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PROCESS AND SYSTEM FOR MEASURING POLYMER PELLETS FLOW RATE

TECHNICAL FIELD
[0001] The present disclosure relates to the flow of polymer pellets from an extruder and
through a transfer line.
BACKGROUND
[0002] Polymerization processes produce polymer product, often referred to as “polymer

fluft”, which 1n many cases can be subsequently further processed in an extruder to produce
polymer pellets. Components fed to the extruder may include the polymer fluft and optional
additives which are added to the polymer fluft to impart desired characteristics (e.g., certain
mechanical, physical, and melt properties) to the extruded polymer pellets. The extruder, also
equivalently known as a pelletizer, can convey, heat, melt, and cut the extruder feed, and the
molten polymer mixture can be extruded (e.g., via a twin screw extruder) through a pelietizing
die under select pressure to form the polymer pellets. The extruded polymer pellets are typically

cooled {e.g., in air or water) at or near the discharge region of the extruder.

[0003] The extruded polymer peliets may then be transported to a product load-out area
for further processing comprising storing, blending with other pellets, and/or loading into
railcars, trucks, bags, supersacks, or other containers for distribution to customers. In pellet
transport systems which utilize transfer lines to move the pellets from the extruder to the load-
out area, knowing the flow rate of the polymer pellets in the transfer line is desirable. The prior
art suffers from the limitations of incomplete or inaccurate knowledge of the rate from the
extruder, which s used to determine the appropriate amount of stabilizer or other additive to feed
to the extruder. The inventions described in the present disclosure are an improvement over the

prior art.
BRIEF SUMMARY

[0004] Disclosed herein is a process comprising flowing a carrier fluid through a transfer
line, feeding polymer pellets into the transfer line at a feed location, measuring a first pressure
value of the carrier fluid at a location in the transfer line upstream of the feed location, measuring
a second pressure value of the carrier fluid and polymer peliets at a downstream location in the

transfer line which 1s downstream of the feed location, and determining a mass flow rate of the
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polymer pellets flowing in the transfer line based on a differential pressure between the first

pressure value and the second pressure value.

[0005] Further disclosed herein is a system comprising a transfer line, a carrier fluid
source positioned at a first location of the transfer line, the carrier fluid source to provide a
carrier fluid in the transfer line, a polymer pellet source, the transfer line configured to receive
polymer pellets from the polymer pellet source at a second location of the transfer line, the
second location being downstream of the first location, a first pressure sensor positioned at a
third location of the transfer line, the first pressure sensor to measure a first pressure value of the
carrier fluid in the transfer line at the third location, the third location being between the first
focation and the second location, a second pressure sensor positioned at a fourth location of the
transfer line, the second pressure sensor to measure a second pressure value of the carrier fluid
containing the polymer peliets in the transfer line at the fourth location, the fourth location being
downstream of the second location, and a computer system coupled to the first pressure sensor
and the second pressure sensor, the computer system configured to determining a mass flow rate
of the polymer pellets flowing in the transfer line based on a differential pressure between the

first pressure value and the second pressure value.

[0006] Also disclosed herein is a process comprising providing a carrier fluid to a
transfer line at a first location, receiving, from a polymer pellet source, polymer pellets into the
transfer line at a second location, the second location being downstream of the first location,
measuring a first pressure value of the carrier fluid in the transfer line at a third location, the third
location being between the first location and the second location, measuring a second pressure
value of the carrier fluid and polymer pellets in the transfer line at a fourth location, the fourth
location being dowunstream of the second location, and determining a mass flow rate of the
polymer pellets flowing in the transfer line based on a differential pressure between the first

pressure value and the second pressure value.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] For a detailed description, reference will now be made to the accompanying

drawings in which:

[0008] Figure 1 is a schematic illustration of the disclosed system.
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DETAILED DESCRIPTION

[0009] The Figures described above and the written description of specific structures and
functions below are not presented to limit the scope of what Applicants have invented or the
scope of the appended claims. Rather, the Figures and written description are provided to teach
any person skilled in the art to make and use the inventions for which patent protection is sought.
Those skilled in the art will appreciate that not all features of a commercial embodiment of the
inventions are described or shown for the sake of clarity and understanding. Persons of skill in
this art will also appreciate that the development of an actual commercial embodiment
incorporating aspects of the present inventions will require numerous implementation-specific
decisions to achieve the developer’s ultimate goal for the commercial embodiment. Such
implementation-specific decisions may include, and likely are not limited to, compliance with
system-related, business-related, government-related and other constraints, which may vary by
specific implementation, location and from time to time. While a developer’s efforts might be
complex and time-consuming in an absolute sense, such efforts would be, nevertheless, a routine
undertaking for those of skill in this art having benefit of this disclosure. It must be understood
that the inventions disclosed and taught herein are susceptible to numerous and various
modifications and alternative forms. Lastly, the use of a singular term, such as, but not limited
to, “a,” 1s not intended as limiting of the number of items. Also, the use of relational terms, such
as, but not limited to, “top,” “bottom,” “left,” “right,” “upper,” “lower,” “down,” “up,” “side,”
and the like are used in the written description for clarity in specific reference to the Figures and

are not intended to limit the scope of the invention or the appended claims.

[0010] Described herein are systems and processes for determining a mass flow rate, a
volume flow rate, or both mass and volume flow rates of polymer pellets flowing in a transfer
line based on a differential pressure measured between two locations in the transfer line. The
two locations are generally located in the transfer line before and after polymer pellets are picked
up and transported by a carrier fluid to a conveying velocity. The differential pressure is used to
determine the extrusion mass flow rate, which can be used to control the flow of one or more
additives to an extruder, direct the flow of polymer pellets to or away from a container, and
determine the mass flow rate, volume flow rate, or both mass and volume flow rates of polymer

pellets transferred to a container.
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[0011] Turning now to the figures, FIG. 1 generally illustrates a system 100 which
includes a polymer pellet source 110, a carrier fluid source 120, a container 140, a transfer line
130 connecting the carrier fluid source 120 and the container 140, and a computer system 150
which is connected to a first pressure sensor 132 of the transfer line 130, to a second pressure
sensor 134 of the transfer line 130, and to an optional flow sensor 136 of the transfer line 130.
The computer system 150 can also be connected to additive equipment 118 and a load cell 142
for the container 140. The transfer line 130 1s also connected to the polymer pellet source 110

via extruded pellet line 116.

[0012] The polymer pellet source 110 can be any source of polymer pellets. For
example, the polymer pellet source 110 can be any extruder which transforms polymer product
{e.g., polymer fluff or polymer powder) into polymer pellets. The polymer product can be
received from, for example, a flash tank, a degassing vessel, or fluff storage tank of a
polymerization process which produces the polymer product by polymerizing a monomer {e.g.,
ethylene, propylene, styrene) according to techniques known in the art. The polymer product can
feed to the polymer pellet source 110 by way of polymer product line 112, In aspects where the
polymer pellet source 110 is an extruder (also referred to as a pelletizer), additive line 114 can be
optionally used for mixing one or more additives with the polymer product fed to the polymer
peliet source 110. Additive(s) can feed into the extruder continuously, periodically, or both
continuously and periodically via additive line 114 using additive equipment 118 {e.g., a control
valve connected to the computer system 150 via control line 158). The extruder can heat and
melt the polymer product and the molten polymer with the additive(s) to for a molten polymer
mixture. The mixture can be extruded (e.g., via a twin screw extruder or similar extruder)
through a pelletizing die under appropriate extrusion pressure to form the extruded polymer
pellets. In the polymer pellet source 110, the extruded polymer pellets can be cooled {e.g., in air

or water) before flowing from the polymer pellet source 110 via extruded pellet line 116

[0013] For purposes of this disclosure, the term “pellet” means any discrete unit or
portion of a given material, having any shape or configuration, whether regular or irregular.
Thus, the term “pellet” may encompass particles, droplets, pieces, portions, or pastilles of a
given material. By the term “polymer” is meant a compound or mixture of compounds

consisting primarily of repeating structural units called monomers, and 15 meant to include a
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prepolymer or an oligomer, that is, a polymer having a low molecular weight or a polymer
intended as a feedstock for a higher molecular weight polymer. The polymer may also include

additives and other processing agents as described in further detail herein.

[0014] The polymer product can be made of any polymer including low density
polyethylene (LDPE), linear low density polyethylene (LLDPE}, medium density polyethylene
(MDPE), high density polyethylene (HDPE), and copolymers thereof.

[0015] The one or more additives can be any additive for producing polymer peliets
known in the art. Nonlimiting examples of additives include surface modifiers, slip agents (such
as oleamide, erucamide, stearamide, behenamide, oleyl palmitamide, stearyl erucamide, ethylene
bis-oleamide, N,N'-Ethylene Bis(Stearamide) (EBS), including most grades of their respective
refinement), antiblocks/anti-block agents (also called “antitack” agents) such as diatomaceous
earth, tackifiers, dispersing agents, antioxidants, nucleating agents, pigments, dyes and colorants,
including TiO,, processing aids such as elastomers, waxes, oils, fluorcelastomers, antistats/anti-
static agents, scavengers, odor enhancers, degradation agents, uvltraviolet stabilizers, heat
stabilizers, viscosity enhancers, plasticizers, delustrants, flame retardants such as antimony
oxide, fillers and extenders such as alumina, silica, clays, and calcium carbonate, surfactants,
lubricants such as talc, glass fibers, blowing agents, and combinations thereof. Any additive can
be fed to the polymer pellet source 110 (such as an extruder) at a mass flow rate such that the
amount of the additive is from about 0.0001 wt.% to about 99 wt.% relative to a mass flow rate

of polymer product fed to the polymer pellet source 110 through polymer product line 112

[0016] The transfer line 130 is fluidly connected to both the polymer pellet source 110
and the carrier fluid source 120. The transfer line 130 can be a pipe, tube, conduit, or other
structure known in the art with the aid of this disclosure for fluid-flow assisted transfer of
polymer pellets (e.g., pneumatic transfer). In certain aspects of the disclosure, an exemplary
diameter of the transfer line 130 can be in the range from about 15.2 cm (6 inches) to about 40.6
cm (16 inches). Pressures in the transfer line 130 can be, for example, less than about 15 psig

(less than about 103 .4 kPa).
[0017] FIG. 1 illustrates the carrier fluid source 120 positioned at a first location 160 of
the transfer line 130, In FIG. 1, the transfer line 130 is connected to extruded pellet line 116 of

the polymer pellet source 110 at a second location 162 {e.g., a feed location 162) of the transfer
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line 130. The first location 160 and the second location 162 are spaced apart from each other,
such that first location 160 is upstream of the second location 162. The transfer line 130 is
configured to receive the polymer pellets from the polymer pellet source 110 at the second
focation 162 of the transfer line 130, The second location 162 of the transfer line 130 (e g.,

where the polymer pellets are received from the polymer pellet source 110) is downstream of the

first location 160 in the transter line 130 (e.g., where the carrier fluid source 120 is positioned).

[0018] The transfer line 130 can have a first pressure sensor 132 positioned at a third
location 164 in the transfer line 130 and a second pressure sensor 134 positioned at a fourth
location 166 1n the transfer line 130, The third location 164 is a location which is upstream of
the second location 162 (e.g., feed location 162) of the transfer line 130. The third location 164
can also be characterized as being between the first location 160 and the second location 162.
The fourth location 166 is a location which is downstream of the second location 162 (e.g,, the
feed location) of the transfer line 130. The fourth location 166 can also be characterized as being
downstream of each of the first location 160, the second location 162, and the third location 164,
In accordance with aspects of the present invention, the distance between the second location
162 (e.g., the feed location) and the fourth location 166 (e.g., the downstream location) in the
transfer line 130 can be from about 0.5 meter (1.6 ft) to about 15 meters (49.2 ft); alternatively,
from about 0.5 meter (1.6 1) to about 10 meters (32.8 1), alternatively, from about 1 meter (3.28
ft) to about 15 meters (49.2 ft); alternatively, from about 3 meters (9.8 fi) to about 6 meters (19.7

f1); alternatively, from about 2 meters (6.6 1) to about 5 meters (16.4 ft).

[0019] The first pressure sensor 132 1s configured to measure a first pressure value of the
carrier fluid (absent polymer pellets) in the transfer line 130 at the third location 164. The
second pressure sensor 134 is configured to measure a second pressure value of the carrier fluid
containing the polymer pellets in the transfer line 130 at the fourth location 166. The first
pressure sensor 132, the second pressure sensor 134, or both the first and second pressure sensors
132 and 134 can include any pressure sensor of any type (e.g., electronic, pneumatic,
mechanical, or combinations thereof) which can detect and measure pressure in the transfer line
130. The first pressure sensor 132, the second pressure sensor 134, or both the first and second
pressure sensors 132 and 134 include any instrument that measures the upstream and

downstream pressure simultaneously and transmits a signal that is proportional to the differential
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pressure. A nonlimiting example is the Foxboro® IDP10 Electronic Differential Pressure
Transmitter {available from Foxboro Eckardt GmbH, Stuttgart, Germany), which measures the
difference between two pressures applied to opposite sides of a silicon strain gauge microsensor

within the sensor assembly.

[0020] The first pressure sensor 132 can be positioned in the transfer line 130 to detect
the pressure at the third location 164 which is a location between the carrier fluid source 120 and
the second location 162, 1.e., the feed location where the transfer line 130 receives the extruded
polymer pellets. The first pressure sensor 132 can be positioned as close to the second location
162 as practicable. For example, the first pressure sensor 132 is positioned equal to or less than
about 6, 5, 4,3, 2, 1, or 0.5 feet upstream from the second location 162. Without being limited by
theory, the portion of the transter line 130 between the carrier fluid source 120 and the second
location 162 {e.g., the feed location where polymer pellets are received) may have a pressure
drop along the length thereof, thus, positioning the first pressure sensor 132 as close to the
second location 162 as practicable minimizes the incorporation of any pressure drop in the
transfer line 130 which is not associated with pickup of the polymer pellets, into the differential
pressure which is used to calculate the mass flow rate of the polymer pellets. Additionally or
alternatively, the differential pressure can be corrected to account for any pressure drop not
associated with pickup of the polymer pellets in the transter line 130, and the third location 164
where the first pressure sensor 132 is positioned in the transfer line 130 may be at any point in
the transfer line 130 which is between the first focation 130 of the carrier thuid source 120 and
the second location 162 (e.g., the feed location). The correction of the differential pressure may
include 1) use of additional pressure sensors to detect pressure drops not associated with the
polymer pellet pickup, and 1) subtraction of any non-associated pressure drops from the

differential pressure used to calculate/determine the mass flow rate of the polymer pellets.

[0021] The second pressure sensor 134 can be positioned in the transfer ine 130 to detect
the pressure at the fourth location 166 which is a location downstream of the second location 162
(e.g., the location where polymer pellets are received in the transfer line 130). The location 166
of the second pressure sensor 134 is far enough from the second location 162 so that the polymer
pellets in the carrier fluid reach a conveying velocity. For example, the distance between the

second location 162 and the fourth location 166 (the location of the second pressure sensor 134)



WO 2017/189328 PCT/US2017/028608

can range from about 0.5 meter (1.6 1) to about 1S meters (49.2 1), alternatively, from about 0.5
meter (1.6 fI) to about 10 meters (32.8 ft); alternatively, from about 1 meter (3.28 ft) to about 15
meters (492 fi); alternatively, from about 3 meters (9.8 1) to about 6 meters (197 fi);
alternatively, from about 2 meters (6.6 ft) to about 5 meters (16,4 ft). Distances shorter than
those disclosed herein may not allow for appreciable acceleration of the pellets so as to cause a
reliable differential pressure. Distances larger than those disclosed herein introduce frictional
loss in the pressure differential signal as a result of drag by the conveying gas and by the

conveyed pellets.

[0022] The carrier fluid source 120 18 configured in the system 100 to provide a carrier
fluid flowing in the transfer line 130. The carrier fluid can be any fluid known in the art for
transporting polymer pellets in a transfer line. Nonlimiting examples of carrier fluids include
gases such as nitrogen and a combination of oxygen and nitrogen (e.g., air}; liquids such as water
or a volatile organic liguid (such as an alcohol, including but not limited to ethanol, propanol,
isopropanol, butanol, and mixtures thereof, and hydrocarbons having from 2 to 20 carbon atoms
and/or a boiling point up to about 360 °C), and combinations thereof, and combinations of one or
more gas and one or more liquid. When the carrier fluid includes water, or an organic liquid, the
carrier fluid source 120 may be a pump, such as a variable speed displacement pump or similar
pressure displacing device. When the carrier fluid includes a gas, the carrier fluid source 120
may be a pressurized source of the gas {e.g., at a pressure higher than the pressure of the transfer
fine 130) or equipment known 1n the art which imparts movement to a gas at a desired pressure
(e.g., a fan, blower, or compressor). In aspects in which the carrier fluid includes both gas and
liquid, the carrier fluid source 120 can be any equipment or combination of equipment known in

the art which imparts movement to liquid and gas at a desired pressure in the transter line 130.

[0023] In accordance with aspects of the present disclosure, the carrier fluid source 120
provides the carrier fluid (e.g., a gas such as nitrogen or air) in the transfer line 130 such that a
pickup velocity of the carrier fluid at the second location 162 in the transfer line 130 is from
about 10 m/s (32.8 fi/s) to about 40 m/s (131.2 ft/s). The pickup velocity is the linear velocity of
the carrier fluid in the transfer line 130 just before contact with the polymer pellets at the second

focation 162 in the transfer line 130.
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[0024] Once the carrier fluid contacts (e.g., picks up) the polymer pellets at the second
location 102, the polymer pellets are accelerated to a conveying velocity. The conveying
velocity is reached at a point in the transfer line 130 between the second location 162 and the
fourth location 166. In accordance with the present disclosure, the conveying velocity is from
about 10 m/s (32.8 fi/s} to about 40 m/s (131.2 f/s), and the distance between the second location
162 and the fourth location 166 ranges from about 0.5 meter (1.6 i) to about 15 meters (492 f1);
alternatively, from about 0.5 meter (1.6 1) to about 10 meters (32.8 f1); alternatively, from about
1 meter (3.28 f1) to about 15 meters (49.2 ft); alternatively, from about 3 meters (9.8 ft) to about
6 meters {19.7 ft); alternatively, from about 2 meters (6.6 ft) to about 5 meters (16.4 ft}. The
conveyance of the polymer pellets by the carrier fluid can be referred to as pneumatic conveying
in a dilute phase mode, which involves suspension of the polymer pellets in the carrier fluid
during transfer through the transfer line 130. The conveying velocity of the polymer pellets is
greater than the saltation velocity (e.g., the velocity at which the polymer pellets fall out of
suspension in a horizontal section of the transfer line 130}, the choking velocity (e.g., the
minimum gas velocity required to maintain the polymer pellets in the dilute-phase mode in a

vertical section of the transfer line 130), or both the saltation velocity and the choking velocity.

[0025] The system 100 can optionally include a flow sensor 136, The flow sensor 136,
when included, 1s positioned in the transfer line 130 to measure the flow rate (e.g., volumetric or
mass flow rate) of the carrier fluid before the carrier fluid contacts the polymer pellets (before
pickup). The flow sensor 136 is positioned in the transfer line 130 at a location 168 which is
upstream of the second location 162. Without being limited by theory, the flow of the carrier
fluid upstream of the second location 162 is believed to be substantially constant; thus, the flow
sensor 136 can be positioned at any point of the transfer line 130 which 1s between the first
location 160 and the second location 162, In accordance with aspects of the present disclosure,
the flow sensor 136 is positioned equal to or less than about 10,9, 8,7,6, 5,4, 3,2, 1, or 0.5 feet
upstream from the second location 162. The flow sensor 136 may be of any type known in the
art {e.g., electronic, pneumatic, mechanical, or combinations thereot) which can rmeasure the
flow of gas, liquid, or a mixture of gas and liquid in the transfer line 130. The flow sensor 136
includes any instrument which can detect the flow, convert the flow to a signal, and transmit the
signal, e.g, to the computer system 150. The flow rate value of the carrier fluid measured in the

transfer line 130 can be temperature and pressure compensated to account for differences in
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temperature and pressure which depend, for example, on the time of year and the environmental
conditions present at the time. In an aspect of the disclosure, the flow sensor 136 is used to

determine the pickup velocity of the carrier fluid in the transfer line 130,

[0026] The system 100 can also include a container 140 which receives the polymer
peliets from the transfer line 130. Nonlimiting examples which can embody the container
include railcars, trucks, bags, supersacks, totes, or other containers which are used to distribute
the polymer pellets to customers or to other equipment for further processing (e.g., product
molding such as into bottles, film, caps, buckets, toys, or car parts). The polymer pellets flow
into the container 140 from the transfer line 130, and the carrier fluid either drains from the
container (e.g., in aspects where the carrier fluid includes a liquid) or escapes to the atmosphere
or through a flare system, or is exited through a vent (e.g., in aspects where the carrier flnd

includes a gas).

[0027] With continued reference to the figure, FIG. 1 illustrates that the system 100
includes a computer system 150. The computer system 150 is operably coupled to the first
pressure sensor 132 via communication line 152, the second pressure sensor 134 via
communication line 154, the flow sensor 136 wvia communication line 156, the additive
equipment 118 via communication line 158, a load cell 142 via communication line 159, or
combinations thereof. The communication lines can include but are not limited to equipment
configured for wireless communication, cellular communication, Bluetooth communication,
LAN communication, WAN communication, Ethernet communication, Internet communication,

wired communication, pneumatic communication, or combinations thereof.

[0028] The computer system 150 can include at least one processor, at least one memory,
and instructions stored on the memory which cause the computer system 150 to perform any of
the functions disclosed herein. Nonhlimiting examples of the computer system 150 include at
least one desktop computer, at least laptop computer, at least one mobile device, at least one

controller device, at least one server, or combinations thereof.

[0029] The computer system 150 can be configured to perform one or more of the
following: (1) determine the mass flow rate of the polymer pellets flowing in the transfer line
130, (it) record the mass flow rate of the polymer peliets which flow to the container 140 during

a loading time, (iit) receive a signal regarding a mass of polymer in the container, and optionally
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further process the signal (e g, compare the signal to a threshold level to determine that the
container 140 is below or at a threshold level of polymer pellets), (iv) determine a total mass or
total volume of the polymer pellets in the container 140 based on the mass tlow rate of the
polymer pellets recorded during the loading time, (v} divert a flow of the polymer pellets away
from the container 140, (vi) determine an amount of one or more additives to feed to the polymer
pellet source 110 based on the mass flow rate of the polymer pellets in the transfer line 130, (vii)
control a flow of the one or more additives fed to the polymer pellet source 110, and/or (viii}

combinations thereof

[0030] The mass flow rate of the polymer pellets flowing in the transfer line 130 of the
system 100 can be determined based on the differential pressure between a first pressure value
measured by the first pressure sensor 132 and a second pressure value measured by the second
pressure sensor 134. The mass flow rate of the polymer pellets can be determined using
Equation 1:
S = (Fg*P/(P-dP) - (Fg*(P/(P-dP))) - (4* A™*dP *g,/d.)) )*(ds/2) ()

where:

S s the mass flow rate of the polymer pellets in units of Iby/s or kg/s,

Fg is the volumetric flow rate of the carrier fluid in units of ft'/s or m’/s,

P is the pressure value in the transfer line 130 before pickup of the pellets in units
of psig or Pa (N/m"),

dP is the differential pressure in the transfer line 130 before and after pellet
pickup in units of psi or Pa (N/m”"),

A is the cross sectional area of the transfer line 130 in units of ft* or m”,

g. is the gravitational constant in units of [bg*ft/lbg/s” or N*m/kg’,

d, is the density of the polymer pellets in units of [by/f’ or kg/m”.
The volumetric flow rate, Fg, can be measured by the flow sensor 136. The pressure value in the
transfer line 130 before pellet pickup, P, can be measured by the first pressure sensor 132. The
differential pressure, dP, can be determined by measuring the pressure value in the transfer line
130 after pellet pickup with the second pressure sensor 134, and by subtracting the pressure
value after peliet pickup (the second pressure value) from the pressure value before peilet pickup
(the first pressure value). The cross sectional area of the transfer line 130 is calculated based on

) ~ . ) . . . .
the known formula for area of a circle, A = n*R”, where R is the radius of the transfer line 130.
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The gravitational constant, g, is 32.174 by, *ft/lbe/s or 6.674x107" N*m?/kg”. The density of the
polymer pellets, d;, can be obtained from standard testing procedures, for example, ASTM D792
or ISO 1183,

[0031] Alternatively, correlations can be developed to determine the mass flow rate of
the polymer pellets in the transfer line 130. For example, the mass flow rate of polymer peliets
into the transfer line is measured by a pellet flow meter between the polymer pellet source 110
and the transter line 130 or by a polymer fluff flow meter located upstream of the polymer pellet
source 110 {(e.g., positioned in polymer product line 112), and experiments can be performed to
measure the differential pressure created by various mass flow rates for a given polymer product.
The collection of differential pressures can be correlated versus mass flow rate of the polymer
pellets, polymer fluff, or both the polymer pellets and polymer fluff, and the correlation can be
used (e.g, by the computer system 150) to determine the mass flow rate when differential
pressure 1s measured. For example, the correlations can be used by the computer system 150 in
the system 100 of FIG. 1 which has no polymer pellet flow meter or polymer fluff flow meter;
alternatively, the correlations can be used in a peliet transfer system which has one or both of
such flow meters and uses differential pressure in the transfer line to confirm the mass flow rate
of polymer pellets and /or to provide a mass balance versus the polymer product received by the

polymer pellet source 110,

[0032] The mass flow rate of the polymer pellets in the transfer line 130 may be recorded
by the computer system 150 in any manner known in the art for storing information and data.
For example, the computer system 150 may store or record the mass flow rate data in one or
more of the memory and in a datastore operably coupled with the computer system 150 via a
secure cloud storage system. The mass flow rate can be recorded continuously, periodically, or
both continyously and periedically during a loading time of the polymer pellets. The loading
time can be an interval of time during which the polymer pellets are transferring into the

container 140,

[0033] A signal can be received by the computer system 150 via communication line
159. The signal can be generated by equipment such as a load cell 142 which measures the total
mass of the container 140 and any contents therein. For example, the load cell 142 can measure

the mass of the container 140 before pellets are loaded into the container, and thereafter
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continuously or periodically or both periodically and continuously during transfer of polymer
pellets into the container 140. The signal generated by the load cell 142 and received by the
computer system 150 can indicate that the container 140 is at a threshold level of polymer
pellets. The threshold level can be a mass of polymer pellets in the container 140 which is a
proper mass for the container 140 (e.g., does not cause failure of the container 140, or is suitable

for freight shipping).

[0034] The computer system 150 can determine the total mass or total volume of the
polymer pellets in the container 140. For example, the mass or volume of the polymer pellets
can be calculated based on the mass flow rate of the polymer pellets recorded during the loading
time, which as described above, can be an interval of time during which the polymer pellets are
transferred into the container 140. The total mass 18 the multiple of the mass flow rate and the
interval of time. The total volume is the total mass times the density of the polymer peliets. The
computer system 150 can determine the total mass or total volume of polymer pellets in the
container 140 in response to receiving the signal via communication line 159. The computer can
compare the calculated value for mass or volume of polymer pellets to the value determined

based upon the signal generated by the load cell 142,

[0035] The computer system 150 can cause the flow of the polymer pellets to divert away
from the container 140. For example, the computer system 150 can control a valve (not shown)
in the transfer line 130 which redirects polymer pellet flow through ancther portion of the
transfer line 130 such that polymer pellets flow to another container when a first container has
reached a threshold level. In another example, the computer system 150 can cause a device to
move the transfer line 130 such that the outlet of the transfer line 130 is pointed to another
container. In yet another example, the computer system 150 can cause the container 140 to move
{e.g., a conveyor line) such that another container arrives at the outlet of the transfer line 130.
The computer system 150 can divert the flow of polymer pellets in response to receiving the

signal via communication line 159 from the load cell 142,

[0036] In further aspects of the disclosure, the computer system 150 can determine an
amount of one or more additives to feed to the polymer peliet source 110. The determination can
be based on the mass tflow rate of the polymer pellets calculated in the transfer line 130. For

example, if a particular additive 1s desired in an amount of 1 wt % relative to the mass flow rate
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of the polymer pellets in the transfer line 130, then the computer system 150 can determine a
mass flow rate of 100 Ib/s in the transfer line 130 indicates the additive should be fed to the

polymer pellet source 110 at a rate of 1 Ib/s (0.45 kg/s).

[0037] The computer system 150 can also control a flow of the one or more additives fed
to the polymer pellet source 110. For example, having calculated the mass fiow rate of polymer
pellets in the transfer line 130, the computer system 150 can cause the equipment 118 which
feeds any additive to the polymer pellet source 110 to adjust or maintain the flow rate of said
additive such that the amount of the additive fed to the polymer pellet source 110 is at the
determined amount. The amount of additive determined by the computer system 150 can be
from about 1 ppm to about 99 wt.% based on the mass flow rate calculated for the polymer

pellets flowing in the transfer line 130.

[0038] FIG. 1 can also be used to describe aspects of the disclosed processes. In the
disclosed processes, a carrier fluid (e.g., air} can flow through the transfer line 130 (e.g, the
carrier fluid being provided by the carrier fluid source 120 such as an aur blower at the first
focation 160 of the transfer line 130), polymer pellets (e.g., polyethylene) can feed into the
transfer line 130 at a feed location {e.g., the second location 162 described hereinabove, which is
downstream of the first location 160}, a first pressure value can be measured for the carrier fluid
at a location 164 in the transfer line 130 {e.g, the third location 164 as described herein) which is
upstream of the feed location 162, a second pressure value can be measured for the carrier fluid
containing the polymer pellets at a downstream location 166 {e.g, a fourth location 166 as
described herein} in the transfer line 130 which is downstream of the feed location (e.g., the
second location 162 as described herein), and a mass flow rate of the polymer peliets flowing in
the transfer line 130 can be determined based on a differential pressure between the first pressure
value and the second pressure value. In additional aspects of the processes, the polymer peliets
may flow from the transfer line 130 to the container 140, and the total mass or total volume of
the polymer pellets in the container can be determined based on the mass flow rate of the
polymer pellets recorded during a loading time of the container 140. In further aspects of the
processes, a flow of the polymer peliets can be diverted away from the container 140, where
determination of the total mass or total volume and diversion of the polymer pellets are

performed in response to one or more of a calculated determination and a signal that the
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container 140 is at a threshold level of polymer pellets. In some aspects, the processes can
include determining an amount of one or more additives to feed to the polymer pellet source 110
(e.g., an extruder) based on the determined mass flow rate of the polymer pellets in the transfer
line 130, and adjusting or maintaining a flow of the one or more additives to the polymer pellet
source 110 (e.g., based on the determined amount of the one or more additives to feed to the
polymer pellet source 110). Aspects of the processes can also include accelerating the polymer
pellets to a conveying velocity {e.g., from about 10 m/s (32.8 {t/s) to about 40 m/s (131.2 fi/s}))
between the second location 162 (e.g., feed location) and the fourth location 166 (e.g., the
downstream location) in the transfer line 130, Additionally, aspects of the processes described
herein can also include measuring a flow rate of the carrier fluid at a location 168 in the transfer

line 130 which is upstream of the second location 162 (e.g., the feed location).

[0039] The disclosed and described aspects can determine the mass flow rate of the
polymer pellets in the transfer line 130 without need for a mass flow device (e.g., a mechanical
peliet flow meter} in the system 100. Mass flow devices are expensive and typically add
elevation to the pellet drying system and screener of the polymer pellet source 110. Moreover,
positioning a mass flow device upstream of a pellet screener can introduce debris into the mass
flow device; thus, causing damage or problems with the operation of the mass flow device.
Utilizing the disclosed features and aspects eliminates the need for a mass flow device, saving on
capital expenditure for purchase and repair of said devices. Utilizing the disclosed features also
fowers the elevation of the pellet drying system and screener of the polymer pellet source 110
(e.g., by about 15 feet elevation), which reduces head pressure required in the pellet water
hydraulic loop (e.g., reduces needed operating power} and reduces capital cost, since a structure

for higher elevation of the polymer pellet source 110 1s not needed.

[0040] While the present disclosure has been illustrated and described in terms of
particular apparatus and methods of use, it is apparent that equivalent techniques, components
and constituents may be substituted for those shown, and other changes can be made within the

scope of the present disclosure as defined by the appended claims.
EXAMPLES

[0041] The subject matter having been generally described, the following examples are

included to demonstrate the practice and advantages thereof, as well as preferred aspects and
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features of the inventions. It should be appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques discovered by the inventors to
function well in the practice of the inventions, and thus can be considered to constitute preferred
modes for its practice. However, those of skill in the art should, in light of the present
disclosure, appreciate that many changes can be made in the specific aspects which are disclosed
and still obtain a like or sirsilar result without departing from the scope of the inventions of the
instant disclosure. It is understood that the examples are given by way of illustration and are

not intended to limit the specification of the claims to follow in any manner.

[0042]

peliets based on a differential pressure based on pressures before and after polymer pellet pickup

Examples 1 and 2 demonstrate the determination of a mass flow rate of polymer

in a transfer line, utilizing air as the carrier fluid in the transfer line. The mass flow rate of
polymer pellets in a transfer line for each of Example 1 and Example 2 was calculated using

Equation 1 above for both English and ST units.

[0043] The values for the parameters of Equation 1 in English units are shown in Table 1
below:
Table 1
Example 1 Example 2

Air Volumetric Flow Rate, Fg (ft'/s) 50.6 21.8

Pressure Before Pellet Pickup, P (psig) 11.000 10.500

Differential Pressure, dP (psi) 4113 1.478

Transfer Line Cross Sectional Area, A (ft)) 0.545 0.349

Gravitational Constant, g; (Iby*ft/lbe/s”) 32.174 32.174

Pellet Density, d, (Ib/ft)) 59.62 59.62
[0044] The values for the parameters of Equation 1 in SI units are shown in Table 2

below:
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Table 2

Example 1 FExample 2
Air Volumetric Flow Rate, Fg (m'/s) 1.43 0.617
Pressure Before Pellet Pickup, P (Pa) 75,842 72,395
Ditferential Pressure, dP (Pa) 28,358 16,190
Transfer Line Cross Sectional Area, A (m”) 0.0506 0.0324
Gravitational Constant, g, (N*m*/kg’) 6.674x107! 6.674x107!
Pellet Density, d, (kg/m’) 955 955

[0045] Substituting the values of Table 1 into Equation 1 yields the following values for

mass flow rate of polymer pellets in the transfer line:

Table 3

Exampie 1 Example 2
Mass Flow Rate, S (Ib/s) 333 11.2

[0046] Substituting the values of Table 2 into Equation 1 yields the following values for

mass flow rate of polymer pellets in the transfer line:

Table 4

Example 1 Example 2
Mass Flow Rate, S (kg/s) 15.1 5.1

[0047] Examples 1 and 2 thus demonstrate that mass flow rate of polymer pellets in a
transfer line can be calculated using a differential pressure in the transfer line 130, where the
differential pressure is the difference between a first pressure of the transfer line before pickup of

the polymer pellets and a second pressure of the transfer line after pickup of the polymer pellets.

[0048] The pickup velocity of the air for Example 1 was 92.8 {t/s (28.3 m/s). The pickup
velocity of the air for Example 2 was 62.5 ft/s (19.1 m/s). The conveying velocity of the air and
polymer pellets in the transfer line for Example 1 was 98.8 ft/s (30.1 m/s). The conveying

velocity of the air and polymer pellets in the transfer line for Example 2 was 64.9 /5 (19.8 nv/s).
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ADDITIONAL DISCLOSURE

[0049] Accordingly, the scope of protection is not limited by the description set out
above but is only limited by the claims which follow, that scope including all equivalents of the
subject matter of the claims. Each and every claim is incorporated into the specification as an
aspect of the present invention. Thus, the claims are a further description and are an addition to

the detailed description of the present invention.

[0050] Aspect 1 is a process comprising flowing a carrier fluid through a transfer line,
feeding polymer pellets into the transfer line at a feed location, measuring a first pressure value
of the carrier fluid at a location in the transfer line upstream of the feed location, measuring a
second pressure value of the carrier fluid and polymer pellets at a downstream location in the
transfer line which i1s downstream of the feed location, and determining a mass flow rate of the
polymer pellets flowing in the transfer line based on a differential pressure between the first

pressure value and the second pressure value.

[0051] Aspect 2 18 the process of Aspect 1, further comprising flowing the polymer
pellets from the transfer line to a container, and determining a total mass or a total volume of the
polymer pellets in the container based on the mass flow rate of the polymer pellets recorded

during a loading time of the container,

[0052] Aspect 3 is the process of any of the Aspects 1 to 2, further comprising diverting a
flow of the polymer pellets away from the container, wherein the step of diverting and the step of
determining a total mass or a total volume of the polymer pellets are performed in response to a

signal that the container is at a threshold level of polymer pellets.

[0053] Aspect 4 is the process of any of aspects 1 to 3, further comprising determining an
amount of one or more additives to feed to an extruder based on the mass flow rate of the
polymer pellets in the transfer line, wherein the extruder is a source of the pellets fed to the

transfer line, and adjusting a flow of the one or more additives to the extruder.

[0054] Aspect 5 is the process of aspect 4, where the one or more additives comprise
surface modifiers, slip agents, antiblocks, tackifiers, dispersing agents, antioxidants, nucleating
agents, pigments, dyes and colorants, processing aids, waxes, oils, flucroelastomers, antistats,

scavengers, odor enhancers, degradation agents, ultraviolet stabilizers, heat stabilizers, viscosity
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enhancers, plasticizers, delustrants, flame retardants, fillers and extenders, surfactants, lubricants,

glass fibers, blowing agents, or combinations thereof.

[0055] Aspect 6 is the process of any of aspects 1 to 5, wherein a pickup velocity of the

carrier fluid at the feed location is from about 10 m/s to about 40 m/s.

[0056] Aspect 7 is the process any of aspects 1 to 6, further comprising accelerating,
between the feed location and the downstream location in the transfer line, the polymer pellets to

a conveying velocity.

[0057] Aspect 8 is the process of aspect 7, wherein the conveying velocity is from about

10 m/s to about 40 m/s.

[0058] Aspect 9 is the process of any of aspects 1 to 8, wherein a distance between the

feed location and the downstream location 1s from about 1 meter to about 15 meters.

[0059] Aspect 10 is the process of any of aspects 1 to 9, wherein the carrier fluid

2

comprises nitrogen, a combination of oxygen and nitrogen, or water,

[0060] Aspect 11 is the process of any of aspects 1 to 10, further comprising measuring a

flow rate of the carrier fluid upstream of the feed location of the transfer line.

[0061] Aspect 12 1s a system comprising a transfer line, a carrier fluid source positioned
at a first location of the transfer line, the carrier fluid source to provide a carrier fluid in the
transfer line, a polymer pellet source, the transter line configured to receive polymer pellets from
the polymer pellet source at a second location of the transfer line, the second location being
downstream of the first location, a first pressure sensor positioned at a third location of the
transfer line, the first pressure sensor to measure a first pressure value of the carrier fluid in the
transfer line at the third location, the third location being between the first location and the
second location, a second pressure sensor positioned at a fourth location of the transfer line, the
second pressure sensor to measure a second pressure value of the carrier fluid containing the
polymer pellets in the transfer line at the fourth location, the fourth location being downstream of
the second location, and a computer system coupled to the first pressure sensor and the second
pressure sensor, the computer system configured to determining a mass flow rate of the polymer
pellets flowing in the transfer line based on a differential pressure between the first pressure

value and the second pressure value.
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[0062] Aspect 13 is the system of aspect 12, wherein the computer system is further
configured to record the mass flow rate of the polymer pellets to a container during a loading
time, receive a signal that the container is at a threshold level, and determine a total mass or a
total volume of the polymer pellets in the container based on the mass flow rate of the polymer

pellets recorded during the loading time.

[0063] Aspect 14 is the system of aspect 13, wherein the computer system is further
configured to divert a flow of the polymer pellets away from the container, wherein the computer
system determines a total mass or a total volume of the polymer pellets and diverts a flow in

response to receiving the signal.

[0064] Aspect 15 is the system of any of aspects 12 to 14, wherein the polymer peliet
source comprises an extruder, and wherein the computer system is further configured to
determine an amount of one or more additives to feed to the extruder based on the mass flow rate
of the polymer pellets in the transfer line, and control a flow of the one or more additives to the

extruder.

[0065] Aspect 16 is the system of any of aspects 12 to 15, wherein a pickup velocity of

the carrier fluid at the second location is from about 10 m/s to about 40 m/s.

[0066] Aspect 17 is the system of any of aspects 12 to 16, wherein the polymer peliets
are accelerated to a conveying velocity between the second location and the fourth location in the
transter line.

[0067] Aspect 18 is the system of aspect 17, wherein the conveying velocity 15 from

about 10 m/s to about 40 m/s.

[0068] Aspect 19 is the system of any of aspects 12 to 18, wherein a distance between the

second location and the fourth location is from about 1 meter to about 15 meters.

[0069] Aspect 20 is the system of any of aspects 12 to 19, wherein the carrier fluid
comprises, nitrogen, a combination of nitrogen and oxygen, or water,

[0070] Aspect 21 is the system of any of aspects 12 to 20, further comprising a flow
sensor to measure a flow rate of the carrier fluid upstream of the second location of the transfer

line, the tlow sensor being coupled to the computer system.
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[0071] Aspect 22 18 a process comprising providing a carrier fluid to a transfer line at a
first location, receiving, from a polymer pellet source, polymer pellets into the transfer line at a
second location, the second location being downstream of the first location, measuring a first
pressure value of the carrier fluid in the transfer line at a third location, the third location being
between the first location and the second location, measuring a second pressure value of the
carrier fluid and polymer pellets in the transfer line at a fourth location, the fourth location being
downstream of the second location, and determining a mass flow rate of the polymer pellets
flowing in the transfer line based on a differential pressure between the first pressure value and

the second pressure value.

[0072] Aspect 23 is the process of aspect 22, further comprising flowing the polymer
pellets from the transfer line to a container, and determining a total mass or a total volume of the
polymer pellets in the container based on the mass flow rate of the polymer pellets recorded

during a loading time of the container,

[0073] Aspect 24 1s the process of aspect 23, further comprising diverting a flow of the
polymer pelliets away from the container, wherein the step of diverting and the step of
determining a total mass or a total volume of the polymer peliets are performed in response to a

signal that the container is at a threshold level of polymer pellets.

[0074] Aspect 25 1s the process of any of aspects 22 to 24, further comprising
determining an amount of one or more additives to feed to an extruder based on the mass flow
rate of the polymer pellets in the transfer line, wherein the extruder is a source of the pellets fed

to the transter line, and adjusting a flow of the one or more additives to the extruder.

[0075] Aspect 26 is the process of aspect 25, where the one or more additives comprise
surface modifiers, slip agents, antiblocks, tackifiers, dispersing agents, antioxidants, nucleating
agents, pigments, dyes and colorants, processing aids, waxes, oils, fluoroelastomers, antistats,
scavengers, odor enhancers, degradation agents, ultraviolet stabilizers, heat stabilizers, viscosity
enhancers, plasticizers, delustrants, flame retardants, fillers and extenders, surfactants, lubricants,

glass fibers, blowing agents, or combinations thereof.

[0076] Aspect 27 is the process of any of aspects 22 to 26, wherein a pickup velocity of

the carrier fluid at the second location is from about 10 m/s to about 40 m/s.
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[0077] Aspect 28 is the process any of aspects 22 to 27, further comprising accelerating,
between the second location and the fourth location in the transfer line, the polymer pellets to a

conveying velocity.

[0078] Aspect 29 1s the process of aspect 28, wherein the conveying velocity is from

about 10 m/s to about 40 m/s.

[0079] Aspect 30 is the process of any of aspects 22 to 29, wherein a distance between

the second location and the fourth location is from about 1 meter to about 15 meters.

[0080] Aspect 31 is the process of any of aspects 22 to 30, wherein the carrier fluid

comprises nitrogen, a combination of oxygen and nitrogen, or water.

[0081] Aspect 32 1s the process of any of aspects 22 to 31, further comprising measuring

a flow rate of the carrier fluid upstream of the second location of the transfer line.

[0082] While the disclosure has been shown and described in various aspects,
modifications thereof can be made without departing from the spirit and teachings of the
invention. The aspects and examples described herein are exemplary only, and are not intended
to be limiting. Many variations and modifications of the invention disclosed herein are possible

and are within the scope of the invention.

[0083] Variations, combinations, or modifications of the features made by a person
having ordinary skill in the art are within the scope of the disclosure. Alternative aspects that
result from combining, integrating, or omitting features are also within the scope of the
disclosure. Where numerical ranges or limitations are expressly stated, such express ranges or
limitations should be understood to include iterative ranges or limitations of like magnitude
falling within the expressly stated ranges or limitations {e.g., from about 1 to about 10 includes,
2,3, 4

5, 6, ..., greater than 0.10 includes 0.11, 0.12, 0.13, 0.14, 0.15, ...). For example,

b yocere D

whenever a numerical range with a lower limit, R;, and an upper limit, R, is disclosed, any
number falling within the range is specifically disclosed. In particular, the following numbers
within the range are specifically disclosed: R=R; +k* (Ry-R;), wherein k is a variable ranging
from 1 percent to 100 percent with a 1 percent increment, 1.¢, k is I percent, 2 percent, 3 percent,
4 percent, 5 percent, ... .. 50 percent, 51 percent, 52 percent... 95 percent, 96 percent, 97 percent,

98 percent, 99 percent, or 100 percent. Moreover, any numerical range defined by two R
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numbers as defined 1n the above 1s also specifically disclosed. Use of the term “optionally” with
respect to any element of a claim means that the element is required, or alternatively, the element
is not required, both alternatives being within the scope of the claim. Use of broader terms such
as comprises, includes, and having should be understood to provide support for narrower terms

such as consisting of, consisting essentially of, and comprised substantially of.

[0084] Accordingly, the scope of protection is not limited by the description set out
above but is only limited by the claims which follow, that scope including all equivalents of the
subject matter of the claims. Each and every claim is incorporated into the specification as an
aspect of the present invention. Thus, the claims are a further description and are an addition to

the detailed description of the present invention.
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CLAIMS

I. A process comprising:

flowing a carrier fluid through a transfer line;

feeding polymer pellets into the transfer line at a feed location,

measuring a first pressure value of the carrier fluid at a location in the transfer line
upstream of the feed location;

measuring a second pressure value of the carrier fluid and polymer pellets at a downstream
focation in the transter line which is downstream of the feed location; and

determining a mass flow rate of the polymer pellets flowing in the transter line based on a
differential pressure between the first pressure value and the second pressure value.
2. The process of claim 1, further comprising:

flowing the polymer pellets from the transfer line to a container; and

determining a total mass or a total volume of the polymer pellets 10 the container based on
the mass tlow rate of the polymer pellets recorded during a loading time of the container.
3. The process of claim 2, further comprising;

diverting a flow of the polymer pellets away from the container;

wherein the step of diverting and the step of determining a total mass or a total volume of
the polymer pellets are performed in response to a signal that the container is at a threshold level of
polymer pellets.
4, The process of claim 1, further comprising:

determining an amount of one or more additives to feed to an extruder based on the mass
flow rate of the polymer pellets in the transfer line, wherein the extruder is a source of the pellets
fed to the transfer line; and

adjusting a flow of the one or more additives to the extruder.
5. The process of claim 4, where the one or more additives comprise surface modifiers, slip
agents, antiblocks, tackifiers, dispersing agents, antioxidants, nucleating agents, pigments, dyes
and colorants, processing aids, waxes, oils, flucroelastomers, antistats, scavengers, odor enhancers,
degradation agents, ultraviolet stabilizers, heat stabilizers, viscosity enhancers, plasticizers,
delustrants, flame retardants, fillers and extenders, surfactants, lubricants, glass fibers, blowing

agents, or combinations thereof.
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6. The process of claim 1, wherein a pickup velocity of the carrier fluid at the feed location is
from about 10 m/s to about 40 n/s.
7. The process of claim 6, further comprising:

accelerating, between the feed location and the downstream location in the transter line, the

polymer pellets to a conveying velocity.

3. The process of claim 7, wherein the conveying velocity is from about 10 m/s to about 40
ny/s
9. The process of claim 7, wherein a distance between the feed location and the downstream

location 1s from about 1 meters to about 15 meters.

10. The process of claim 1, wherein the carrier fluid comprises nitrogen, a combination of
oxygen and nitrogen, or water.

IL The process of claim 1, further comprising:

measuring a flow rate of the carrier fluid upstream of the feed location of the transfer line.
12. A system comprising:

a transfer line;

a carrier fluid source positioned at a first location of the transfer line, the carrier fluid
source to provide a carrier fluid 1n the transfer line;

a polymer pellet source, the transfer line configured to receive polymer pellets from the
polymer pellet source at a second location of the transfer line, the second location being
downstream of the first location;

a first pressure sensor positioned at a third location of the transfer line, the first pressure
sensor to measure a first pressure value of the carrier fluid in the transfer line at the third location,
the third location being between the first location and the second location;

a second pressure sensor positioned at a fourth location of the transfer line, the second
pressure sensor to measure a second pressure value of the carrier fluid containing the polymer
pellets in the transfer line at the fourth location, the fourth location being downstream of the second
focation; and

a computer system coupled to the first pressure sensor and the second pressure sensor, the
computer system configured to determining a mass flow rate of the polymer pellets flowing in the
transfer line based on a differential pressure between the first pressure value and the second

pressure value.
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13 The system of claim 12, wherein the computer system is further configured to:
record the mass flow rate of the polymer pellets to a container during a loading time;
receive a signal that the container is at a threshold level; and
determine a total mass or a total volume of the polymer pellets in the container based on the
mass flow rate of the polymer pellets recorded during the loading time.
4. The system of claim 13, wherein the computer system is further configured to:
divert a flow of the polymer peliets away from the container;
wherein the computer system determines a total mass or a total volume of the polymer
pellets and diverts a flow in response to receiving the signal.
1S. The systerm of claim 12, wherein the polymer pellet source comprises an extruder; and
wherein the computer system is further configured to:
deternmuine an amount of one or more additives to feed to the extruder based on the mass
flow rate of the polymer pellets in the transfer line; and
control a flow of the one or more additives to the extruder.
16. The system of claim 12, wherein a pickup velocity of the carrier fluid at the second location
is from about 10 m/s to about 40 m/s.
17. The systern of claim 16, wherein the polymer pellets are accelerated to a conveying

velocity between the second location and the fourth location in the transfer line,

18, The system of claim 17, wherein the conveying velocity is from about 10 m/s to about 40
n/s.
19 The system of claim 17, wherein a distance between the second location and the fourth

location 1s from about 1 meter to about 15 meters.
20. The system of claim 12, wherein the carrier fluid comprises, nitrogen, a combination of
nitrogen and oxygen, or water.
21 The system of claim 12, further comprising:

a tlow sensor to measure a flow rate of the carrier fluid upstream of the second location of
the transfer line, the flow sensor being coupled to the computer system.
22, A process comprising:

providing a carrier fluid to a transfer line at a first location;

receiving, from a polymer pellet source, polymer pellets into the transfer line at a second

location, the second location being downstream of the first location;
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measuring a first pressure value of the carrier fluid in the transfer line at a third location, the
third location being between the first location and the second location;

measuring a second pressure value of the carrier fluid and polymer pellets in the transfer
line at a fourth location, the fourth location being downstream of the second location; and

determining a mass tlow rate of the polymer pellets flowing in the transfer line based on a

differential pressure between the first pressure value and the second pressure value.
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