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(57) ABSTRACT 

The present invention relates to a process for polymerisation, 
and, in particular, to a process for start-up of a gas phase 
fluidised bed polymerisation reaction, said reaction compris 
ing polymerisation of one or more monomers using a catalyst 
in a reactor, and said process comprising: a) providing a 
start-up bed of particles in the reactor in the presence of the 
one or more monomers but in the absence of the catalyst, b) 
introducing catalyst to the reactor to initiate reaction and 
start-up polymer production, said introduction being desig 
nated as time To, c) at a time T, T, being between 1 and 6 
hours after T, the value of X, is less than a threshold value, 
wherein: X-Cumulative production in the time period To to 
T. (Cumulative catalyst injection the time period To to 
T.P.C.), P.C. being the ethylene partial pressure in the 
reactor at the time T., d) Subsequently stopping the injection 
of catalyst, e) taking a corrective action to address the low 
value of X. 
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PROCESS FOR START-UP OFA 
POLYMERISATION REACTION FLUIDISED 

BED 

0001. The present invention relates to a process for poly 
merisation, and, in particular, to a process applicable to start 
up of a gas phase fluidised bed polymerisation reaction. 
0002 Processes for the polymerization of olefins are well 
known in the art. Such processes can be conducted, for 
example, by introducing an olefinic monomer and other 
reagents, such as comonomers, chain transfer agents and inert 
reagents, into a polymerization reactor comprising polyolefin 
and a catalyst for the polymerization. 
0003) A number of different types of catalyst are also 
known for use in polymerisations, including so-called “Phil 
ips' catalysts, Ziegler-Natta catalysts and metallocene cata 
lysts. 
0004 Processes for polymerisation, whilst widely oper 
ated commercially, can be sensitive to many factors which 
affect properties of the reaction, Such as activity, or the prod 
uct, Such as density and Melt Index. For example, impurities 
that affect activity can come from the feedstocks, the start-up 
bed or residual contamination in the reaction loop, but are not 
easily detected by conventional on-line analysers. Thus, even 
when there is plenty of past commercial experience with a 
particular reaction, it is still possible that the particular reac 
tion, when started-up, will not produce the target polymer at 
the targeted, or expected, productivity. Whilst it is generally 
possible, once polymer is being produced, to adjust reaction 
conditions to obtain the desired product properties, overcom 
ing “low activity' can be more complicated. For example, a 
lower activity than expected may be a sign of reactor con 
tamination, and whilst it may be possible to operate with 
slightly reduced activity compared to that expected in some 
cases, in other cases it is necessary to shut-down the reaction 
and clean the reactor prior to starting up the reaction again. 
0005. Further, a reduced activity during start-up may also 
indicate a build-up of unreacted catalyst. If the reason for the 
reduced activity is suddenly removed then there results the 
potential for a Sudden "runaway reaction using the built-up 
catalyst. 
0006. The present invention relates to a process for iden 
tifying Such a situation as early as possible. In general, during 
start-up a reaction mixture is usually introduced into a reactor, 
and catalyst is injected to initiate reaction at an initial rate 
lower than the final desired production. Thereafter, produc 
tion is increased by increasing the rate of catalyst injection, 
over time, to produce the desired final product at desired 
production rate. Inherently, many reaction parameters are 
deliberately varied during start-up. Further, the “natural 
variations seen in polymerisation processes also occur during 
start-up, and even when trying to make a particular product 
that might have been made many times before, no start-up is 
ever exactly the same as a previous one. Therefore, other than 
a complete failure of the reaction e.g. to start at all, it has been 
difficult to identify reactions with more intermediate prob 
lems until after a significant period of time, usually when 
operating at or close to the expected steady state conditions 
for the targeted productivity. 
0007. It has now been found that a polymerisation reaction 
where problems may arise may be identified and stopped 
during start-up. 
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0008 Thus, according to the first aspect, the present inven 
tion provides a process for start-up of a gas phase fluidised 
bed polymerisation reaction, said reaction comprising poly 
merisation of one or more monomers using a catalyst in a 
reactor, and said process comprising: 

0009 a) providing a start-up bed of particles in the 
reactor in the presence of the one or more monomers but 
in the absence of the catalyst, 

0.010 b) introducing catalyst to the reactor to initiate 
reaction and start-up polymer production, said introduc 
tion being designated as time To 

0.011 c) at a time T, T, being between 1 and 6 hours 
after To the value of X, is less than a threshold value, 
wherein: 

Cumulative production in the time period To to T. 
- ( Cumulative catalyst injection the in 

period To to T : P.C. 

0012 P.C. being the ethylene partial pressure in the 
reactor at the time T, 

0013 d) subsequently stopping the injection of catalyst, 
0.014 e) taking a corrective action to address the low 
value of X. 

0015. As noted above, the present invention relates to a 
process for identifying a situation where a particular reaction 
has “started to produce polymer, but is likely to result in “low 
activity” at steady state, by which is meant will not produce 
the target polymer at the targeted, or expected, productivity. 
In the present invention, catalyst injection to these reactions is 
stopped and a corrective action taken to try to address the low 
productivity being achieved during start-up. By identifying 
Such reactions as soon as possible, the amount of time during 
which polymer is not produced at appropriate productivity is 
reduced. 
0016. In particular, the catalyst injection is stopped if the 
value X, is less than a threshold value, wherein: 

Cumulative production in the time period To to T; 
- ( Cumulative catalyst injection the in 

period To to T : P.C. 

0017. The units used for the process of the present inven 
tion are not especially critical, but the polymer production 
and catalyst injection should normally be in the same units of 
mass e.g. kg. Such that they cancel out. X, then has units of 
inverse pressure. Ethylene partial pressure in the process of 
the present invention is conveniently measured in kPa, in 
which case X, is in units of /kPa, although other units can 
equally be used. 
0018. It is a feature of the present invention that polymeri 
sation does initiate and polymer is produced when the catalyst 
is injected. Thus, X, will be greater than Zero. 
0019. A minimum value of X, is not especially critical to 
the invention, but generally it is relatively easy to identify 
reactions that, even though started, have particularly low pro 
duction of polymer, and it is the intermediate activities that 
are harder to identify. Usually X, is at least 0.25/kPa, and 
preferably is at least 0.5/kPa. 
0020. In a first embodiment of the present invention, the 
catalyst injection is stopped if the value X, is less than a 
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threshold value which is itself related to X, wherein X, is 
the targeted Steady state production rate for the particular 
reaction which can be calculated according to the following 
equation: 

tar 

0021. Where: 
0022. Zis the targeted polymer production rate at steady 
State, 
0023 Y, is the targeted catalyst injection rate at steady 
state, and 
0024 PC is the ethylene partial pressure at steady 
State. 

0025. For avoidance of doubt, it should be understood that 
although the targeted production rates and catalyst injection 
rates are referred to as “steady state' such values are unlikely 
to stay completely constant in reality, but will vary with time. 
As a particular example, although a particular production rate 
may be targeted, a plot of production rate versus time will 
likely show significant oscillations, but about a mean value 
which represents the targeted value, and it is this mean value 
which is meant herein by the “steady state' value. 
0026. Such values are preferably derived from past (suc 
cessful) operation of the same reaction in the same reactor, 
and can be equated to "expected values based on said past 
operation. However, it is equally possible, for example when 
first operating a reaction in a particular reactor, that Such 
values may also be calculated from operation in another reac 
tor using experience of the relationships between the two 
reactors e.g. Scaling up a reaction from pilot plant to commer 
cial scale. 

0027. This embodiment of the present invention has the 
advantage that, by comparing to expected operation at steady 
state in a particular reaction, it is applicable to any size of 
reactor and catalyst, even though the absolute values of poly 
mer production rate and catalyst activity can vary widely by 
reaction scale and catalyst type, for example. 
0028. As an example, the threshold value related to X 
may be set as 50% of X. 
0029. However, more generally a particular plant or reac 
tor is likely to have a fairly consistent start-up procedure, at 
least for particular types of catalyst, in which certain param 
eters such as the initial catalyst injection rate relative to the 
expected rate at steady state and the desired start-up ramp 
time are usually the same or similar. Thus, the skilled person 
can readily select a threshold value suitable for operation in a 
particular reactor and/or for a particular catalyst type or start 
up procedure by looking at the values X, typically obtained in 
Successful start-ups in past operation. 
0030 Although this may be used to select a threshold 
value related to X, for a particular reactor, it has surprisingly 
been found, by comparison of a number of start-ups in a 
number of reactors, that it is possible for metallocene cata 
lysts to define a threshold value independent of X. 
0031. Thus, according to a second aspect, the present 
invention provides a process for start-up of a gas phase flui 
dised bed polymerisation reaction, said reaction comprising 
polymerisation of one or more monomers using a metal 
locene catalyst in a reactor having a diameter of 5 m or 
greater, said process comprising: 

0032) a) providing a start-up bed of particles in the 
presence of the one or more monomers but in the 
absence of the catalyst, 

ife; 
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0033 b) introducing catalyst to initiate reaction and 
start-up polymer production, said introduction being 
designated as time To 

0034 c) at a time T, T, being between 1 and 6 hours 
after To the value of X, is less than 2/kPa, wherein: 

Cumulative production in the time To to T. 
F ( Cumulative catalyst injection the in 

period To to T : P. C2 

0035 P.C. being the ethylene partial pressure in the 
reactor at the time T, 

0.036 d) subsequently stopping the injection of catalyst, 
0037 e) taking a corrective action to address the low 
value of X. 

0038. The process of this second aspect of present inven 
tion is particularly advantageous because metallocene cata 
lysts tend to have a faster deactivation profile than other 
catalyst types, and in large scale reactors, by which is meant 
of over 5 m in diameter, the larger scale increases the advan 
tages of identifying “problem reactions earlier. 
0039. Any suitable fluidised bed reactor may be used in the 
process of the present invention. The reactor usually com 
prises a first section, which may also be generally referred to 
as a “fluidisation Zone' and which is generally an upright 
cylindrical section, in which the fluidised bed of particles is 
maintained, above which is provided a second section which 
has an increased cross-sectional area compared to the fluidi 
sation Zone, and which may generally be referred to as the 
“disengagement Zone'. The reactors generally comprise a 
fluidisation grid located at or close to the base of the fluidi 
sation Zone which acts to distribute fluidising gas into the 
reactor, and which acts for a Support for the particles in the 
reactor when the fluidising gas is not flowing. Examples of 
fluidised bed reactors and their operation include U.S. Pat. 
No. 4,588,790, U.S. Pat. No. 4,543,399, EPO 475 603 and EP 
O 855 411. 
0040. In general, steps (a) and (b) in the processes of the 
present invention represent essentially conventional start-up 
processes for a fluidised bed polymerisation reaction. 
0041. Thus, in step (a) the start-up bed of particles is 
usually introduced and then fluidised with a gas stream com 
prising the one or monomers, at reaction pressure, and heated 
to approximately the reaction temperature. The start-up bed is 
preferably inactive for polymerisation, such that polymerisa 
tion only occurs when catalyst is injected in step (b). 
0042. In step (b) the catalyst is injected and reaction starts 
to produce polymer. 
0043. In general operation it is possible that reaction does 
not start when catalyst is injected. Such a problem is, obvi 
ously, very easy to identify. The process of the present inven 
tion does not relate to Such situations but to a situation where 
reaction does start initially, but problems are only normally 
identified much later. 
0044) Typically, in step (b) catalyst is injected to initiate 
reactionata rate.Y., relative to the expected catalyst injection 
rate at steady state.Y.. Typically, Y, is equivalent to between 
10% and 70% of Y. Productivity is then increased by 
increasing the rate of catalyst injection, overtime, to the value 
Y. In conjunction, the rate of production of polymer 
increases, as correspondingly does the heat generated in the 
reaction 
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0045. This start-up process or start-up ramp is typically 
intended to take place over a time period, T, which is 
defined herein as the planned time from To until the catalyst 
injection rate is equal to the expected catalyst injection rate at 
steady state Y. Typically this period is in the range 4 to 48 
hours. 
0046. In steps (c) and (d) the catalyst injection is stopped 
because at a time T, between 1 and 6 hours after the initial 
injection of the catalyst, the value X, is less than a threshold 
value, wherein 

Cumulative production in the time period To to T. 
- ( Cumulative catalyst injection the in 

period To to T : P. C2 

0047. It has been found that the use of the cumulative 
production and the cumulative catalyst injection for the 
period To to T, results in a Smoothing of the productivity 
profile. In contrast the absolute values of either the production 
or catalyst injection rates are prone to significant oscillations. 
0048. The cumulative production rate is suitably calcu 
lated by taking the total feed rate to the reactor (ethylene, 
comonomer, hydrogen etc.) minus the reactor purge flow, and 
integrating by time the result over the time period To to T. 
0049 Similarly, the cumulative catalyst injection is sim 
ply the catalyst injection rate integrated by time over the time 
period To to T. 
0050. As noted above, for metallocene catalysts in a rela 
tively large scale reactor it has been found that it is possible to 
operate the process of the present invention by selecting a 
threshold value independently of the expected steady state 
production rate. 
0051. It is desired to select the particular time, T, at which 
X, is to be compared to the threshold value, which is suffi 
ciently after the time To for sufficiently accurate productivity 
data to have been generated, but early enough to identify any 
potential concerns as quickly as possible. Hence a time within 
the time periodT, of 1 to 6 hours is used in the process of the 
present invention.T, is preferably at least 2 hours. 
0052. In one embodiment, particular with a relatively 
short planned start-up ramp, the time, T. can also be related to 
T, which is defined as the planned time from To until the 
catalyst injection rate is equal to the expected catalyst injec 
tion rate at steady state Y. By “relatively short planned 
start-up ramp” is meant a ramp with an expected T in the 
range 4 to 12 hours. In this embodiment, T, is preferably less 
than half of T. 
0053 Alternatively, it is generally suitable to select a spe 

cific time, T, which is sufficiently after the time To for suffi 
cient productivity data to have been generated for all opera 
tions. For a particular plant or reactor the skilled person can 
readily select a Suitable time based on Successful start-ups in 
past operation. 
0054 Nevertheless for most start-up operations, a particu 
larly suitable time, T, is four hours. 
0055 One particular advantage of the process of the 
present invention is that the process operates by using rela 
tively simple parameters (polymer production rate, catalyst 
injection rate, ethylene partial pressure) which are already 
measured by conventional reactor instruments. Thus, the pro 
cess may be easily applied on existing units as well as on new 
polymerisation reactors. 
0056. In step (d) the injection of catalyst into the reaction 

is stopped. 
0057. It is not necessary to stop injection of the catalyst 
straight away in the process of the present invention, but any 
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delay is generally a delay in the taking of corrective action in 
step (e), and therefore a waste of otherwise potentially valu 
able run-time. Preferably, the injection of catalyst is stopped 
within 3 hours of the time T, more preferably within 1 hour of 
the time T, and most preferably essentially immediately after 
T., by which is meant within 10 minutes of the time T. 
0058. It should be noted that stopping injection of the 
catalyst will not lead to an immediate stopping of polymeri 
sation, but productivity in the reactor will decrease with time 
once further catalyst injection is stopped and as the catalyst in 
the reactor reduces. 
0059. It is desirable to maintain the other reaction condi 
tions in the reactor, Such as the reaction temperature and 
pressure, and the fluidising gas Velocity and composition, at 
least whilst the productivity initially reduces. 
0060. In step (e), a corrective action is taken to address the 
low value of X, obtained in step (c). In general, the corrective 
action will depend on the particular reaction, but will usually 
involve introduction of one or more Scavengers into the reac 
tor to react with impurities and contaminants in the reactor 
which have been inhibiting the catalyst. As an example, in 
reactions in which alkyl aluminiums are usually added with 
the catalyst, a typical corrective action would be to inject 
additional alkyl aluminium into the reactor. 
0061. Other corrective actions could include: 

0062 1) partially or completely venting hydrocarbons 
from the gas loop (recycle loop), optionally with purg 
ing, for example pressure purging, of the gas loop, and 
Subsequently recomposing a “new gas phase before 
restarting, 

0063. 2) removing and replacing the start-up bed. 
0064. The corrective action may be commenced anytime 
after catalyst injection has been stopped in step (d). For 
example, the corrective action may be commenced essen 
tially immediately. Alternatively, the corrective action may be 
performed after allowing the productivity to reduce by a 
suitable amount, for example to less than 50% of the produc 
tivity before catalyst injection is stopped, or after the produc 
tion rate has reduced to zero, or is otherwise deemed to have 
effectively stopped, which may be considered, for example, 
as less than 10% of the production rate before catalyst injec 
tion is stopped. 
0065 Typically, after the corrective action in step (e), the 
present invention may further include, as step (f), reintroduc 
ing catalyst into the reactor and recommencing the start-up 
process. In a particularly preferred embodiment, the reintro 
duction of catalyst is considered as equivalent to step (b) and 
designated as time To, and if the value of X, is still not at least 
equal to the defined threshold the process of steps (c) and (d) 
is repeated. The process of the invention may be repeated in 
this way until the productivity is in excess of the defined 
threshold at the time T, or until it is decided to completely 
terminate the reaction. 
0066. The present invention will now be illustrated by 
reference to the following Examples and FIGS. 1 to 3, where: 
0067 FIGS. 1 and 2 present the relationship between 
activity (measured as temperature differential (DT)) and 
cumulative catalyst consumption after catalyst injection in 
two experiments, and 
0068 FIG. 3 presents plots of the value of Xi, as defined 
hereinversus time, T., after catalyst injection for the same two 
experiments. 

EXAMPLES 

Example A 
0069. Ethylene is polymerised with 1-hexene as comono 
merina 5 metre diameterfluidised bed reactor, at a bed height 
of 16 m and using a metallocene catalyst. 
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0070 A start-up bed of polymer particles is fluidised by a 
gas mixture of ethylene, 1-hexene, hydrogen, n-pentane and 
nitrogen (balance), at a temperature of 76° C. and a total 
pressure of 20 bar (2 MPa). The ethylene partial pressure was 
12 bar (1200 kPa or 1.2 MPa). The pentane partial pressure 
was 2.4 bar, the 1-hexene to ethylene pressure ratio was 
0.006, and the hydrogen to ethylene pressure ratio was 
0.0027. The fluidisation velocity was 0.59 m/s. 
0071. After establishing the fluidised bed, the catalyst was 
injected into the reactor to initiate reaction. Activity was 
monitored by measuring the temperature differential (DT) 
between the top of the bed and the fluidising gas inlet. A plot 
of this versus cumulative catalyst consumption is shown in 
FIG. 1. The plot shows a steady increase in DT with catalyst 
consumption (and hence with time). FIG. 1 also shows a 
linear fit, which results in a line with a gradient of 0.54. The 
plot represents approximately the first 10 to 12 hours of 
operation, and is essentially what would be considered a 
typical ramp based on previous experience with this system, 
raising no concern for alarm. 
0072 However, the run failed to subsequently reach 
expected steady state operation, and severe agglomeration 
was experienced meaning that the reaction had to be stopped. 

Example B 
0073. After the reaction of Example A was stopped, the 
bed was removed and replaced. The start-up bed was fluidised 
under the same gas phase composition and operating condi 
tions initially as in Example A, but an additional dose of 
Scavenger was used in the reactor prior to catalyst injection. 
0074 Activity after catalyst injection was again moni 
tored by measuring the temperature differential (DT) 
between the top of the bed and the fluidising gas inlet. A plot 
of this versus cumulative catalyst consumption is shown in 
FIG. 2. The plot again shows a steady increase in DT with 
catalyst consumption (and hence with time). This time the 
linear fit has a gradient of 0.46. The plot again represents 
approximately the first 10 to 12 hours of operation, and is 
again essentially what would be considered a typical ramp 
based on previous experience with this system, raising no 
concern for alarm. In fact, if anything this ramp appears 
slightly worse than the Example A. 
0075. However, in this case the run reached expected 
steady state operation without agglomeration or any other 
problems. 
0076 For both of the above Examples, the value of Xi, as 
defined herein, was Subsequently plotted against time, T., 
after catalyst injection. The results are shown in FIG. 3. 
0077 Although the reactions appeared essentially equiva 
lent when comparison was made between DT (activity) and 
cumulative catalyst consumption (FIGS. 1 and 2), FIG. 3 
clearly shows a distinction between the experiments. In par 
ticular, the calculation of the present invention shows that 
Example A produced a value Xi of only just over 1/kPa, which 
was approximately constant with time. In contrast, Example 
B produced a rate initially about 2/kPa, and which increased 
above 2/kPa at about 2 hours after catalyst injection, and 
stayed above 2/kPa thereafter. (This experiment reached a 
value of Xi, at steady state, of approximately 2.7/kPa.) 
0078 Thus, FIG. 3 clearly shows that the method of the 
present invention is able to distinguish between “good” and 
“poor runs at an early point in the process, whereas a more 
“conventional process monitoring would not have identified 
the distinction. 
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0079. Using the process of the present invention with, for 
example, a T, of four hours. Example A would have at that 
point in time been identified as being “poor due to the low 
value of X. 
0080. In the process of the present invention, at that time 
injection of the catalyst would have been stopped and correc 
tive action taken, saving the time and cost that was Subse 
quently required before Example A was actually identified as 
a poor experiment. 
I0081. The experiment of Example B (or at least an equiva 
lent thereof) could then have been commenced earlier, bring 
ing the reactor to its required operation Sooner (and when the 
process of the present invention was applied to the experiment 
of Example B it would have been identified as a “good” 
experiment and continued). 

1-6. (canceled) 
7. A process for start-up of a gas phase fluidised bed poly 

merisation reaction, said reaction comprising polymerisation 
of one or more monomers using a catalyst in a reactor, and 
said process comprising: 

a) providing a start-up bed of particles in the reactor in the 
presence of the one or more monomers but in the 
absence of the catalyst, 

b) introducing catalyst to the reactor initiate reaction and 
start-up polymer production, said introduction being 
designated as time To 

c) at a time TT, being between 1 and 6 hours after To the 
value of X, is less than a threshold value, wherein: 

Cumulative production in the time period To to T. 
i ( Cumulative catalyst injection the time re 

To to T : P. C2 

P.C. being the ethylene partial pressure in the reactor at 
the time T. 

d) Subsequently stopping the injection of catalyst, 
e) taking a corrective action to address the low value of X. 
8. A process according to claim 7, wherein the value of X, 

is less than a threshold value related to X., wherein 
X, Z/(Y.*PC2), 
where 
X is the targeted steady state production rate for the 

particular reaction, 
is the targeted polymer production rate at Steady state, 
is the targeted catalyst injection rate at steady state, 

and 
PC is the ethylene partial pressure at steady state. 
9. A process according to claim 8 wherein the threshold 

value is 50% of X. 
10. A process according to claim 7 wherein the reaction 

comprises polymerisation of one or more monomers using a 
metallocene catalyst in a fluidised bed reactor having a diam 
eter of 5 m or greater, and the reaction is stopped if the value 
of X, is less than 2/kPa. 

11. A process according to claim 7 wherein T, is four 
hours. 

12. A process according to claim 7 wherein the reaction is 
stopped within 3 hours of the time T. 
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