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(57) ABSTRACT 

A method and apparatus are disclosed for controlling product 
discharge from a fluidized bed reactor and for minimizing the 
loss of the unreacted monomer in the fluidizing gas upon 
removing the solid polymer product from the reactor. The 
method and apparatus utilize at least one detector in the 
product tank or its vent line and a control system in commu 
nication with the detector and the product tank fill valve, 
along with certain algorithms, to adjust by an iterative pro 
cess, the product discharge time, thereby maximizing resin 
fill in the product tank and minimizing the lost reactor gas 
Volume. 
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FIG. 1 
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FIG. 2 
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RAW MATERAL EFFICIENCY METHOD 
AND PROCESS 

FIELD OF THE INVENTION 

0001. The disclosure is related to the production of poly 
olefins in fluidized beds, and particularly to methods of 
removing polymerized product from a fluidized bed reactor at 
a desired rate of production while conserving the fluidizing 
gaS. 

BACKGROUND OF THE INVENTION 

0002. A longstanding problem in the production of poly 
olefins in fluidized bed reactors is the loss of the unreacted 
monomer in the fluidizing gas as a consequence of removing 
the solid polymer product from the reactor. The particles of 
polymer or resin product are generally removed by passing 
them into a product tank connected with the fluidized bed 
reactor, which usually occurs under positive gas pressure 
assisted by gravity, during which the particles are still some 
what entrained in or Surrounded by the gaseous atmosphere of 
the reactor. Regardless of the system of valves through which 
Solid product flows during a discharge cycle, the cycle gas 
leaving the reactor along with the product generally contains 
a significant Volume of unreacted monomer. The loss of unre 
acted monomer constitutes an economic loss of the chemical 
reactant. Fluidizing gas may further include inert gases, for 
example, to control the dew point of the recycle gas and which 
also represents an economic loss each time the polymer prod 
uct is removed from the reactor. 
0003 Previous systems that have been developed to mini 
mize the loss of gas when the polymer product is removed 
tend to impede the removal of the solid product itself, relative 
to a reactor design not employing such a system. As a result, 
the entire polymerization process ultimately can be limited by 
the rate of product removal, rather than the depend on the rate 
of production. These production limitations in large, expen 
sive reactors are highly undesirable. 
0004. Therefore, there exists a need for new product 
removal strategies that can help minimize the loss of reactor 
gases when the polymer product is removed, but which do not 
hinder the removal of the solid product during product dis 
charge. There is also a need for product removal systems that 
can operate over a wide range of reactor parameters, without 
limiting the rate of production. 

BRIEF SUMMARY OF THE INVENTION 

0005. This disclosure provides a method and apparatus for 
controlling product discharge from a fluidized bed reactor 
and for controlling, reducing, and/or minimizing the loss of 
the unreacted monomer and the fluidizing gas that results 
from removing the solid polymer product from the reactor. 
Fluidized bed reactors normally discharge resin through an 
Integrated Product Discharge System, or IPDS, which 
includes a set of valves and tanks configured to minimize the 
loss of reactor gas during resin discharge cycle from the 
reactor. In one aspect, minimizing cycle gas losses can be 
achieved by filling the product tank substantially completely 
with resin or overfilling the product tank to a defined, desir 
able level or resin, during the reactor discharge sequence. 
Maximizing resin fill in the product tank minimizes the reac 
tor gas Volume, thereby also minimizing the loss of discharge 
cycle gas while maximizing resin throughput. At the same 
time, overfilling the product tank to more than an acceptable 
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amount can cause undesired blockages in the IPDS system 
and result in IPDS outages, which can reduce plant through 
put as well as increase cycle gas losses. 
0006. The sequence times for controlling valves in an 
IPDS system typically must be adjusted manually, which 
require “trial-and-error adjustments to maintain reliable 
operation. For example, the time that the product discharge 
valve is open during a discharge cycle, which controls the 
extent to which the product tank is filled or overfilled, is one 
parameter that normally is adjusted manually. In accordance 
with this disclosure, the product discharge valve is opened 
and closed for a controllable time period using a system that 
includes a detector for detecting the Solid particulate product 
level, in conjunction with a control system and various con 
trol algorithms, which automatically adjust the pre-deter 
mined “valve-open time period to attain the desired filled or 
overfilled level in the product tank. By describing the product 
tank as “filled, it is intended to refer to product being added 
to the product tank to about the maximum extent, about the 
100% capacity level of the product tank, without substantial 
product overflow from the tank. By describing the product 
tank as “overfilled, it is intended to refer to product being 
added to the product tank to more than the 100% maximum 
capacity level of the product tank, such that product overflow 
from the tank into a vent line, overflow container, or the like, 
occurs to some desired extent. The terms “maximize' or 
“maximized' and the like are used herein to include both 
concepts of “filled and “overfilled such that particulate 
product is added to a product tank up to an acceptable or 
desirable level that includes both filled or overfilled to a 
desired extent. 

0007 Thus, in one aspect, the disclosure provides a 
method of removing a solid particulate product from a fluid 
ized bed reactor together with gas from the fluidized bed 
reactor, in which a product tank is connected with the fluid 
ized bed reactor through a fill valve and includes a means for 
emptying and a means for venting the product tank. The 
product tank or vent line comprises a detector capable of 
detecting the Solid particulate product and a control system in 
communication with the detector and the fill valve and 
capable of controlling the fill valve. The detector is situated, 
for example at or near the top of the tank and/or contiguous 
with the vent line, such that the detector indicates when the 
product tank is filled or overfilled to a known level, for 
example within the vent line. A discharge cycle is performed 
by opening the fill valve for a pre-determined time period and 
transferring the Solid particulate product and reactor gas into 
the product tank, then closing fill valve and emptying the 
tank. This discharge cycle is repeated any number of times, 
and the particular control algorithm employed calculates 
adjustments to be made and, in conjunction with the control 
system, adjusts the pre-determined time period. Any detector 
can be used that can detect the presence or absence of a solid 
particulate product at the level of the detector, as it is situated 
in the product tank and/or vent line, and the particular control 
algorithm can be selected on the basis of the type of response 
any specific detector will provide. 
0008. In one aspect, a detector that provides a simple 
binary response, depending upon whether Solid particulate 
product is detected or not detected, can be employed. In this 
aspect, and by way of example, the fraction or percent of 
discharge cycles in which the Solid particulate product is 
detected with the detector can be determined. As discharge 
cycles are carried out for the duration of the test period, a 
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control algorithm can be used with the control system to 
adjust the pre-determined time period to increase or decrease 
the proportion of discharge cycles in which the solid particu 
late product is detected with the detector. As more discharge 
cycles are effected and sequential adjustments are made, the 
product tank may approach a Substantially constant desired 
fill level during each product discharge cycle. 
0009. In another aspect, a detector that provides a scaledor 
proportional response to the presence of Solid particulate 
product can be employed, including a detector that provides a 
peak value of the measured parameter. In this aspect, and by 
way of example, a detector that provides a peak density mea 
Surement can be used. A desired or target detector response 
value can be selected, along with minimum acceptable and 
maximum acceptable response values, and as discharge 
cycles are carried out for the duration of the test period, the 
control algorithm can calculate the average detector response 
value. At the end of the test period, the pre-determined time 
period can be adjusted, based on whether the average detector 
response value is at or below the minimum acceptable 
response value, at or above the maximum acceptable response 
values, or at or near the desired or target detector response 
value. 

0010. The method disclosed herein is especially useful for 
processes in which a product tank is rapidly filled and emptied 
as part of a sequenced operation, in which an appropriate, 
precise level of tank fill assists in maximizing and/or optimiz 
ing reactor throughput, while minimizing or optimizing loss 
of the unreacted monomer in the fluidizing gas. One type of 
sequenced operation in which the disclosed process can be 
used is disclosed in U.S. Pat. No. 6.255.411, which is hereby 
incorporated in its entirety by reference. In this aspect, the 
means for emptying the product tank typically comprises a 
downstream blow tank which is connected with the product 
tank through a discharge valve. 
0011. In another aspect of the disclosed process, there is 
provided a method of removing a solid particulate product 
from a fluidized bed reactor, in which two detectors capable 
of detecting the solid particulate product are employed with 
the product tank and/or vent line, along with a control system 
in communication with both detectors and the fill valve. In 
this method and apparatus, a first detector is situated to indi 
cate when the product tan is filled or overfilled to a lower first 
level, and the second detector is situated to indicate when the 
product tank is overfilled to a higher second level. The detec 
tors that can be used can be detectors that provide either a 
binary “on-off response to the presence of solid particulate 
product, or a scaled or proportional response that provides a 
value proportion to some measured parameter. 
0012. In the two-detector aspect, and by way of example, 
using detectors with a binary response, as a discharge cycle is 
performed and repeated any number of times, the detectors 
and control system can determine the fraction or percent of 
discharge cycles in which the Solid particulate product is 
detected at both the first and the second detectors. A control 
algorithm can be used with the control system to adjust the 
pre-determined time period to increase or decrease the pro 
portion of discharge cycles in which the Solid particulate 
product is detected with the first and the second detectors. By 
incorporating a second detector, typically higher in the vent 
line than the first detector which can be located several inches 
from the top of the product tank, more precise control of the 
fill level of the product tank can be attained. For example, 
using this two-detector method and apparatus, the pre-deter 
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mined time period can be adjusted Such that the Solid particu 
late product is detected with the first detector about 100% of 
the discharge cycles, and the Solid particulate product is 
detected with the second detector about 0% of the discharge 
cycles. 
0013 Further to the two-detector aspect, and by way of 
example, using detectors with a scaled or proportional 
response, as a discharge cycle is performed and repeated any 
number of times, a desired or target detector response value 
can be selected for each detector, along with minimum 
acceptable and maximum acceptable response values for 
each detector, although typically a minimum acceptable 
response value will be associated with the detector lower in 
the product tank or vent line and the maximum acceptable 
response value will be associated with the detector higher in 
the product tank or vent line. As discharge cycles are effected 
for the duration of a particular test period, the control algo 
rithm can calculate the average detector response value. At 
the end of the test period, the pre-determined time period can 
be adjusted, based on whether the average detector response 
value is at or below the minimum acceptable response value, 
at or above the maximum acceptable response values, or 
below, above, or near the desired or target detector response 
values for each of the two detectors. This two-detector 
embodiment can be used, for example, for providing very fine 
adjustments to the level of the solid particulate resin product. 
0014) A number of reactor systems and fluidized bed prod 
uct discharge designs have been described, examples of 
which are disclosed in U.S. Pat. Nos. 4,621,952, 4,003,712, 
4,032,391, 4,255,542, 4,302,565, and 4,535,134, each of 
which is hereby incorporated by reference in its entirety. It is 
anticipated that the apparatus and method of this disclosure 
can be utilized in conjunction with any of these reactor sys 
tems to sequentially adjust the discharge cycles, such that the 
product tank will approach a Substantially constant desired 
fill level during each product discharge cycle. 

BRIEF DESCRIPTION OF THE FIGURES 

0015 FIG. 1 is a simplified schematic of the product dis 
charge system of the present disclosure, illustrating the detec 
tor and control system in communication with the product 
tank fill valve. 
0016 FIG. 2 is a schematic of a typical fluidized bed 
polymerization reactor System using the product discharge 
system of this disclosure. 
0017 FIG. 3 is a schematic illustrating the tanks and valv 
ing for a diagrammatic description of product removal pro 
cedure according to U.S. Pat. No. 6.255.411, which can be 
utilized in combination with the product discharge system of 
this disclosure. 

DETAILED DESCRIPTION OF THE INVENTION 

0018. The present disclosure affords a method, apparatus, 
and system for improving the raw material efficiency of a 
fluidized bed reactor and plant throughput by improving the 
Integrated Product Discharge System (IPDS) fill efficiency 
using a new control methodology. For example, this disclo 
Sure helps address the problem of maintaining optimal opera 
tion of the product discharge in a fluidized bed polymeriza 
tion reactor Such as is used in the UNIPOLTM Gas Phase 
Technology and other processes, to maintain desired produc 
tion rates while minimizing losses of cycle gas. The disclosed 
process and apparatus are applicable to all resin products Such 
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as polypropylene (PP) including isotactic polypropylene 
(iPP), high density polyethylene (HDPE), linear low density 
polyethylene (LLDPE) including metallocene-catalyzed lin 
earlow density polyethylene (mLLDPE), ethylene-propylene 
rubber (EPR), ethylene propylene diene rubber (EPDM), and 
the like. In accordance with this disclosure, the product dis 
charge valve of a fluidized bed reactor is opened and closed 
for a controllable time period using a system that includes a 
detector, a control system, and various control algorithms, 
and the pre-determined “valve-open time period is automati 
cally adjusted to attain the desired fill level in the product 
tank. 
0019. According to this disclosure, a method of removing 
a solid particulate product from a fluidized bed reactor is 
provided, the method comprising: 
0020 (a) providing: 

0021 (i) a product tank connected with a fluidized bed 
reactor through a fill valve and comprising a means for 
emptying and a means for venting: 

0022 (ii) a detector that provides a response when a 
solid particulate product fills or overfills the product tank 
to the level of the detector; and 

0023 (iii) a control system in communication with the 
detector and the fill valve and capable of controlling the 
fill valve; 

0024 (b) performing at least one discharge cycle compris 
ing: 

0025 (i) opening the fill valve for a pre-determined time 
period and transferring the solid particulate product 
together with gas from the fluidized bed reactor into the 
product tank; and 

0026 (ii) after the pre-determined time period, closing 
the fill valve and emptying the product tank; 

0027 (c) while performing step (b), calculating a desired 
adjustment to the pre-determined time period using a control 
algorithm and at least one detector response or absence 
thereof obtained while performing at least one discharge 
cycle; and 
0028 (d) adjusting the pre-determined time period by the 
desired adjustment using the control system. 
0029. Typically, the means for venting the product tank is 
a vent line and the detector can be located in or contiguous to 
the vent line so as to detect solid particular product when it 
reaches a desired level within the vent line. When the detector 
is situated to detect product in the vent line, the product tank 
is overfilled to the level of the detector; that is, this configu 
rationallows the detector to signal when the product overflow 
from the product tank into a vent line has occurred to some 
desired extent. In one aspect, the detector can be located any 
distance along the vent line from the junction of the vent line 
and the product tank. In one aspect, the detector can be 
located from as close as it is possible to mount near the top of 
the product tank, about 0.25 feet, to about 10 feet or even more 
from the junction of the vent line and the product tank. The 
location of the detector can vary as a function of the particular 
resin, and can vary over a wide range. For example, the more 
“sticky” or tacky resins which may be among the lower den 
sity resins (LDPE, EPR, and the like), usually have a lower 
detector position in the vent line or at the top of the product 
tank, to prevent clogging of the vent line. The less 'sticky” or 
tacky resins which are generally among the higher density 
resins (HDPE and the like), can accommodate a higher detec 
tor position in the vent line because their presence several feet 
into the line likely will not lead to clogging or blockages in the 
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IPDS system. Thus, the detector can be located in or on the 
vent line about 10 feet, about 9 feet, about 8 feet, about 7 feet, 
about 6 feet, about 5 feet, about 4 feet, about 3 feet, about 2 
feet, about 1.5 feet, about 1 foot, about 0.5 feet, or about 0.25 
feet from the junction of the vent line and the product tank. In 
another aspect, the detector can be located from about 0.25 to 
about 5.0 feet, from about 0.5 to about 3.0 feet, or about 0.75 
to about 2.0 feet from the junction of the vent line and the 
product tank, to signal the product level at the desired level of 
overfill. 

0030 The disclosed process and apparatus also provide 
for a detector that is moveable or adjustable, to accommodate 
different heights within the vent line or product tank at which 
detection may be desired, as may be the case when producing 
different resins. When the detector is a nuclear density meter 
as described below, the radiation source and the detector 
portion of the density meter (for example, a Gamma detector) 
can be mounted opposite each other on the outside of the vent 
line Such that the nuclear density meter operates in direct 
transmission mode, without the need for the detector probe to 
directly enter or breach the vent line. Therefore, a nuclear 
density meter adapts very well when an adjustable detector is 
desired. Other detectors, such as a photoelectric sensor may 
be used. 

0031. A further aspect of the disclosure provides that the 
detector can be located at or near the top of the product tank 
and not in the vent line, so as to detect product before it 
overfills the product tank into the vent line. Typically, in order 
to maximize resin fill in the product tank and minimize the 
reactor gas Volume, the detector can be located as close to the 
top of the product tank as physically possible. However, the 
exact detector location is expected to vary as a function of the 
detector size, the required path length for the detection 
method, the particular construction of any vented branch line 
that may be used solely for mounting a detector, and similar 
factors that may affect or be required for detector operation. 
By way of example, when the detector is a nuclear density 
meter as disclosed herein, the radiation source and the detec 
torportion of the density meter (for example, a Gamma detec 
tor) can be mounted adjacent to each other on the outside of 
the product tank, such that the nuclear density detector oper 
ates in backscatter mode, thereby allowing the detector to be 
situated high on the product tank. 
0032. In one aspect of the disclosed method, the fill valve 

is opened for a finite, pre-determined time period to transfer 
solid product into the product tank, after which the fill valve 
is closed and the product tank is emptied. Typically the pre 
determined time period is adjusted to optimize the conserva 
tion of gas in the fluidized bed reactor, and any number of 
algorithms or programming logic can be used to adjust this 
pre-determined valve-open time period. In one aspect this 
disclosure provides for performing and repeating the dis 
charge cycle any number of times and determining the pro 
portion of discharge cycles in which the Solid particulate 
product is detected by the detector. Therefore, steps (b) 
through (d) of the process recited above normally are repeated 
at least one time. While the multiple discharge and detection 
events are occurring, a control algorithm along with the con 
trol system are used to adjust the pre-determined time period 
to increase or decrease the proportion of discharge cycles in 
which the solid particulate product is detected with the detec 
tor. Therefore, it is envisioned that for all the discharge cycles 
within a given period, for example 1 or 2 hours, a certain 
fraction or percent of overfill events in the discharge cycles 
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may be desirable. In this case, if an overfill event occurs some 
proportion of all the product discharge fills, then it is expected 
that resin fill in the product tank is maximized, yet because 
only a fraction of discharge cycles result in overfill it is 
unlikely that blockages in the IPDS system will occur. 
0033. In one aspect, a detector that provides a simple 
binary response, depending upon whether Solid particulate 
product is detected or not detected, can be employed. By way 
or example, when this type detector is employed, the steps of 
calculating a desired adjustment to the pre-determined time 
and adjusting the pre-determined time period while perform 
ing at least one discharge cycle (corresponding to steps (c) 
and (d) of the above-disclosed method, can be implemented 
according to a control algorithm comprising the following 
steps: 
0034 (i) selecting a test period, ts, comprising suffi 
cient time to perform at least one discharge cycle; 
0035 (ii) selecting a desired percentage of discharge 
cycles, Percenturger in which the solid particulate prod 
uct is detected with the detector; 
0036 (iii) selecting a number of seconds to decrease (x) 
and a number of seconds to increase (y) the pre-determined 
time period during which the fill valve is open; 
0037 (iv) for the duration of the test period, calculating 
the percentage of discharge cycles, Percentos, in which the 
solid particulate product is detected with the detector; 
0038 (v) following the last discharge cycle of the test 
period, adjusting to the pre-determined time period as fol 
lows: 

(0039 (A) if Percentots->Percenturger decreasing 
the pre-determined time period by X Seconds; 

10040 (B) if Percentors-Percenturger, increasing 
the pre-determined time period by y seconds; and 

(0041) (C) if Percentos-Percentracter, making no 
adjustment to the pre-determined time period; 

0042 (vi) repeating steps (iv) and (v) any number of times; 
and 
10043 (vii) optionally adjusting test Percenturger X, 
y, or any combination thereof after any step (V) or at any time 
during a test cycle. 
0044) This binary response algorithm strategy also can be 
employed using a scaled or proportional response detector, in 
which only a binary "yes-no response is entered into the 
algorithm. For example, a nuclear density meter can be 
employed in conjunction with a binary response algorithm, 
using the detection or non-detection of Solid product as the 
response. 
0045. In this aspect, the fraction or percent of resin detec 
tions in the total number of discharge events that can be used 
to initiate an adjustment to the pre-determined valve-open 
time can be any proportion or percent. For example, the 
controller can be programmed so that if the detector senses 
resin in C.9% of the total resin discharges for the previous time 
period, wherein C. can be greater than or equal to about 1% 
and less than or equal to about 100% (that is, 1sC.s 100), then 
the controller can be set to decrease the fill valve open time by 
the desired time interval, typically by B seconds, wherein 
typically 0.1sfs2.0 seconds. A decrease in fill time is used 
to allow less time for filling of the tank to provide a lower 
average peak tank level, just as an increase in fill time is used 
to provide a higher average peak tank level. Further, the 
percent of the total resin discharges that can be used to initiate 
an adjustment, C. 96, can range from about 5 to about 90 
percent, from about 10 to about 80 percent, from about 20 to 
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about 70 percent, from about 30 to about 60 percent, or from 
about 40 to about 55 percent. Moreover, adjustments could be 
made to the proportion or percent C.96 itself as the reactor run 
proceeds according to a particular algorithm, to in order to 
more quickly adjust the resin fill and attain maximum product 
tank fill. For example, for the first 1-hour period monitoring 
period or for the first 20 discharge cycles, the percent of resin 
detections in the total number of discharge events that will 
initiate an adjustment to the pre-determined valve-open time 
(C.) can be between about 10% to about 90%, for the second 
1-hour period monitoring period or for the second 20 dis 
charge cycles, C. can be between about 25% to about 75%, and 
for the third and Subsequent 1-hour period monitoring periods 
or for the third and Subsequent 20 discharge cycles, C. can be 
between about 25% to about 75%, These numbers are exem 
plary, as any number of algorithms can be used which would 
alter the values of C, depending upon the reactor parameters 
and the like. 
0046. The control system also could be programmed so 
that if the density meter did not detect product in Y% of the 
total resin discharges for the previous time period, wherein 
typically 1 sys99 and the time period can be about 1 hour, 
then the controller can increase the fill of the tank by increas 
ing the fill valve open time by 8 seconds, wherein typically 
0.1 s6s2.0 seconds. 
0047. In a further aspect, a detector that provides a scaled 
or proportional response to the presence of Solid particulate 
product can be employed, including a detector that provides a 
peak value of the measured parameter, can be employed. By 
way or example, when this type detector is employed, the 
steps of calculating a desired adjustment to the pre-deter 
mined time and adjusting the pre-determined time period 
while performing at least one discharge cycle (corresponding 
to steps (c) and (d) of the above-disclosed method, can be 
implemented according to a control algorithm comprising the 
following steps: 
0048 (i) selecting a test period, ts, comprising suffi 
cient time to perform at least one discharge cycle; 
0049 (ii) selecting a desired detector response value, 
R, a minimum acceptable detector response value 
R, and a maximum acceptable detector response value 
RM4x3 
0050 (iii) selecting a number of seconds to decrease (x) 
and a number of seconds to increase (y) the pre-determined 
time period during which the fill valve is open; 
0051 (iv) for the duration of the test period, calculating 
the average detector response, R, following each dis 
charge cycle; 
0.052 (v) following the last discharge cycle of the test 
period, adjusting to the pre-determined time period as fol 
lows: 

0053 (A) if R,2R, decreasing the pre-deter 
mined time period by X Seconds, 

0054 (B) if Rs.R., increasing the pre-deter 
mined time period by y seconds; and 

0055 (C) if Ry-R-R, making no adjustment 
to the pre-determined time period; 

0056 (vi) repeating steps (iv) and (v) any number of times; 
and 
0057 (vii) optionally adjusting tres, Rzecz, Ray, 
R X, y, or any combination thereof after any step (V) or at 
any time during a test cycle. 
0058. In this aspect, the desired detector response value, 
Rzecz, can be a peak density meter value, peak obtained 
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from a nuclear density meter measurement. Any one, any 
combination, or all of the algorithm parameters, tes, R 
GET, Ratty, Ray, X, ory, can be adjusted at any time during 
a test cycle, as appreciated by one of ordinary skill. The time 
adjustments can differ, Such that X can be greater than, less 
than, or equal to y. Typically, the number of seconds to 
decrease (X) the pre-determined time period can be greater 
than the number of seconds to increase (y) the pre-determined 
time period during which the fill valve is open, thus, X can be 
greater thany. This feature is useful to adjust the level of the 
solid product down faster than it is adjusted up. Moreover, as 
production continues and reactor production time increases, 
ts, can adjusted upward at least one time upon repeating 
steps (iv) and (V) in the disclosed algorithm. 
0059 A number of other variations of programming logic 
or algorithms can be used to adjust the pre-determined time 
periodorused to adjust other reactor and/or product discharge 
parameters according to the disclosure. For example, in one 
aspect, the control algorithm and the control system can 
adjust the pre-determined valve-open time period, the time 
between each discharge cycle, any number of reactor param 
eters, or any combination thereof, as understood by one of 
skill in the art, to optimize the conservation of gas in the 
fluidized bed reactor. Moreover, it is also envisioned that the 
parameter(s) to be adjusted, such as the pre-determined 
valve-open time, can be adjusted after any number of dis 
charge cycles. Typically, it is desirable to monitor several 
discharge cycles, for example the discharge cycles that occur 
over a 1-hour time period to determine the proportion of 
overfill events in the discharge cycles, and adjust the pre 
determined valve-open time only after the 1-hour monitoring 
period. It is also possible to monitor a given number of dis 
charge cycles, for example from about 3 to about 20 discharge 
cycles, and base a calculated adjustment to the pre-deter 
mined valve-open time on the specific number of discharge 
cycles. Alternatively, adjustments could be made after only a 
single discharge cycle, in order to quickly adjust the valve 
open time. 
0060. In a further aspect, any combination of program 
ming logic Such as the algorithms disclosed above, can be 
used. For example, starting from the first discharge cycle, 
adjustments could be made to the pre-determined valve-open 
time after each individual discharge cycle for about 5 to about 
10 discharge cycles, after which an algorithm that monitors 
discharge cycles for a 1-hour period and adjust the pre-deter 
mined valve-open time after each 1-hour period could Sup 
plant the initial individual discharge cycle. 
0061 Still a further aspect of this disclosure relates to the 
time increment by which the pre-determined valve-open time 
is adjusted, whether the adjustment increases or decreases the 
pre-determined time. In this aspect, the control system can 
increase or decreased the pre-determined valve-open time by 
any time increment, for example a time adjustment ranging 
from about 0.05 seconds to about 5 seconds can be used. 
Further, this adjustment can also range from about 0.08 to 
about 3 seconds, or from about 0.1 to about 2 seconds. It is 
also not necessary that this increment itself be constant, as 
this increment can itselfbe varied over time, depending on the 
particular algorithm. For example purposes, for the first 
1-hour period monitoring period or for the first 8 discharge 
cycles, the pre-determined time can be adjusted in 1-second 
increments, for the second 1-hour period monitoring period 
or for the second 8 discharge cycles, the pre-determined time 
can be adjusted in 0.3-second increments, and for any follow 
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ing discharge cycles, the pre-determined time can be adjusted 
in 0.3-second increments. Such a feature has the advantage of 
making more coarse adjustments in the early stages of a 
reactor run, while reactor parameters may still be reaching 
steady state conditions, after which more fine adjustments 
will be made when coarse adjustments are more likely to 
result in product tank underfilling or overfilling events. 
0062 An additional aspect of this disclosure relates to the 
detector. Any detector can be used that is capable of sensing 
the presence of Solid particulate product in the product tank 
and/or vent line. Examples of suitable detectors include, but 
are not limited to, a nuclear density meter, a capacitance 
probe, a photoelectric sensor, an optical density meter, a 
differential pressure sensor, an acoustic sensor, or a vibrating 
probe, or any combination thereof in the multiple detector 
embodiments as described below, can be used. The nuclear 
density meter works well with this disclosed process. While 
not intending to be bound by theory, nuclear density meters 
use a radioactive isotope source such as ''Cs that emits 
photons (usually Gamma rays) which radiate back to the 
detector, and can be adapted to detect Solid product in the 
backscatter mode or in the direct transmission mode, depend 
ing upon the location of the isotope Source relative to the 
detector. The presence of solid product between the radioac 
tive isotope source and the detector (direct transmission) or 
adjacent to the radioactive isotope Source and the detector 
(backscatter) will absorb radiation that can be detected. In one 
aspect, a single point nuclear level detector located in the 
product tank vent (“G”) line, FIG. 1, in conjunction with an 
algorithm to adjust the pre-determined valve-open time Such 
that the detector only detects product on a certain percentage 
of discharge cycles in a given period works well, although 
other algorithms such as those disclosed herein can also be 
used. 

0063. One of ordinary skill will understand that the figures 
provided herein are schematics that disclose, among other 
things, the connectivities of the various components for pur 
poses of illustrating the disclosure, and are not necessarily 
limited to the particular orientation of the components as 
illustrated. FIG. 1 illustrates one aspect of the product dis 
charge system of the present disclosure in simplified form, 
and shows the detector and control system in communication 
with the product tank fill valve. Other reactor components are 
not illustrated in this figure. The product tank 1 in FIG. 1 is 
connected with the fluidized bed reactor 2 through a fill valve 
3, and comprises a means for venting, shown here as a vent 
“G” line 4 that, in this aspect, returns gas to the reactor 2. The 
product tank 1 also comprises a means for emptying the 
product tank, shown as a blow tank 5, which is connected to 
the product tank 1 through a blow tankline 6 and a blow tank 
valve 7. A detector 8, which can be, for example, a nuclear 
density meter, is contiguous with the vent “G” line 4 such that 
it is configured to detect with the solid resin product fills the 
vent “G” line 4 to the level of the detector 8. Detector 8 is in 
communication with the control system 9, which itself is also 
in communication with the product tank fill valve 3, and is 
capable of utilizing a control algorithm according to this 
disclosure to control the opening and closing of the product 
tank fill valve 3. 

0064 FIG. 2 shows the basic overall operation of a fluid 
ized bed reaction system, a type commonly used for making 
polyethylene, ethylene copolymers, and other olefin poly 
mers, which uses the product discharge system of this disclo 
sure. Referring to FIG. 2, the reactor 101 comprises a reaction 
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Zone 102 and a velocity reduction Zone 103. The catalyst 
precursor or partially activated precursor composition used in 
the fluidized bed can be stored for service in a reservoir 104 
under a blanket of a gas which is inert to the stored material, 
Such as nitrogen or argon. Make-up gas is fed to the fluidized 
bed, and the composition of the make-up gas can be deter 
mined by a gas analyzer 105. Where desired, part of the 
make-up gas can be returned over gas recycle line 106 to the 
reactor at point 107 below the bed. There exists a gas distri 
bution plate 108 above the point of return to aid fluidizing the 
bed. 

0065. The portion of the gas stream which does not reactin 
the bed constitutes the recycle gas which typically is removed 
from the polymerization Zone, preferably by passing it into a 
velocity reduction Zone 103 above the bed where entrained 
particles are given an opportunity to drop back into the bed. 
The recycle gas is then compressed in a compressor 109 and 
then passed through a heat exchanger 110 wherein it is 
stripped of heat of reaction before it is returned to the bed. An 
activator compound typically is added to the reaction system 
downstream from heat exchanger 110 and as illustrated may 
be fed into the gas recycle system from dispenser 111 through 
line 112. The catalyst precursor or partially activated catalyst 
precursor composition typically is injected into the bed at a 
rate equal to its consumptionata point 113 which is above the 
distribution plate 108. 
0066. The particulate polymer product can be continu 
ously withdrawn at a point 114 in Suspension with a portion of 
the gas stream which is vented as the particles settle to mini 
mize further polymerization and sintering when the particles 
reach their ultimate collection Zone. The Suspending gas may 
also be used to drive the product of one reactor to product tank 
117. The particulate polymer product is conveniently and 
preferably withdrawn through the sequential operation of a 
pair of timed valves 115 and 116 upstream and downstream, 
respectively, of the product tank 117. Thus, valve 115 is a 
product tank fill valve and valve 116 is a blow tank fill valve, 
between the product tank 117 and the blow tank 124, which is 
a means for emptying the product tank 117. While valve 116 
is closed, valve 115 is opened to emit a plug of gas and 
product to the product tank 117 between it and valve 115 
which is then closed. The vented gas containing unreacted 
monomers may be recovered from product tank 117 through 
vent line 118. A detector 122, which can be, for example, a 
nuclear density meter, is contiguous and/or in communication 
with the vent line 118 and is capable of detecting the solid 
particulate product when the product fills the vent line 118 to 
the level of the detector 122. Detector 122 is in communica 
tion with the control system 123, which itself is also in com 
munication with the product tank fill valve 115, and is capable 
of utilizing a control algorithm according to this disclosure to 
control the opening and closing of the product tank fill valve 
115. 

0067 Valve 116 is then opened to deliver the product to the 
blow tank 124, which itself can be emptied by delivering the 
product to an even lower pressure Zone. Valve 116 is then 
closed to await the next product recovery operation. The 
vented gas containing unreacted monomers may be recovered 
from Zone 117 through line 118 and recompressed in com 
pressor 119 and returned directly, or through a purifier 120, 
over line 121 to gas recycle line 106 at a point upstream of the 
recycle compressor 109. 
0068. This disclosure further provides a method of remov 
ing a solid particulate product from a fluidized bed reactor 
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using a two-detector arrangement. In this aspect, a first detec 
tor is situated to indicate when the product tank is filled or 
overfilled to a lower first level, and the second detector is 
situated to indicate when the product tank is overfilled to a 
higher second level. The detectors can be either the binary 
“on-off response detectors or the scaled or proportional 
response detectors as described. Thus, in accordance with this 
aspect of the disclosure, a method of removing a solid par 
ticulate product from a fluidized bed reactor is provided, the 
method comprising: 
0069 (a) providing: 

0070 (i) a product tank connected with a fluidized bed 
reactor through a fill valve and comprising a means for 
emptying and a means for venting: 

0071 (ii) a first detector that provides a response when 
a solid particulate product fills or overfills the product 
tank to a first level; 

0.072 (iii) a second detector that provides a response 
when a solid particulate product fills or overfills the 
product tank to a second level which is higher than the 
first level; 

0.073 (iv) a control system in communication with the 
detector and the fill valve and capable of controlling the 
fill valve; 

0.074 
ing: 

0075 (i) opening the fill valve for a pre-determined time 
period and transferring the Solid particulate product 
together with gas from the fluidized bed reactor into the 
product tank; and 

0.076 (ii) after the pre-determined time period, closing 
the fill valve and emptying the product tank; 

0077 (c) while performing step (b), calculating a desired 
adjustment to the pre-determined time period using a control 
algorithm and at least one detector response or absence 
thereof from the first detector, the second detector, or both, 
obtained while performing at least one discharge cycle; and 
0078 (d) adjusting the pre-determined time period by the 
desired adjustment using the control system. 
007.9 Typically, steps (b) through (d) of this process are 
repeated at least one time. Further, the pre-determined time 
period can be adjusted to either increase or decrease the 
pre-determined time period by any amount, but typically can 
be adjusted by an amount ranging from about 0.05 seconds to 
about 5 seconds. Moreover, the pre-determined time period 
can be adjusted after step (c) is carried out any number of 
time, but typically can be adjusted repeated after step (c) is 
carried out from about 3 to about 20 times. 
0080. Any algorithm or combination of algorithms that are 
disclosed herein can be employed to adjust the pre-deter 
mined time period. When using two detectors, the number of 
seconds to decrease (X) and the number of seconds to increase 
(y) the pre-determined time period can be calculated by an 
algorithm that considers only a single detector or both detec 
tors. For example, when the pre-determined time should be 
decreased, decrease time (X) can be calculated from an algo 
rithm that considers only the corresponding decrease time 
dictated by an algorithm that considers responses of the 
higher, second detector, just as any necessary increase time 
(y) can be calculated from an algorithm that considers only 
the corresponding decrease time dictated by an algorithm that 
considers responses of the lower, first detector. More complex 
algorithms that consider calculating (X) or (y) by Scaling the 

(b) performing at least one discharge cycle compris 
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detector responses for the upper and lower detectors are 
within the scope of this disclosure. 
0081. According to this aspect of the disclosed process 
and apparatus, by incorporating a second detector, typically 
higher in the vent line than the first detector which is located 
only several inches from the top of the product tank, more 
precise control of the fill level of the product tank can be 
attained. By way or example and similar to the single detector 
method, using a binary response detector, a control algorithm 
can be used with the control system to adjust the pre-deter 
mined time period to increase or decrease the proportion of 
discharge cycles in which the Solid particulate product is 
detected with the first and the second detectors. For example, 
using this two-detector method and apparatus, the pre-deter 
mined time period can be adjusted Such that the solid particu 
late product is detected with the first detector from about 90% 
to about 100% of the discharge cycles, and the solid particu 
late product is detected with the second detector from about 
0% to about 10% of the discharge cycles. In another aspect, 
the pre-deternmined time period can be adjusted such that the 
solid product is detected with the first detector about 100% of 
the discharge cycles, while the Solid particulate product is 
detected with the second detector about 0% of the discharge 
cycles. The means for venting the product tank typically is a 
vent line; therefore, the second detector usually is situated to 
detect resin product within the vent line, and the first detector 
can be situated to detect resin product within the product tank 
including at the top of the product tank or within the vent line. 
Typically, the pre-determined time period is adjusted to opti 
mize the conservation of gas in the reactor. 
0082 In a further aspect, this disclosed process can be 
used in combination with other process that have been or are 
currently being employed to optimizing performance of the 
product discharge system by other means. For example, U.S. 
Pat. No. 6.255,411 describes the optimization of a product 
discharge system that is accomplished by adjusting the dura 
tion of each step within a complex product discharge time 
cycle Time allocations for the functions of interest are deter 
mined by the timing of opening and closing valves, in which 
the valves are typically controlled by a digital controller, 
which is programmed to follow a specific sequence. The time 
spent in each of the steps in the sequence can be adjusted to 
provide for a desired rate of reactor discharge with minimal 
loss of cycle gas. The present disclosure can be used to opti 
mize the first stage of Such a complex product discharge 
cycle, by optimizing and/or maximizing the resin fill in each 
product tank. 
0.083 FIG. 3 illustrates the tanks and valve controls for a 
diagrammatic description of the product removal procedure 
according to U.S. Pat. No. 6.255,411, which is illustrated 
using dual product tanks but can be adapted to 3 or more 
product tanks as well. The product discharge control system 
of FIG. 3 can be utilized in combination with the product 
discharge system of this disclosure, which is not shown in 
FIG.3. For purposes of explanation and illustration of FIG.3, 
all valves A, B, C, D, E, F, G, and H initially are assumed to 
be closed. For illustration purposes, the product discharge 
sequence is begun by a control signal opening valve B or C. 
The solid product flows from the relatively high pressure 
reactor I into tank J or K, having a lower pressure, beginning 
movement of the Solid particulate product through the right or 
left series of valves and tanks, as depicted, which may also be 
called the East-side and the West-side. Tanks J and K consti 
tute the product tanks and tanks L and M and typically are 
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called blow tanks. Product tanks J and K of FIG. 3 can be 
configured using the control method as disclosed herein and 
illustrated in FIG. 1 (but not illustrated in FIG. 3), to provide 
a highly efficient combination method for optimizing the 
conservation of reactor gases that include monomer. Thus, the 
product manipulation procedure described below that related 
to FIG. 3 is carried out while the method disclosed above for 
maximizing the fill level of the product tank as illustrated in 
FIG. 1 is carried out independently at both product tanks Jand 
K 

I0084 Assuming that it was valve B that was opened to fill 
tank J with product, tank J now has a pressure approximating 
that of reactor I. Valve B is now closed and valve A is opened, 
allowing the pressures in tanks J and K to approach equilib 
rium. Valve A is then closed and valve B is opened, allowing 
the solid material to flow from tank J, where it had previously 
been deposited by the operation of valve B, into tank L. In 
addition to moving solid product, this tends to equilibrate the 
gas pressures in tanks J and L. Valve D is then closed and 
valve E is opened, allowing the pressure in tanks L and M to 
approach equilibrium by moving gas from tank L to tank M. 
Valve E is then closed and valve G is opened, allowing the 
solid to flow from tank L to the product bin N or other 
destination having a lower pressure, which may be a conveyor 
having a controlled pressure. 
I0085. The complete discharge cycle in the product 
removal procedure of U.S. Pat. No. 6.255,411 as shown in 
FIG. 3 will include, after discharge of product, the similar 
movement in turn of product through the west-side or the 
east-side, whichever was used only for gas pressure equaliza 
tion during the first five steps. Thus, after the system moves 
product through tanks J and L as described, additional Solid 
product would now be moved from reactor I to tank K by 
opening valve C, valve C would then be closed and valve A 
would be opened to allow tank K to approach gas pressure 
equalization with tank J. Valve A would be closed and valve F 
opened to cause product to flow into tank M. valve F is closed 
and E opened to cause gas to flow into tank L. from tank M. 
valve E is then closed and H is opened to send product to 
destination P. Thus there are five steps for each of the west 
side and the east-side three product-moving steps with pres 
Sure equalizing steps between the first and second, and the 
second and third. 

I0086. An optional feature shown on only one side of the 
product discharge system in FIG. 3 is a pipe 200 running 
between product tank J and blow tank L. Usually most of the 
product moves quite readily because its movement is assisted 
by a considerable pressure difference. When tank L. 
approaches full, however, and the tank pressures approach 
equal, product movement depends more on gravity, and gas 
flow may tend actually to reverse as the displacement of gas 
by product becomes a significant effect. At this point, valve 
201 may be opened to permit displaced gas to flow from blow 
tank L to product tank J. By permitting the displaced gas to 
flow through line 200, solid product falling from tank J to tank 
L does not have to overcome a counterflow of gas moving 
upwards from tank L, and the solid product movement will be 
accomplished sooner than otherwise would be the case. It is 
desirable not only that the product be moved as quickly as the 
equipment permits, but that the receiving tank be as full as 
possible. The operation of valve 201 may be in response to a 
signal representing a predetermined pressure difference 
between tanks J and L. A similar line and valve can be run 
between tanks Kand M, between reactor I and tank K, and/or 
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between tank J and reactor I. Such lines may be used on both 
sides of the discharge system. Also, movement of Solid prod 
uct through valve G and/or H may be assisted, particularly 
near the end of the operation, by adding gas to tank L or M 
from a source having a higher pressure than the current pres 
sure in destination N or P. 
0087 Thus, in accordance with this aspect of this disclo 
Sure, a method of removing a solid particulate product from a 
fluidized bed reactor, the method comprising: 
0088 (a) providing multiple parallel series of tanks com 
prising a first product tank, a first blow tank, a second product 
tank, and a second blow tank, wherein: 

I0089 (i) each product tank is connected with the fluid 
ized bed reactor through a fill valve and comprises a 
means for emptying and a means for venting: 

0090 (ii) a detector is provided for each product tank to 
provide a response when a solid particulate product fills 
or overfills the product tank to the level of the detector; 

0091 (iii) a control system is provided for each product 
tank in communication with the detector and the fill 
valve and capable of controlling the fill valve; 

0092 (b) for one parallel series of tanks, transferring the 
Solid particulate product together with the gas from the reac 
tor into the first product tank by: 

0093 (i) opening the fill valve for a pre-determined time 
period and transferring the Solid particulate product 
together with gas from the fluidized bed reactor into the 
first product tank; 

I0094 (ii) after the pre-determined time period, closing 
the fill valve and emptying the first product tank; 

0095 (c) while performing (b), transferring solid particu 
late product from the second product tank to the second blow 
tank; 
0096] (d) while performing (b) and (c), transferring solid 
particulate product from the first blow tank to a further des 
tination having a pressure lower than the first blow tank; 
0097 (e) after performing (b), (c), and (d), passing gas 
from the first product tank to the second product tank; 
0098 (f) passing gas from the second blow tank to the first 
blow tank; 
0099 wherein each of (b), (c), (d), (e), and (f) are isolated 
by closed valves from any of the reactor, the product tanks, 
and the blow tanks not necessary for the performance thereof; 
0100 (g) repeating steps (b)-(f) for each remaining paral 

lel series of tanks; 
0101 (h) repeating steps (b)-(g) any number of times and 
for each product tank independently calculating a desired 
adjustment to the pre-determined time period using a control 
algorithm and at least one detector response or absence 
thereof for that product tank, obtained while performing step 
(b) for that product tank; and 
0102 (i) adjusting the pre-determined time period for each 
product tank independently by the desired adjustment using 
the control system. 
0103) When using detectors in the tanks and/or vent lines 
that provide scaled or proportional responses to the presence 
of solid resin, the steps of calculating a desired adjustment to 
the pre-determined time and adjusting the pre-determined 
time period while performing at least one discharge cycle can 
be implemented according to a control algorithm comprising 
the following steps: 
0104 (i) selecting a test period, ts, comprising Suffi 
cient time to perform at least one discharge cycle; 
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0105 (ii) selecting a desired detector response value, 
Rzecz, a minimum acceptable detector response value 
R, and a maximum acceptable detector response value 
RM4x3 
0106 (iii) selecting a number of seconds to decrease (x) 
and a number of seconds to increase (y) the pre-determined 
time period during which the fill valve is open; 
0107 (iv) for the duration of the test period, calculating 
the average detector response, R, following each dis 
charge cycle; 
0.108 (V) following the last discharge cycle of the test 
period, adjusting to the pre-determined time period as fol 
lows: 

0.109 (A) if R,2R, decreasing the pre-deter 
mined time period by X Seconds; 

0110 (B) if Rs.R., increasing the pre-deter 
mined time period by y seconds; and 

0111 (C) if Raw-Rupo-Ratly, making no adjustment 
to the pre-determined time period; 

0112 (vi) repeating steps (iv) and (v) any number of times; 
and 
I0113 (vii) optionally adjusting tres, Rzecz, Ray, 
R X, y, or any combination thereof after any step (V) or at 
any time during a test cycle. 
0114. The particular algorithm(s) and adjustments to the 
parameters trest, Rzaroez, Ruv, Ratax, X, and/ory, include 
at least those that algorithms and adjustments that can be used 
in conjunction with the discharge optimization system on a 
single product tank reactor. 
0.115. In this aspect of the present disclosure, the number 
of parallel series of tanks that can be accommodated is not 
limited to the discharge method of gas equilibration or of 
detecting the fill level of resin in the product tank. Thus, while 
FIG. 3 illustrates two parallel series of tanks and FIGS. 1 and 
2 illustrate the method and apparatus for minimizing the loss 
of the fluidizing gas in a single product tank, two or more 
parallel series of product tanks are encompassed by this dis 
closure. In this aspect, 2, 3, 4, 5, 6, or more parallel series of 
tanks can be utilized. 
0116. The present disclosed process is further illustrated 
by the following examples, which are not to be construed in 
any way as imposing limitations upon the scope thereof. On 
the contrary, it is to be understood that resort may be had to 
various other aspects, embodiments, modifications, and 
equivalents thereof which, after reading the description 
herein, may suggest themselves to one of ordinary skill in the 
art without departing from the spirit of the present disclosure 
or the scope of the appended claims. Thus, other aspects of 
this disclosed process and apparatus will be apparent to those 
skilled in the art from consideration of the specification pro 
vided herein. 
0117. Unless indicated otherwise, when a range of any 
type is disclosed or claimed, for example a range of distance 
or length, percent or frequency, number of discharge cycles, 
or time periods, it is intended to disclose or claim individually 
each possible number that such a range could reasonably 
encompass, including any Sub-ranges encompassed therein. 
For example, when the Applicants disclose or claiman adjust 
ment in time from about 0.1 to about 2 seconds, Applicants 
intent is to disclose or claim individually every possible num 
ber that Such a range could encompass, consistent with the 
disclosure herein. Thus, by the disclosure that a time adjust 
ment can range from about 0.1 to about 2 seconds, Applicants 
intent is to recite that the time adjustment can be about 0.1, 
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about 0.2, about 0.3, about 0.4, about 0.5, about 0.6, about 0.7, 
about 0.8, about 0.9, about 1.0, about 1.1, about 1.2, about 1.3, 
about 1.4, about 1.5, about 1.6, about 1.7, about 1.8, about 1.9, 
or about 2.0 seconds, including any ranges, Sub-ranges, or 
combinations thereof between any disclosed times. Accord 
ingly, Applicants reserve the right to proviso out or exclude 
any individual members of any such group, including any 
Sub-ranges or combinations of Sub-ranges within the group, 
that can be claimed according to a range or in any similar 
manner, if for any reason Applicants choose to claimless than 
the full measure of the disclosure, for example, to account for 
a reference that Applicants are unaware of at the time of the 
filing of the application. 
0118 All publications and patents mentioned in the dis 
closure are incorporated herein by reference in their entire 
ties, for the purpose of describing and disclosing, for 
example, the constructs and methodologies that are described 
in the publications, which might be used in connection with 
the presently described process and apparatus. The publica 
tions discussed above and throughout the text are provided 
solely for their disclosure prior to the filing date of the present 
application. Nothing herein is to be construed as an admission 
that the inventors are not entitled to antedate such disclosure 
by virtue of prior invention. Should the usage or terminology 
used in any reference that is incorporated by reference con 
flict with the usage or terminology used in this disclosure, the 
usage and terminology of this disclosure controls. The 
Abstract of the disclosure is provided herewith to satisfy the 
requirements of 37 C.F.R. S1.72 and the purpose stated in 37 
C.F.R. S1.72(b) “to enable the United States Patent and 
Trademark Office and the public generally to determine 
quickly from a cursory inspection the nature and gist of the 
technical disclosure.” The Abstract is not intended to be used 
to construe the scope of the appended claims or to limit the 
scope of the subject matter disclosed herein. Any use of the 
past tense to describe an example otherwise indicated as 
constructive or prophetic is not intended to reflect that the 
constructive or prophetic example has actually been carried 
Out. 

EXAMPLES 

Examples 1-5 

Discharge Sequence Using a Scaled Response Detector and 
Algorithm 

0119. As illustrated in FIG. 1, a single point nuclear detec 
tor density meter was installed in the lower section of the tank 
vent (G-line) approximately 8-10 inches from the top of the 
product tank. A control system was installed so that it was in 
communication with the detector and the product tank fill 
valve. The controller was programmed with the following 
parameters: tzsz. Rzecz, Ruv, Rally X, and y, where 
trs is the test period and is Sufficient time to performat least 
one discharge cycle; R is the desired detector response 
value, which in this example is a peak density peek: Ray 
is the minimum acceptable detector response value or party: 
R is the maximum acceptable detector response value or 
poly: wherein party and poly define a "deadband 
within which adjustments to the pre-determined time typi 
cally will not be made, X is the number of seconds to decrease 
the pre-determined time period during which the fill valve is 
open; and y is the number of seconds to increase the pre 
determined time period during which the fill valve is open. 
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Example 1 are actual parameters that were used in practice, 
and Examples 2-5 are constructive examples. 
I0120 Discharge was carried out in the usual way, except 
that adjusting the pre-determined time period while perform 
ing at least one discharge cycle was implemented according 
to a control algorithm comprising the following steps. Using 
a tris of one hour, for the duration of the test period, the 
average detector response. R, was calculated following 
each discharge cycle. After the final discharge cycle of the test 
period, the adjusting to the pre-determined time period was 
calculated as follows: 
0121 (A) if R2R decreasing the pre-determined 
time period by X seconds; 
0.122 (B) if RsR, increasing the pre-determined 
time period by y seconds; and 
0123 (C) if Ry-R-R, making no adjustment to 
the pre-determined time period. 
The process was repeated for additional test periods. Typical 
or sample Values oftzsz. Rzecz, Razzy, Rally, X and y are 
illustrated in Table 1. 

TABLE 1 

Actual and Constructive Examples of Product Discharge 
Examples Using a Scaled Response Detector and Algorithm 

Ex- RTARGET RMIN RMAx X y 
ample tTEST PGPEAK) p(MIN) p.max) (Sec) (Sec) 
1 1 hr O.S O.3 0.7 1 O.S 
2 0.5 hr O.60 O45 0.75 0.7 0.5 
(const) 
3 1 hr 1.O 1.1 O.9 0.5 0.2 for 
(const) first 0.5 h, 

then 0.4 
thereafter 

4 0.25 hr for O.S 0.4 O.6 O.S. O.S 
(const) first hour, 

then 1 hr 
thereafter 

5 0.5 hr for O.S O.3 0.7 0.4 0.2 for 
(const) first hour, first 1 h, 

then 0.75 hr then 0.4 
thereafter thereafter 

Example 6 

Constructive Example of Discharge Sequence Using a Binary 
Response Algorithm 
0.124 AS disclosed, a binary response algorithm strategy 
can be employed using a scaled or proportional response 
detector, in which only a binary 'yes-no response is entered 
into the algorithm. 
0.125. As illustrated in FIG. 1, a single point nuclear detec 
tor density meter could be installed in the lower section of the 
tank vent (G-line) approximately 8-10 inches from the top of 
the product tank. A control system containing logic that 
counts the number of times in a given time period (for 
example, 1 hour) that the resin fills the product chamber high 
enough to reach the nuclear density meter and provide a peak 
density could be installed so that it was in communication 
with the detector and the product tank fill valve. Thus, even 
though a proportional response can be obtained from the 
nuclear detector density meter, only the binary response that 
resin solid is, or is not, detected at the level of the detector can 
be used. The controller could be programmed so that if the 
density meter sensed resin in C.9% of the total resin discharges 
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for the previous time period, wherein typically 1 <C.<90, then 
the controller decreased the fill valve open time by a time 
interval B seconds, wherein typically 0.1<B<2.0 seconds. The 
decrease in fill time allowed less time for filling of the tank 
and a lower average peak tank level. The control system also 
could be programmed so that if the density meter did not 
detect product in Y 96 of the total resin discharges for the 
previous time period, wherein typically 1 <y<90 and the time 
period was 1 hour, then the controller increased the fill of the 
tank by increasing the fill valve open time by 6 seconds, 
wherein typically 0.1<ö<2.0 seconds. 
0126. In another aspect the parameters B and 8 which are 
time parameters in the operations described above can be a 
function of (for example, proportional to) the error from the 
desired fill level. 
We claim: 
1. A method of removing a solid particulate product from a 

fluidized bed reactor, the method comprising: 
(a) providing: 

(i) a product tank connected with a fluidized bed reactor 
through a fill valve and comprising a means for emp 
tying and a means for venting: 

(ii) a detector that provides a response when a solid 
particulate product fills or overfills the product tank to 
the level of the detector; and 

(iii) a control system in communication with the detector 
and the fill valve and capable of controlling the fill 
valve; 

(b) performing at least one discharge cycle comprising: 
(i) opening the fill valve for a pre-determined time 

period and transferring the Solid particulate product 
together with gas from the fluidized bed reactor into 
the product tank; and 

(ii) after the pre-determined time period, closing the fill 
valve and emptying the product tank; 

(c) while performing step (b), calculating a desired adjust 
ment to the pre-determined time period using a control 
algorithm and at least one detector response or absence 
thereof obtained while performing at least one discharge 
cycle; and 

(d) adjusting the pre-determined time period by the desired 
adjustment using the control system. 

2. The method according to claim 1, wherein steps (c) and 
(d) are implemented according to a control algorithm com 
prising the following steps; 

(i) selecting a test period, tes, comprising Sufficient time 
to perform at least one discharge cycle; 

(ii) selecting a desired detector response value, R., a 
minimum acceptable detector response value Rix, and 
a maximum acceptable detector response value R. 

(iii) selecting a number of seconds to decrease (X) and a 
number of seconds to increase (y) the pre-determined 
time period during which the fill valve is open; 

(iv) for the duration of the test period, calculating the 
average detector response, R, following each dis 
charge cycle; 

(v) following the last discharge cycle of the test period, 
adjusting to the pre-determined time period as follows: 
(A) if R2R decreasing the pre-determined time 

period by X seconds, 
(B) if RosRay, increasing the pre-determined time 

period by y seconds; and 
(C) if Raw-Rupo-Raux, making no adjustment to the 

pre-determined time period; 
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(vi) repeating steps (iv) and (V) any number of times; and 
(vii) optionally adjusting test, Rzecz, Ray R4 x, y, 

or any combination thereof after any step (V) or at any 
time during a test cycle. 

3. The method according to claim 2, wherein the desired 
detector response value, Rice, is a peak density meter 
value, peek, obtained from a nuclear density meter mea 
Surement. 

4. The method according to claim 2, wherein Xdy. 
5. The method according to claim 2, wherein tris is 

adjusted upward at least one time upon repeating steps (iv) 
and (V). 

6. The method according to claim 1, wherein steps (c) and 
(d) are implemented according to a control algorithm com 
prising the following steps: 

(i) selecting a test period, tes, comprising Sufficient time 
to perform at least one discharge cycle; 

(ii) selecting a desired percentage of discharge cycles, Per 
centracter in which the solid particulate product is 
detected with the detector; 

(iii) selecting a number of seconds to decrease (X) and a 
number of seconds to increase (y) the pre-determined 
time period during which the fill valve is open; 

(iv) for the duration of the test period, calculating the 
percentage of discharge cycles, Percentors in which 
the solid particulate product is detected with the detec 
tor; 

(V) following the last discharge cycle of the test period, 
adjusting to the pre-determined time period as follows: 
(A) if Percentors>Percentrarcer decreasing the pre 

determined time period by X Seconds; 
(B) if Percentors<Percenturger increasing the pre 

determined time period by y seconds; and 
(C) if Percentors-Percentrurozo, making no adjust 
ment to the pre-determined time period; 

(vi) repeating steps (iv) and (V) any number of times; and 
(vii) optionally adjusting test, Percenturger x, y, or 

any combination thereof after any step (V) or at any time 
during a test cycle. 

7. The method according to claim 1, wherein the pre 
determined time period is adjusted to optimize the conserva 
tion of gas in the fluidized bed reactor. 

8. The method according to claim 1, wherein the means for 
venting the product tank is a vent line, and wherein the detec 
tor is capable of detecting the solid particulate product within 
the vent line. 

9. The method according to claim 1, wherein the detector is 
a nuclear density meter, a capacitance probe, a photoelectric 
sensor, an optical density meter, a differential pressure sensor, 
an acoustic sensor, or a vibrating probe. 

10. The method according to claim 1, wherein steps (b) 
through (d) are repeated at least one time. 

11. The method according to claim 1, further comprising: 
within step (c), further determining: 

(i) the time between discharge cycles, and 
(ii) the number of discharge cycles within a known time 

period; and 
within step (d), further using the control algorithm and the 

control system to adjust the pre-determined time period, 
the time between discharge cycles, the number of dis 
charge cycles within a known time period, or any com 
bination thereof, to optimize the conservation of gas in 
the reactor. 
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12. The method according to claim 1, wherein the desired 
adjustment to the pre-determined time period either increases 
or decreases the pre-determined time period from about 0.05 
seconds to about 5 seconds. 

13. A method of removing a solid particulate product from 
a fluidized bed reactor, the method comprising: 

(a) providing: 
(i) a product tank connected with a fluidized bed reactor 

through a fill valve and comprising a means for emp 
tying and a means for venting: 

(ii) a first detector that provides a response when a solid 
particulate product fills or overfills the product tank to 
a first level; 

(iii) a second detector that provides a response when a 
solid particulate product fills or overfills the product 
tank to a second level which is higher than the first 
level; and 

(iv) a control system in communication with the detector 
and the fill valve and capable of controlling the fill 
valve; 

(b) performing at least one discharge cycle comprising: 
(i) opening the fill valve for a pre-determined time 

period and transferring the Solid particulate product 
together with gas from the fluidized bed reactor into 
the product tank; and 

(ii) after the pre-determined time period, closing the fill 
valve and emptying the product tank; 

(c) while performing step (b), calculating a desired adjust 
ment to the pre-determined time period using a control 
algorithm and at least one detector response or absence 
thereof from the first detector, the second detector, or 
both, obtained while performing at least one discharge 
cycle; and 

(d) adjusting the pre-determined time period by the desired 
adjustment using the control system. 

14. The method according to claim 13, wherein the pre 
determined time period is adjusted Such that the Solid particu 
late product is detected with the first detector from about 90% 
to about 100% of the discharge cycles, and the solid particu 
late product is detected with the second detector from about 
0% to about 10% of the discharge cycles. 

15. The method according to claim 13, wherein the pre 
determined time period is adjusted to optimize the conserva 
tion of gas in the reactor. 

16. The method according to claim 13, wherein the means 
for venting the product tank is a vent line, the second detector 
is capable of detecting the solid particulate product within the 
vent line, and optionally, the first detector is capable of detect 
ing the solid particulate product within the vent line. 

17. The method according to claim 13, wherein the detector 
is a nuclear density meter, a capacitance probe, a photoelec 
tric sensor, an optical density meter, a differential pressure 
sensor, an acoustic sensor, or a vibrating probe. 

18. The method according to claim 13, wherein steps (b) 
through (d) are repeated at least one time. 

19. The method according to claim 13, wherein the desired 
adjustment to the pre-determined time period either increases 
or decreases the pre-determined time period from about 0.05 
seconds to about 5 seconds. 

20. The method according to claim 13, wherein the pre 
determined time period is adjusted after step (c) is repeated 
from about 3 to about 20 times. 

21. A method of removing a solid particulate product from 
a fluidized bed reactor, the method comprising: 
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(a) providing multiple parallel series of tanks comprising a 
first product tank, a first blow tank, a second product 
tank, and a second blow tank, wherein: 
(i) each product tank is connected with the fluidized bed 

reactor through a fill valve and comprises a means for 
emptying and a means for venting: 

(ii) a detector is provided for each product tank to pro 
vide a response when a solid particulate product fills 
or overfills the product tank to the level of the detec 
tor; and 

(iii) a control system is provided for each product tank in 
communication with the detector and the fill valve and 
capable of controlling the fill valve; 

(b) for one parallel series of tanks, transferring the solid 
particulate product together with the gas from the reac 
tor into the first product tank by: 
(i) opening the fill valve for a pre-determined time 

period and transferring the solid particulate product 
together with gas from the fluidized bed reactor into 
the first product tank; 

(ii) after the pre-determined time period, closing the fill 
valve and emptying the first product tank; 

(c) while performing (b), transferring solid particulate 
product from the second product tank to the second blow 
tank; 

(d) while performing (b) and (c), transferring Solid particu 
late product from the first blow tank to a further desti 
nation having a pressure lower than the first blow tank; 

(e) after performing (b), (c), and (d), passing gas from the 
first product tank to the second product tank; 

(f) passing gas from the second blow tank to the first blow 
tank; 

wherein each of (b), (c), (d), (e), and (f) are isolated by 
closed valves from any of the reactor, the product tanks, 
and the blow tanks not necessary for the performance 
thereof; 

(g) repeating steps (b)-(f) for each remaining parallel series 
of tanks; 

(h) repeating steps (b)-(g) any number of times and for each 
product tank independently calculating a desired adjust 
ment to the pre-determined time period using a control 
algorithm and at least one detector response or absence 
thereof for that product tank, obtained while performing 
step (b) for that product tank; and 

(i) adjusting the pre-determined time period for each prod 
uct tank independently by the desired adjustment using 
the control system. 

22. The method according to claim 21, wherein steps (h) 
and (i) are implemented for each product tank independently 
according to a control algorithm comprising the following 
steps: 

(i) selecting a test period, ts, comprising Sufficient time 
to perform at least one discharge cycle; 

(ii) Selecting a desired detector response value, Rice, a 
minimum acceptable detector response value R, and 
a maximum acceptable detector response value R. 

(iii) selecting a number of seconds to decrease (X) and a 
number of seconds to increase (y) the pre-determined 
time period during which the fill valve is open; 

(iv) for the duration of the test period, calculating the 
average detector response, R, following each dis 
charge cycle; 
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(v) following the last discharge cycle of the test period, 
adjusting to the pre-determined time period as follows: 
(A) if R2R decreasing the pre-determined time 

period by X seconds; 
(B) if RosRay, increasing the pre-determined time 

period by y seconds; and 
(C) if Raw-Ruto-Ri, making no adjustment to the 

pre-determined time period; 
(vi) repeating steps (iv) and (v) any number of times; and 
(vii) optionally adjusting tres?, Rzecz, Ray R x, y, 

or any combination thereof after any step (V) or at any 
time during a test cycle. 

23. The method according to claim 21, wherein the desired 
detector response value, Rice, is a peak density meter 
value, peak, obtained from a nuclear density meter mea 
Surement. 

24. The method according to claim 22, wherein Xdy. 
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25. The method according to claim 22, whereints is 
adjusted upward at least one time upon repeating steps (iv) 
and (V). 

26. The method according to claim 21, wherein 2,3,4, 5, or 
6 parallel series of tanks are provided. 

27. The method according to claim 21, wherein the pre 
determined time period is adjusted to optimize the conserva 
tion of gas in the fluidized bed reactor. 

28. The method according to claim 21, wherein the control 
algorithm and the control system farther adjust the time 
between each discharge cycle, the reactor parameters, or a 
combination thereof. 

29. The method according to claim 21, wherein the detector 
is a nuclear density meter, a capacitance probe, a photoelec 
tric sensor, an optical density meter, a differential pressure 
sensor, an acoustic sensor, or a vibrating probe. 

c c c c c 


