; still, in other examples the duration can

Vary.

[0048] The first and second sets of cold traps 14, 16 serve to capture water and
terpene from the water and terpeng vapor muxiure produced upstream via the reactor

assembly 12 and transferred thereto. The water and terpene vapor muxture is

-10-
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condensed at the first and second sets of cold traps 14, 16, and resulting water and
terpene is frozen n the first and second sets of cold traps 14, 16. The frozen water
and terpene can then be thawed in the first and second sets of cold traps 14, 16, In
this embodiment, the first and second sets of cold iraps 14, 16 have a parallel
arrangement with respect to each other for independent use amid operation of the
terpene extraction system 10, The parallel arrangement provides the ability of the
terpene extraction system 10 to operate i a largely continuous manner — for
mstance, as the first set of cold traps 14 1s working, the reactor assembly 12 can
concurrently initiate vaporization of a discrete and fresh batch of plant biomass and,
when ready, transfer the resulting water and terpene vapor nuxture of the discrete
batch to the second set of cold traps 16, The mitiation of vaporization need not wait
until the first set of cold traps 14 has completed its cycle of working. Whether the
water and terpene vapor mixture is transferred to the first set of cold traps 14 or, on
the other hand, to the second set of cold traps 16 s dictated by valve openings and
closings at a conveyance ntersection 76 (FIG. 6) sttuated downstream of the reactor
assembly 12 and upstream of the first and second sets of cold traps 14, 16, With
reference to FIG. 17, a first valve 78 and a second valve 80 can be equipped at the
conveyance intersection 76, The first and second valves 78, 80 can be of the
poeumatic valve type. Sull, in other embodiments, the terpene extraction system
could have a single set of cold traps mstead of a pair of sets, or could have more than

a pair of sets 1o paraliel

(00491 With reference to FIGS. 2, 4, and 5, each of the fust and second sets of
cold traps 14, 16 mcludes a primary cold trap 82 and a secondary cold trap 84
according to this embodiment. The primary cold trap 82 of the first set of cold traps
14 can be sinmlar to that of the second set of cold traps 16; ikewise, the secondary
cold trap 84 of the first set of cold traps 14 can be sunilar to that of the second set of
cold traps 16, Relative to each other, the first set of cold traps 14 has a first primary
cold trap 82 and a first secondary cold trap 84, and the second set of cold traps 16
has a second primary cold trap 82 and a second secondary cold trap 84, The first
primary and secondary cold traps 82, &4 have a series arrangement with respect 1o

each other, and the second primary and secondary cold traps 82, 84 also have a series

-11 -
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arrangement with respect to each other. The series arrangement has been found to
facilitate the maximization of the amount of terpenes extracted from a particular
batch of plant biomass. For instance, i some cases the primary cold trap 82
captures frozen water and terpenes from the water and terpene vapor mixture in an
amount up to approximately sixty percent {60%) of the total water and terpene
contained in the vapor nuxture, or a majority thereof, while the secondary cold trap
84 captures the remaining amount of approximately forty percent (40%) of the total;
still, these amounts and percentages can vary in other examples. The primary cold
trap 82 15 situated immediately downstream of the reactor assembly 12, and the
secondary cold trap 84 1s situated immediately downsiream of the primary cold trap
82, The primary cold trap 82 fluidly communicates with the reactor assembly 12,

and hkewise fluidly communicates with the secondary cold trap 84.

[0050] The primary cold trap 82 can have different designs, constructions, and
components in various embodiments. In the embodiment of FIGS. 10-14, the
primary cold trap 82 1s of the Dewar type. In general, the primary cold trap 82 has a
housing 86, a set of fing 88, and a partition wall 20, The housing 86 establishes an
mtertor 92 through which water and terpene vapor mixture flows amid use of the
primary cold trap 82 An inlet 94 receives entry of the water and terpene vapor
nuxture nto the primary cold trap 82 and into the interior 92, The water and terpene
vapor nmuxture received at the nlet 94 comes from the reactor asserobly 12, Opposite
the inlet 94, an outlet 96 allows exit of the remaining water and terpene vapor
roixture that makes its way through the primary cold trap 82 without capture. Water
and terpene vapor mixture exiting the primary cold trap 82 travels dowustream to the
secondary cold trap 84, Between the nlet 94 and outlet 96, the water and terpene
vapor mixture travels downward and around the set of fing 88, The partition wall 90
extends wholly across the interior 92 1 a cross~wise direction to the sides of the
housing &6, but stops short of the housing’s bottom wall.  The partitton wall 90
hence causes a somewhat circuttous path of the water and terpene vapor mixture
traveling through the interior 92, and physically obstructs a more direct path. The
path of water and terpene vapor mixture 18 represented n FIG. 11 by a broken line

98. The water and terpene vapor mixture has increased exposure to the set of fing 88

12 -
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due to the path forced upon it via the partition wall 90, The set of fins 88 provide

imcreased surface area to effect condensation and freezing.

{00511 Furthermore, the primary cold trap 82 has a thimble-like construction 100
provided 1o s stracture. The thimble 100 establishes a cavity 102, The cavity 102
receives insertion of an immersion cotl (not depicted) i full assembly and
mstallation.  The mmmersion coil is seated i the cavity 102, Coolant fluid is
contained in the cavity 102 and submerges the immersion cotl. The immersion coi
is cooled by an immersion coilf chiller system 104 (FIG. 4}, which in turn cools the
coolant fluid and causes cooling of the set of {ins 88, The temperature in the primary
cold trap 82 can range between approximately negative eighty degrees Celsius (-
80°C) and negative one-hundred degrees Celsius (-100°C) when activated during
use; still, in other examples the temperature at the primary cold trap 82 can vary in
value. In an example, the immersion cotl chiller system could be a low temperature
cooler with the model number IP-100 or IP-80 provided by PolyScience of Niles,
Hihinois U.S A.; still, other types of chiller systems and other types of models from

other companies could be implemented in other embodiments.

[0052] In order to expedite thawing of frozen water and terpenes captured in the
primary cold trap 82, a heater 106 i3 integrated into the design and construction of
the primary cold trap 82, The type of heater provided can dictate its particular
mtegration into the primary cold trap 82, In this embodiment, the heater 106 15 of
the cartridge heater type. The heater 106 is located at a central region of the housing
86 and 1s mserted i a socket 108 of the primary cold trap 82 The socket 108 15
disposed in the cavity 102 and extends therethrough. An exterior of the socket 108 18
submerged in the coolant fluid contamned n the cavity 102, During use of the
primary cold trap 82, the heater 106 can be activated ON and deactivated OFF at
desired setpomts and cycled times.  The temperature of the heater 106, when
activated, can range between approximately thurty degrees Celsius (30°C) and sixty
degrees Celsius (60°C); still, in other examples the temperature of the heater can
vary in value. Thawed water and terpenes in hiquid form can exat the primary cold

trap &2 via 3 collection outlet 110 (FIG. 11} A valve can be equipped adjacent the



WO 2022/170065 PCT/US2022/015273

collection outlet 110 1 order to conirol the opening and closing thereof. The valve
can be of the pneumatic valve type. Downstream of the collection outlet 110, a
collection can 112 (FIG. 3} can accept the thawed water and terpenes in liguid form.
From there, the thawed water and terpenes can be poured into one or more separatory
funnels. The separatory funnel{s) separates the water and terpenes in discrete layers,
effectively isolating the extracted terpenes. The separatory funnel{s) can be a stand-

alone device. Sull) in other embodiments, thawing can be carried out in other ways.

[0053] The secondary cold trap 84 can have different designs, constructions, and
components in various embodiments. In the embodiment of FIGS. 15 and 16, the
secondary cold trap 84 has a housing 114, muluple perforated plates 116, and a
heater 118. The housing 114 establishes an mterior 120 through which remaining
water and terpene vapor mixture flows amid use of the secondary cold trap 84. An
inlet tube 122 receives remaining water and terpene vapor mixture from the primary
cold trap 82 and leads 1t into the interior 120, The inlet tube 122 extends through the
mterior 120 and presents its open end 124 at a bottom region 126 of the interior 120,
Remaining water and terpene vapor mixture is thereby deposited at the bottom
region 126, where 1t 15 inttially located beneath the perforated plates 116, Opposite
the bottom region 126 and located at an upper region, an outlet 128 provides an exit.
Between the mlet’s open end 124 and the outlet 128, the remaining water and terpene
vapor mixture travels upward and through the perforated plates 116, The housing
114 has a jacketed wall construction made-up of multiple walls for msulation and
cooling purposes. A first outer wall 130 and a second outer wall 132 are spaced
from each other, establishing a coolant through-passage 134 therebetween. An
additional outermost wall provides a spacing for insulation from the first and second
outer walls 130, 132 and coolant therebetween. Coolant can be pumped and
circulated through the coolant through-passage 134 via tubes 136 m order to
decrease the temperature of the mterior 120, In an example, the coolant 15 hiqud

nitrogen {LNz}; still, the coolant could be something else i other examples.

[0054] The perforated plates 116 are stacked laterally across the housing’s

mterior 120, In the embodiment of FIG. 19, there are four m total, but there could be
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other quantities in other embodiments. Each perforated plate 116 has numerous
perforations defined in its structure for the attempted passage of remaining water and
terpene vapor mixture. Further, one or more escape openings 138 ¢an reside i the
structure of each perforated plate 116 in the event that its perforations become
clogged amud use with frozen water and terpenes. To provide cooling to the
perforated plates 116, coolant tubes 140 are routed beneath each perforated plate
116. The coolant tubes 140 are in direct surface-to-surface abutment with the
perforated plates 116, Coolant can be pumped and circulated through the coolant
tubes 140, In an example, the coolant 5 hiquid nitrogen (LN2); stil, the coolant
could be something else in other examples. The temperature in the secondary cold
trap 84 can range between approximately negative one-hundred-and-sixty degrees
Celsius (-160°C) and negative one-hundred-and-eighty degrees Celsius {-180°C)
when activated during use; still, in other examples the temperature at the secondary

cold trap 84 can vary in value.

[0055] In order to expedite thawing of frozen water and terpenes captured in the
secondary cold trap 84, the heater 118 ts integrated into the design and construction
of the secondary cold trap 84. The type of heater provided can dictate us particular
mtegration into the secondary cold trap 84, In this embodiment, the heater 118 15 of
the cartridge heater type. The heater 118 1s located at a central region of the housing
114 and 15 mserted m a socket 142 of the secondary cold trap 84, The socket 142 s
disposed n the terior 120 and extends therethrough. A exterior of the socket 142
can roake abutment with the perforated plates 116, Durning use of the secondary cold
trap 84, the heater 118 can be activated ON and deactivated OFF at deswred setpoints
and cycled tumes. The teroperature of the heater 118, when activated, can range
between approximately thirty degrees Celstus (30°C) and sixty degrees Celsius
(60°C); sull, mn other examples the temperature of the heater can vary in value.
Thawed water and terpenes in hquid form can exit the secondary cold trap 84 via a
collection outlet 144, A valve can be equupped adjacent the collection outlet 144 1n
order to control the opening and closing thereof The valve can be of the pneumatic
valve type. Bownstream of the collection outlet 144, a collection can 146 {FIG. 3}

can accept the thawed water and terpenes in hquid form. From there, the thawed
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water and terpenes can be poured mto the separatory funnel(s) previously described.

Stilf) in other embodiments, thawing can be carried out in other ways.

[0056] Furthermore, in other embodiments, the primary cold trap 82 could have
the designs, constructions, and components shown and described 1o relation to the
secondary cold trap 84, while the secondary cold trap 84 could have the designs,
constructions, and components shown and described in relation to the primary cold
trap 82. In other words, the locations of the primary and secondary cold traps 82, 84
in the larger terpene extraction system 10 could be swapped with each other and
substituted for each other. Yet further, in anocther embodiment, the terpene
extraction system 10 could merely have a pair of primary cold traps arranged in

parallel and in the absence of downstream secondary cold traps.

[0057] The terpene extraction system 10 can have additional components that
assist and facihitate uts functionality. For imputting parameters to the system and
outputting operational date and mnformation to an operator, a human-machine
interface (HMI) 148 (FIGS. 1 and 3) s provided. In an example, the HMI 148 could
be a touch screen panel monitor with the model number HIS-UMZ2Z3-STTD provided
by Hope Industrial Systems, Inc. of Roswell, Georgia U S A ; still, other types of
HMIs and other types of monttors and models from other companies could be
mmplemented m other embodiments. With particular reference to FIG. 17, a
multitude of valves 150 are equipped at various locations n the terpene extraction
system 10. The valves 150 open and close to permit and prevent fhmd-flow thereat,
as coramanded by a controller (set forth below). Differimg types of valves can be
provided, mcluding of the solenowd tvpe, of the pneurnatic type, or some other type.
Further, a multitude of thermocouples 152 are deployed at various locations in the
terpene  exiraction system 10 The thermocouples 152 take temperature
roeasurements at their respective locations and output the readings to the controller.
Lastly, a multitude of vacuum gauges 134 are deployed at various locations i the
terpene extraction system 10, The vacuum gauges 154 take pressure measurements

at their respective locations and output the readings to the controller.
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[0058] The terpene extraction system 10 and its various operations can be
automated and managed by a controller such as a programmable logic controlier
(PLC).  The controller can receive and send inpuis and outputs in the terpene
extraction system 10, For instance, the controller can command the opening and
closing actuations of the various valves, can activate and deactivate the heater 26 and
the motor 30 and the vacuum pump 72, and can turn the heaters 106, 118 ON and
OFF. In an example, the controller could be controller of the Compacilogix™
series, model L33, provided by Rockwell Automation, Inc. of Milwaukee,
Wisconsin, U.S. A ; still, other types of controllers and other types of PLCs and

models from other compantes could be implemented in other embodiments.

[0059] According to an embodiment, a method of extracting terpenes from plant
hiomass can involve multiple steps. The method can vary in other embodiments,
meluding having more, less, and/or different steps than those set forth here. Plant
hiomass 15 loaded into the interior 32 of the housing 24 via the Iid 54 and tts door(s)
56. Water heated by the heater 26 s circulated through the outer wall construction
34, through the bottom wall construction 42, and through the central hub wall
construction 44, The temperature of the intertor 32 is hence increased, as well as the
temperature of the plant biomass residing therein. The motor 30 drives rotational
moverment of the agiator 28 The first, second, and third paddies 66, 68, 70 revolve
within the interior 32 and steadily stir the plant biomass and maintain roovement of
the plant biomass. A vacuum 13 apphied to the mntenior 32 via the vacuum pump 72,
The temperature increase, stirring, and vacuum can be furnished concurrently and
continuously amid batch processing and for a duration that can range between
approximately sixty (60) minutes and two-hundred-and-forty (240} minutes, or one-
hundred-and-twenty (120} mimites, per examples, depending on the size of the batch
and the particular plant biomass. These conditions that are controlled and rendered
at the interior 32 — heat, stirning, and vacuum —— have been found to efficiently and
effectively cause vaporization and produce a water and terpene vapor mixture that
ultimately vields terpenes possessing higher quality and higher purnity levels
Moreover, the amount of terpenes yielded 1s maximized. Solvents commonly added

in past procedures, such as carbon dioxide (COn}, are not added amid vaporization in
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the method set forth hergin involving the terpene extraction system 10, The
degradation to the extracted terpenes that can be a consequence of added solvents is
hence precluded. In this sense, the extracted terpenes are preserved. At the end of
the processing at the reactor assembly 12, resultant water and terpene vapor mixture
are then transferred downstream to one of the first or second sets of cold traps 14, 16,
In the embodiment here, the transfer is effected via the sweeping or purging at the
interior 32. Downstream, the water and terpene vapor mixture mitially encounters
and 1s mmtially received in the first primary cold trap 82 of the first set of cold traps
14, for example. At least some of the water and terpene vapor mixture is condensed,
frozen, and captured at the first primary cold trap 82. Remaining water and terpene
vapor mixture from the first primary cold trap 82 is subsequently received in the first
secondary cold trap 84. At least more of the remaining water and terpene vapor
mixture 18 condensed, frozen, and captured at the first secondary cold trap 84, The

frozen water and terpenes is then thawed, collected, and separated.

[0060] A second embodiment of the terpene extraction system 10 15 presented in
FIGS. 18-29. Some components of the second embodiment are sinular to, or the
same as, components in the first embodiment, and those similarities may not be
repeated here in the description of the second embodument Unlike the first
embodiment, the housing 24 of this second embodiment exhibits an overall
horizontal orientation. A rain axis of the housing’s cylindrical shape 18 arranged 1o
a horizontal direction. This orientation bas been found to faciluate reception and
loading of the plant biomass in the housing’s mterior 32, as well as the exit and
unloading procedure that follows. In an example, the interior 32 can accept a plant
biomass batch size of up to twenty pounds (20 1bs.); still, other quantities may be
possible 1 other examples. Further, and with particular reference to FIG. 22, in this
embodiment a linear actuator 156 15 provided and serves to tilt the housing 24
forward and downward to ease unloading of the plant biomass. In an example, the
housing 24 15 tilted approxamately fifteen degrees (157) from s normal horizontal
orientation. The linear actuator 156 can be of the pneumatic type, and can include a
cylinder, rod, and magnetic pision, among other components and as will be

appreciated by skilled artisans. When commanded, the hinear actuator 156 moves
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from a retracted state to an extended state. The linear actuator 156 can have a
pivoted mounting 158 at a bottom and backside of the housing 24, As before, the
interior 32 is established by the outer wall construction 34, as shown in FIG. 24 The
outer wall construction 34 can have a jacketed construction formation, and can be
composed of multiple walls spaced from one another for msulation and heating
purposes.  The first outer wall 36 and second ouier wall 38 are spaced from each
other and establish the outer through-passage 40 therebetween. The bottom wall and
central hub wall constructions of the first embodiment can be absent in this second

embodiment.

[0061] Another dissimilarity with the first embodiment is the lid 54 n this second
embodiment. The hid 54 1s depicted in a closed state in the figures, but can be swung
o an open state about a pair of gas spring and damper mechanisms 160, shown best
by FIG. 23, The lid 54 can open mnety degrees {90°) from its closed state, for
example. Multiple hand wheels 162 are equipped arcund the lid’s circumference and
can be used to tighten and secure the lid 54 in the closed state, and conversely to
loosen and open the hid 54 A gasket such as an o-ring, can be provided at an
mntertace between the hid 54 and main body of the housing 24 in order to form a seal

therearound upon closure.

[0062] The heater 26 serves to increase the temperature of the housing’s interior
32, and in turn to increase the temperature of the plant biomass residing in the
imnterior 32 Fld, such as water, is heated by the heater 26 and pumped and
circulated through the outer through-passage 40 The heater 26 can have different
designs, constructions, and components 1o various embodiments depending upon —
among other factors — the size of the housing 24 and the armount of plant biomass to
be subjected to heating. With reference to FIGS. 20 and 21, in this embodiment the
heater 26 1s an assemblage that includes an expansion tank 164 and a pump 166,
addition to the heater siself. The assemblage can establish a closed loop of flnd
flow. The heater 26, expansion tank 164, and pump 166 are mounted at the frame
assembly 18 a short distance from the housing 24, and the three components fhndly

communicate with one another via tubing, piping, hosing, and/or fittings. The heater
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26 fluidly communicates with the outer through-passage 40 wvia tubing, piping,
hosing, and/or fittings. The water can be heated within a range of approximately
fifty degrees Celsius {(50°C) and one-hundred degrees Celsius {100°C}; still, in other
examples the temperature can vary in value depending upon the particular plant
biomass subject to terpene extraction. The expansion tank 164 accommodates
thermal expansion of the heated water, and the pump 166 moves the heated water for
circulation in the outer through-passage 40. In an example, the pump 166 could be
provided by the ITT Goulds Pumps company of Seneca Falls, New York, US A
still, other types of pumps and other models from other compamies could be

implemented inn other embodiments.

[0063] Referring to FIG. 24, the agitator 28 in the second embodiment has a
single paddle 168 that steadily stirs the plant biomass in the housing’s interior 32 and
keeps the plant biomass moving amid operation of the reactor assembly 12. The
paddie 168 spans wholly across the intertor 32 in an axial direction between the lid
54 and the housing’s backside. The paddle 168 is supported and suspended close to
an inside surface 170, The inside surface 170 partly establishes the interior 32. A
small clearance can be defined between the paddle 168 and the inside surface 170.
The paddle 168 can slightly skim the inside surface 170 as it revolves during use.
Multiple arms 172 and cross bars 174 structurally support and carry the paddle 168.
The arms 172 extend from the shaft 58 As before, the motor 30 drives rotational
movement of the paddle 168 about the shaft 58, Further, and referring now to FIGS,
20 and 21, the vacuum pump 72 10 the second embodiment decreases the pressure at
the interior 32, A vacuum condition i3 applied to the imnterior 32 by the vacuum
pump 72, The vacuum pump 72 can comununicate with the mterior 32 via tubing,
piping, hosing, and/or fittings. Per an example, the pressure within the reactor
assembly 12 18 reduced to approximately 3 to 1,000 microns; still, other reduction
vahies could be implemented n other embodiments. Once a batch of plant biomass
1s processed by the reactor assembly 12, the resultant water and terpene vapor
mixture 1s then transferred downstream of the reactor assembly 12 via a sweeping or

purging of the interior 32 by a sweeping agent such as nitrogen.
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[0664] The second embodimeni of the terpene extraction system 10 has a single
cold trap 176 siuvated downstream of the reactor assembly 12 and fhudly

communicating with the reactor assembly 12 wvia tubing, piping, hosing, and/or
£ g £

fittings.  Resuhtant water and terpene vapor mixture produced upstream by the
reactor assembly 12 1s received by the cold trap 176, condensed, frozen, and hence
captured thereby. Subsequent thawing and separation can take place offhine and at a
discrete station and location apart from the terpene extraction systemr 10, as
described more below. Further, the vacuum pump 72 can communicate via tubing,
piping, hosing, and/or fittings with the cold trap 176 in order to induce a pressure
reduction thereat, and consequently move water and terpene vapor mixture through
the cold trap 176. The cold trap 176 can have different designs, constructions, and
components in various embodiments. In the embodiment of FIGS. 25-29, the cold

trap 176 has a housing 178, a partition wall 180, and a coolant or dip tube 182,

[0063] The housing 178 s generally cylindrical in shape according to this
embodiment. A cover and top wall 184 encloses one end, and a bottom wall 186
encloses the opposite end. A clamp 188 furnishes a securement at the cover 184,
Handles 190 allow physical carrying and transport of the cold trap 176 by a user, as
well as install and uninstall actions of the cold trap 176 on and off of the terpene
extraction system 10, An inlet 192 and port receives entry of the resultant water and
terpene vapor nuxture 1nto the cold trap 176, The resultant water and terpene vapor
nuxture travels from the reactor assembly 12 and to the cold trap 176 via a main tube
or hose 194 (FIGS., 19-21). A bowl reducer 195 and a filter can be equipped
between the reactor assembly 12 and the mamn hose 194, as shown. Opposite the
mlet 192, an outlet 196 and port allows exit of the uncaptured water and terpene
vapor mxture, if any, and downstream of the cold trap 176 to exhaust outside of the
terpene extraction system 10, Further, the housing 178 has an outer housing or tube
wall 198, and has an inner housing or tube wall 200 inserted therein. In an example,
the outer tube wall 198 has a ten-inch (107) diameter and the inner tube wall 200 has
a six-inch {6") diameter; still, other diameter dimensions are possible n other

examples. The mner tube wall 200 has an axial extent {relative to the housing’s
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cvlindrical shape) that is shorter than an axial extent of the outer tube wall 198 The

mnner fube wall 200 has a closed end at a bottom wall 202 thereof

0066} The partition wall 130 extends between the oufer tube wall 198 and the
mner tube wall 200, as illustrated wn FIGS. 27 and 29 The partition wall 180 is
made-up of a first portion 204 and a second portion 206, The first and second
portions 204, 206 can constitute discrete wall sections of the partition wall 180, The
first portion 204 spans wholly between the outer and inner tube walls 198, 200 11 a
radial direction {relative to the cyhindrical shape) on one side of the cuter and mner
tube walls 198, 200, In a simular manner, the second portion 206 spans wholly
between the outer and inner tube walls 198 200 in the radial direction, but on an
opposite side of the outer and inner tube walls 198, 200 with respect to the location
of the first portion 204, The partition wall 180 1s coextensive in the axial direction
with the inner tube wall 200, An interior passage 208 s established between the
outer and inner tube walls 198, 200, and is established between the bottom walls
186, 202. A fluid-flow pathway from the mnlet 192 and to the cutlet 196 is thereby
established. The partition wall 180 serves to divert flind-flow that would otherwise
occur hetween sides of the outer and inner tube walls 198, 200, compelling a more
circuttous path downward and between the bottom walls 186, 202. The path of water
and terpene vapor mixture is represented in FIG. 28 by a broken line 2100 In this
way, the water and terpene vapor nuxture has ncreased exposure to the confronting
surfaces of the 1nner tube wall 200, promoting enhanced condensation and freezing

thereat and thereagaiost.

(60671 The dip tube 182 delivers coolant to a cavity 212 established at an interior
214 of the wner tube wall 200 mn order to effect cooling at the nner tube wall 200
and cooling at the bottom wall 202, The cavity 212 5 separate from the inferior
passage 208 and walled-oft therefrom by the nner tube wall 200 and by the bottomn
wall 202, As depicted 1o the sectional views of FIGS, 27 and 28, the dip tube 182
passes through the cover and top wall 184 and spans downward toward and close to
the bottom wall 202, An open end 216 of the dip tube 132 1s spaced a small distance

above the bottom wall 202 for depositing coolant thereat. In an example, the coolant
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is hiquid mitrogen (L. N2}; still, the coolant could be something else in other examples.
The temperature in the cold trap 176 and at the inner tube wall 200 can be brought to
a range of approximately negative one-hundred-and-sixty degrees Celsius (-160°C)
and negative one-hundred-and-eighty degrees Celsius (-180°C) when activated
during use; still, in other examples the temperature at the nner tube wali 200 can
vary in value. In the LNz example, consequential nitrogen gas can exit the cavity
212 by way of an outlet 218 at the cover and top wall 184, Further, thermocouples

152 can be deployed at fittings 219 in the cover and top wall 184,

[0068] Once processing at the cold trap 176 s complete, frozen water and terpene
adhered to surfaces defining the interior passage 208 — such as exterior surfaces of
the inner tube wall 200 and bottom wall 202 — can be thawed and melted to a liquid
state. According to an embodiment, the cold trap 176 s taken offline and uninstalled
from the terpene extraction system 10. The cold trap 176 is carried to a melt-out
station in which compressed air can be blown through the cavity 212 via the mlet at
the dip tube 182, The compressed air can be room temperature air or heated awr, and
promotes thawing and melting. The ligmd water and terpene mixture exits the cold
trap 176 via a collection outlet 220 (FIGS. 26 and 27) and, from there, can be poured
mnto the separatory funnel{s}) for separation and isolation. In addition, while the cold
trap 176 1s oftline and the thawing 1s taking place, a discrete and ready-for-use cold
trap can be substituted and nstalled 1o the terpene extraction system 10. The terpene
extraction system 10 can accordingly continue us operation.  Stidl, m other

embodiments, the compressed air need not he employed for thawing.

[6069] Designs, constructions, and components described 1o relation to the fust
embodiment can be implemented 10 the second embodiment; and likewise designs,
constructions, and components described in relation to the second embodiment can
be implemented in the first embodiment.  As an example, the primary or secondary
cold traps of the first embodiment can be equipped in the terpene extraction system
of the second embodiment, and the single cold trap of the second embodument can be

equipped i the terpene extraction sysiem of the first embodiment.
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[0070] It i5 to be understood that the foregoing description is not a definition of
the mnvention, but is a description of one or more preferred exemplary embodiments
of the invention. The invention is not limited to the particular embodiment{s)
disclosed herein, but rather 1s defined solely by the claims below. Furthermore, the
statements contained in the foregoing description relate to particular embodiments
and are not to be construed as limitations on the scope of the vention or on the
definition of terms used in the claims, except where a term or phrase 15 expressly
defined above Various other embodiments and various changes and modifications
to the disclosed embodiment(s) will become apparent to those skilled in the art. All
such other embodiments, changes, and modifications are intended to come within the

scope of the appended claims.

[0071] As used in this specification and claims, the terms “for example,” “for
mstance,” and “such as,” and the verbs “comprising,” “having,” “including,” and
their other verb forms, when used in conjunction with a listing of one or more
components or other items, are each to be construed as open-ended, meaning that
that the listing is not to be considered as excluding other, additional components or
items. Other terms are to be construed using their broadest reasonable meaning

unless they are used in a context that requires a different interpretation.
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CLAIMS

1. A terpene extraction system, comprising:

a reactor assembly having a housing and an agitator, said housing having an
interior that receives plant biomass, said agitator having at least one paddle situated at
said interior;

a heater interactable with said housing in order to increase a temperature of
said interior; and

at least one cold trap situated downstream of said reactor assembly and

communicable with said housing.

2. The terpene extraction system as set forth in claim 1, wherein said housing
has a jacketed construction with a first outer wall and a second outer wall establishing an
outer through-passage therebetween, fluid heated via said heater 5 circulated through

said outer through-passage and increases the temperature of said interior.

3. The terpene extraction system as set forth i ¢laim 1, wherein said housing
has a first mner wall and a second inner wall located at said interior and establishing an
mner through-passage therebetween, fluid beated via said heater 1s circulated through

said inner through-passage and increases the temperature of said interior,

4. The terpene extraction system as set forth wn claim 1, wherein said at least
one paddle mcludes a plurality of paddles, said plurality of paddles stirring the plant
biomass received m said intertor of said housing amid use of the terpene extraction

syatem.

5. The terpene extraction system as set forth i claim 1, wherein said reactor

assembly includes a motor, said motor driving movement of said at least one paddie.

3
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6. The terpene extraction system as set forth in claim 1, further comprising a
vacuum pump communicable with said interior of said housing in order to reduce a

pressure within said interior.

7. The terpene extraction system as set forth in claim 6, wherein, during use
of the terpene extraction system, said agitator and said at least one paddle stir the plant
biomass at said interior, said heater increases the temperature at said interior, and said

vacuum pump reduces the pressure within said interior.

8. The terpene extraction system as set forth in claim 1, wherein said at least
one cold trap comprises at least one of a set of fins, a partition wall, at least one

perforated plate, or at least one coolant tube.

9. The terpene extraction system as set forth m claim 1, wherein said at least
one cold trap has an outer housing wall and an mover housing wall, an interior passage

established between said outer housing wall and said muner housing wall,

10. The terpene extraction system as set forth i claim 9, wherein said at least
one cold trap has a partition wall extending between said outer housing wall and said
mner housing wall, and said at least one cold trap has a coolant tube situated at a cavity

established by said 1nner housing wall.

11, The terpene extraction system as set forth in clawm 1, wherein said at least
one cold trap includes a primary cold trap situated downstream of said reactor assembly

and mcludes a secondary cold trap situated downstream of said primary cold trap.

12. The terpene extraction system as set forth in claim 11, wherein said at
least one cold trap includes a second primary cold trap situated downstream of said
reactor assembly, and a second secondary cold trap situated downstream of said second

primary cold trap.
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13. The terpene extraction system as set forth in claim 12, wherein said
second primary cold trap and said second secondary cold trap have a parallel arrangement

relative to said primary cold trap and said secondary cold trap.

14. The terpene extraction system as set forth in claim 11, wherein said
primary cold trap, said secondary cold trap, or both of said primary and secondary cold

traps have a heater that increases the temperature of an interior thereof.

15, A method of extracting terpenes from plant biomass, the method
comprising;

heating the plant biomass in a reactor assembly;

stirring the plant biomass in said reactor assembly;

applying a vacuum in said reactor assembly; and

freezing resultant water and terpene vapor mixture from said reactor assembly

via at least one cold trap.

16, The method of extracting terpenes from plant biomass as set forth in claim
15, wherein said heating, sturing, and applying the vacuum steps are performed

concurrently n said reactor assembly.

17. The method of extracting terpenes from plant biomass as set forth m claim
15, further comprising transferring the resultant water and terpene vapor miuxture from
said reactor assembly to said at least one cold trap via a sweeping of an interior of said

reactor assembly with a8 sweeping agent.

1&. The method of extracting terpenes from plant biomass as set forth in claim
17, further comprising:

heating a second batch of plant biomass i said reactor assembly after the
resultant water and terpene vapor mixture is transferred to said at least one cold trap and

while the frozen resultant water and terpene vapor mixture is being thawed;

L]
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stirring the second batch of plant biomass in said reactor assembly after the
resultant water and terpene vapor mixture is transferred to said at least one cold trap and
while the frozen resultant water and terpene vapor mixture 1s being thawed; and

applying a vacuum n said reactor assembly and subjecting the second batch
of plant biomass thereto after the resultant water and terpene vapor mixture 1s transferred
to said at least one cold trap and while the frozen resultant water and terpene vapor

mixture 15 being thawed.

19. The method of exiracting terpenes from plant biomass as set forth in claim
15, further comprising condensing the resultant water and terpene vapor mixture via said

at least one cold trap prior to said freezing step.

20. The method of exiracting terpenes from plant biomass as set forth in claim

15, further comprising thawing the frozen resultant water and terpene vapor mixture.

21. The method of extracting terpenes from plant biomass as set forth in clann
15, wherein the method lacks the use of a solvent amid said heating, stirring, and

applying the vacuum steps.

22. A terpene extraction system, comprising:

a reactor assembly having a housing, at least one paddie, and a motor, said
housing recerving plant biomass, said housing having a first wall and a second wall that
establish a through-passage, said at least one paddle stirring the received plant biomass,
said motor driving movement of said at least one paddle;

a heater heating flud;

a pump moving the heated fluid through said through-passage of said housing;

a vacuum pump reducing a pressure within said housing; and

at least one cold trap receiving resufiant water and terpene vapor mixture from

said reactor assembly.

23. A terpene extraction system, comprising:

_9% -
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a reactor assembiy having a housing and at least one paddle, said housing
recetving plant biomass and said at least one paddle stirning the received plant biomass;

a first set of cold traps situated downstream of said reactor assembly, said first
set of cold traps comprising a first primary cold trap and a first secondary cold trap, said
first primary and secondary cold traps exhibiting a series arrangement relative to each
other; and

a second set of cold traps exhibiting a paraliel arrangement with respect to
said first set of cold traps, said second set of cold traps comprising a second primary cold
trap and a second secondary cold trap, said second primary and secondary cold traps

exhibiting a series arrangement relative to each other,
24. The terpene extraction system as set forth in clamm 23, further comprising

a vacuum pump and a heater, said vacuum pump being in communication with an interior

of satd housing, and said heater increasing the temperature of said interior.

.29 .



PCT/US2022/015273

WO 2022/170065

1122

FIG. 1

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065 PCT/US2022/015273
2/22
© T
; ‘;
:% ¥ L ——
1D

S
\
/
4

82

FIG. 2

/

54

30

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065 PCT/US2022/015273

3/22

30 V(i |
2 o
5‘( n | °
TN [ 14
= T | Joo oo || | % )
: °°Woo E/
a1l =1 °
s 146
12— )
N\ |
ST W Tid b 4 (S hs
) =<5 U
[ %
@@ ©
) ]
4 | 4 F&2 |
=Gy 5 2 =4

FIG. 3

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065 PCT/US2022/015273

4/22
10
_ _— \"ql\ L A)
14 16 \ \ ;:

g [/ ( 8<'.=‘ 5 —~{ ]
’ll = [l L} 1o
82/ > / Jk /ﬂ] |
iR TH]E H

hd 0d¥ oF ov |
M f_:’( pr:) '; 0 n
5 \— | ][ 104
o |
m 5 \
[ = § T () = 1=
]J _ __|
E U 75 O & 2{3 E

FIG. 4

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065 PCT/US2022/015273

5/22

U ) (f \ LIZ_I
o ()]
_
30 ofE
2 il

12 G )

[l il N

[ 0 38 | oo 728 Sgptt of
I ] Il T |
241'\_/ ”J/‘4Oé

AN R
3 |
# % a0| || |12 @ 146
1905 V) &
i
.= F j_|

/

©)
P
(o)

G

o
()

I

) H ./
¢ i e, = v |
I ;imm N A _ bl
] - - — — O
J_ )| 42,36 2%
| °o o
AT 000 00@ ©
J 0
j 059 ]
16 ] [] ] N
B B 7 oy

FIG. 5

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065

6/22

PCT/US2022/015273

TT 1 |r -I T [
{11111 i | {1111
.

SUBSTITUTE SHEET (RULE 26)




PCT/US2022/015273

WO 2022/170065

1122

30

()
U,

INTZ_ 17

N

Q h““b H.

@

FIG. 7

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065 PCT/US2022/015273

8/13

O

FIG. 9

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065 PCT/US2022/015273

9/13

FIG. 11

v Ui

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065 PCT/US2022/015273

/-82

LD

—102

100

V1%

. 30

FIG. 13

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065 PCT/US2022/015273

M4

FIG. 15

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065 PCT/US2022/015273

12/22
118 128
—_—
D —
84
o W,
/ S ©
122\\ ~ “TN_149 /
( ~_ 114
L 136
136 ( @
ol g A
140 TN 136
130~
29 116
N \
24— 140
136\/( 136

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/015273

WO 2022/170065

13/22

Ll

06

Old

QION310S

\#

P

INT

GV
=

BN
G 31dNOIOWYIHL

G 37dN0DONIHL -
¢sl 1 T1dN0ODONYIHL -

06l

diind
WNNJVA

-

v
dvdil @103
AYVYONOD3S

—|

L IATYA
VA

NNL 06l ™~

—

#
AION310S
INT

¢ INTVA
VA

EHILV3H-

A=

€ I1dNOJ0NY3HL

7=
=
=<C

06l

\J

E%

L/

| 831dN000NYIHL -
6 31dNOJOWAIHL

NS ~——

N 0} 3TdNOJOWIHL

L}

q
dvi1 @103
AYVANOD3S

—

5

Gl

GY3LV3H-

7 31dNOJ0NY3HL

N -

< HALYaH tL
eAY N >Q \lﬁ
|
< @N . (]
dvdL 070 / W H—_I—m
AR 8 / PN
% - I “
3 = |
= m
g = 5
= e~ 7
= 8 QIONT0S /"2
_‘o<> \\/ ~ NZ
7Y
| \ LN
g
dviL @100 | V) f
AV 08 Y ¥3TIHO
7100 NOISHINNI
L— ¢
3 5 8 TIHO YOl
S =2 7100 NOISYINNI
O
2 57l ) ™
- 70l 0

oD | |
£2 N £ VA

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/015273

WO 2022/170065

14/22

FIG. 18

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065

[«

PCT/US2022/015273
15/22

B, ./ o
- R \

T LL

(@l

| 151
7 g | e 3
7 —r
d s | ) 4

D) ¢

r—20

194

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065 PCT/US2022/015273

16/22

176

12

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065 PCT/US2022/015273

10

162

[AN|

FIG. 21

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065

(&2
.

162

PCT/US2022/015273
18/22
18
I ‘)
24
\) iH i
I H
3]
Lo

agt

156

)Y

FIG. 22

SUBSTITUTE SHEET (RULE 26)




WO 2022/170065 PCT/US2022/015273

19/22

12
/\/ 162
(IR f~
= S 1]
”[ E Al
160 ~_ 54
__ r\:D
fe =l o
=iz = ——
e p D =il
=ot 3 = |
dlp 2 E
30 160 A
) =
24
162

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065 PCT/US2022/015273

20/22

. 0l _9 -
e e = 4| N S A O
\ ..ﬂ. AN \\\VS\\ AN | ]@ ~w|-| y

L=d—

170 v""') Il 174

=04 G e
17

38 \/,/‘\ 2
36T N\ 58
172
40— 2
)

34\/\ '“ﬁ Z ‘/ N T T
AN N AN N N N

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065 PCT/US2022/015273

| 176
N~ 190 190
17_-190 219

184
( 188
)

| (i
. be
185 192 198~ 178

FIG. 25 — /)

190"
—— ‘g
190
L igg

SUBSTITUTE SHEET (RULE 26)



WO 2022/170065

[0 &%772777777577775 o ™\_ 188
214 |
180 1 \_180
7 ~_178
7 212 204
206" L~ 198
182
I 200

204

180

FIG. 29

PCT/US2022/015273

212

200

182

216

SUBSTITUTE SHEET (RULE 26)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US 22/15273

A. CLASSIFICATION OF SUBJECT MATTER
IPC-  BO1D 11/00; BO1D 11/02; C11B 1/00; C11B 1/10; C11B 13/00; C11B 9/02 (2022.01)
CPC - BO01D 11/0207; BO1D 11/0215; C11B 1/10; C11B 3/006; A23L 33/105; CO7C 2601/16; C11B

9/025; C11B 9/027

According to Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2019/0151771 A1 (NATURAL EXTRACTION SYSTEMS, LLC) 23 May 2019 (23.05.2019) | 1-4,6-9, 11-13, 23, 24
- entire document; especially Fig. 1. Fig. 3, Fig. 7; para [0065]-[0071], para [0097]-[0104)

Y : 5,10, 14-22

Y US 2020/0079751 A1 (WORLD CLASS EXTRACTIONS, INC.) 12 March 2020 (12.03.2020) 5,22
entire document; especially para [0065)-[0066]; para [0130]

Y US 10,717,056 B1 (GOKAY. et al.) 21 July 2020 (21.07.2020) entire document; especially Fig. |10
13; col 16, In 1-10

Y US 2013/0240347 A1 (ETATE OF ORCCON ACTING BY AMD TIHROUGI | THL 3TATE 14-21
BOARD OF HIGHER EDUCATION ON BEHALF OF OREGON STATE UNIVERSITY) 19
September 2013 (19.09.2013) entire document; especially Fig. 5; para [0005], para [0034]

Y WO 2020/252593 A1 (HEXO OPERATIONS INC.) 24 December 2020 (24.12.2020) entire 17.18
document; espacially para [0005]-{0007], para [0397)

Y US 2017/0145445 A1 (BUTAMAX ADVANCED BIOFUELS LLC) 25 May 2017 (25.05.2017) 18
entire document; especially para {0070], para [0302]

D Further documents are listed in the continuation of Box C.

L__l See patent family annex.

. Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D”  document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified)

“Q" documentreferring toan oral disclosure, use, exhibition or other means

“P"  document published prior to the international filing date but later than

the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot

be considered to involve an inventive step when the document is

combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

13 April 2022

Date ot mailing of the international search report

WAY 13202

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer :
Kari Rodriquez Y

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet} (July 2019)




