
Korean o r. Chem. Eng., 18(4), 561-566 (2001) 

The Slug Flow Behavior of Polyethylene Particles Polymerized 
by Ziegler-Natta and Metallocene Catalysts 

Hongil Cho, Guiyoung Han + and Guiryong Ahn* 

Department of  Chemical Enginering, S u n g ~ a n  University, Suwon 440-746, Korea 
*Hanwha Petrochemical Co., Ltd, Daejeon 305-345, Korea 

(Received 5 March 2001 * accepted 10 May  2001) 

Abstract-We investigated the flow behavior of polyethylene parfides polymerized by Ziegler-Natta catalyst and 
Metallocene catalyst. The employed polymer particles were linear low-density polyethylene (LLDPE), and average 
particle size was 600 gin. Different flow behavior of polymer particles in a fluidized bed was observed with different 
polymerization catalysts in the bubbling and slugging flow regimes. The flow behavior detennined from the pressure 
drop fluctuation in the lower and upper section of the bed was analyzed with statistical methods. 
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INTRODUCTION 

A large portion of polyethylene has been manufactured in a gas- 
phase fluidized bed reactor that commonly employs Ziegler-Natta 
catalyst. Recently, new c ~ l y s t  has been investigated for the good 
mechanical, chemical and processing properties of polyethylene 
resins. The homogeneous organometallic catalyst has advantages 
over Ziegler-Natta catalyst in the polymerization process for much 
easier control of co-monomers intloduction and molecular weight 
disNbutions. After the first commercial scale success of Exxon's 
LDPE production with metallocene catalyst in 1991, several chemi- 
cal comlmnles produced the PE with metaUocene catalyst since thei~ 
Nowadays, the metaUocene catalysts are designed and tested as the 
improved catalyst for the manufacturing of polyethylene in the fluid- 
ized bed reactors. Since physical properties such as particle size dis- 
tributiom, imrticle shape and particle dellsity are related to proper- 
ties of the polymerization catalysts, the hydrodynmnics of polymer 
particles in a fluidized bed polymerization reactor would be differ- 
ent with the catalyst type. Only a few researches have been carried 
the flow behavior of polymer particles in a fluidized bed [Jiang et 
al., 1994; Cho et al., 2000]. In general, the gas-phase olefin poly- 
merization in the fluidized beds operated at the gas velocity of U,= 
3.0-6.0 U,~yand at these gas velocity rages  the flow regime would 
be bubbling and slugging regimes [Mcauley et al., 1994]. Therefore, 
it is essential to understand the slugging phenomena in the fluid- 
ized bed. 

The objective of this study is to examine the flow behavior of 
polyethylene particles polymerized by the Ziegler-Natta catalyst 
(PE-ZN) and the Metallocene catalyst (PE-MT). From the pres- 
sure fluctuations signals in a fluidized bed, several statistical meth- 
ods are employed to analyze the characteristics of flow regimes in 
conjunction with particle properties determined by different types 
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of catalysts. 

EXPERIMENTAL 

The experimental test set-up is shown in Fig. 1. The fluidi2 
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Fig. 1. Schematic diagram of experimental test set-up. 
1. Blower 7. Disengaging section 
2. Filter & Regulator 8. Cyclone separator 
3. Rotameter 9. Pressure tap 
4. Calming section 10. Pressure ~nsducer 
5. Distribution plate 11. A/D converter 
6. Fluidizafion column 12. PC 
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bed column was made of acrylic pipe of 0.07 m I3) and 0.5 m in 
height and was connected to the cyclone. The disengaging seclion is 
located between the fluidized bed colulml and the cyclone as shown 
in Fig. 1 and was designed to simulate the dimensional similarity 
of commercial fluidized bed reactor of the UnipoI process. Air is 
supplied fi'om the compressor and flows to calibrated flow meter 
and is introduced to the bottom of the bed through the perforated 
distfibutoi: The static bed height was 75% of the bed volume and it 
was about 0.37 m above the distributc~: Three differential pressure 
ttansducers were mounted at the lower and upper section of the bed 
in order to measure bcal  pressure &op in the bed, and the other 
one was employed to measure the pressure drop of the overali beck 

Table 1. Physical i)roperties of  pol)aner particles (LLDPE) 

Properties 

Polymer particle 
polymerized by 

Metallocene Ziegier- 
cat. Natta cat. 

Particle diameter, tip 

Particle density, p, 

Particle bulk density, Pb 

Voidage at incipient fltfidization, ~o/ 
Minimum fltfidization velocity, U,of 

0.554 m 0.542 m 
800 kg/m 3 750 kg/m 3 

500 kg/m 3 350 kg/m 3 

0.43 0.48 
0.09 nVs 0.07 nVs 
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Fig. 2. Histogram of particle size distribution of polymer particles. 

The Iower section of the bed was defined where the pressure taps 
were located between the 0.14 m and 0.19 m above the distributor, 
mid the upper section of the bed was defined where the pressure 
taps were located between 0.28 m mid 0.33 m above the distffou- 
tor. The overall pressure drop of the bed was measured through the 
pressure taps located between 5 cm and 0.40m above the distffou- 
tor. The measured pressure drops at the lower, upper and overall 
bed were tiansfea'ed to a data acquisition ~i i t  and stored on a per- 
sonal computer. The sampling 1ate ofpressta'e &op was 100 Hz mid 
sampling lime was 80 seconds after the fluidized bed reached steady- 
state. Therefore, 8,000 pressure signals were collected for each run. 

The opeI, ting gas velocity covered the 1.2-5.0 U,,/i~lges, and slug 
flow was observed for those gas velocity ranges. 

The Hanwha Petrochemical Ltd, Korea, provided the LLDPE 
powders polymerized by Ziegler-Natta and MetaIIocene catalysts. 
The physical properties and the particle size distribution of LLDPE 
particles employed m this study are given m Table 1 and Fig. 2, re- 
spectively. 

STATISTICAL ANALYSIS O F  
PRESSURE D R O P  SIGNALS 

In order to anaIyze the time series of pressure drop fluclnation in 
a slugging fluidized bed, several classical statistical methods for 
signal were employed. 
1. Average Absolute Deviation (AAD) 

As a measure of the amplitude of the signal, the average abso- 
lute deviation of the signal ~om its average is used. As the probabil- 
ity distributions of the pressure fluctuation are not at all similar to 
the normal disbJbuticil, the linear measure of absolute deviation is 
considered to be a better measure than the standard deviation [Stap- 
pen et al., 1993]. 

I iF 
AAD : ~ l x ,  ~ (I) 

2. Pn)bability Density Function, Pn)bability Distribution Func- 
tion 

For a continuous stationay random variable x(t), its probability 
density function f~)(x) and probability disttibution function F~i>(x) 
can be calculated as: 

f,<,>(x)Ax~limI~(AT) (2) 

F.,,/x) --- j[. f.,,/x)dx (3) 

where T represents the totaI sampling time. 
The probability deIxsity fiinction itself showed the characteristic 

propelties of the pressure fluctualions, and the distribulion of meas- 
ured signals and the probability distribution function is a cumula- 
tive fLmction of probability density function [Fan et al., 1981]. 

RESULTS A N D  DISDUSSIONS 

1. Incipient of  Slug Flow 
The pressure fluctuation sigilal measured in a fluidized bed gives 

a great deal of information in understanding the flow behaviors of 

Ju~, 2001 



Flow Behavior of Polyethylene Particles 563 

2.5 

Upper section of the bed 

U/U~ = 2 0  2,0 

15  

a. 1,0 

U/Un.,~. = 3.0 
2,0 

~" 1,5 

1.0 

UIUm~ = 3 8 
2,0 

1.0 

.5 

2.0 U/U,,.~= 43 i 

o_ 1.0 

5 

0.0 

0 10 20 30 40 50 60 

Time [sec] 

Fig. 3. Pressure  fluctuation signals at different gas velocity for the 
particles of PE-ZN at the upper section of the bed. 
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Fig. 4. l~'essm'e fluctuation signals at different gas velocity for the 
pai~icles of PE-MT at the upper section of the bed. 
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particle. Fig. 3 and Fig. 4 showed the pressure fluctuation measured 
in the upper section of the bed with particles of PE-ZN (polymer- 
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Fig. 5. Probability density function at different gas velocity for the particles of PE-ZN at the upper section of the bed. 
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Fig. 6. Probability density function at the different gas velocity for the particles of PE-MT at the upper section of the bed. 

velocity of U~ 2.0 U,,74.3 U,,,~ we can easily see the different flow 
behavior of polymer particles with different polymerization cata- 
lysts. The polymer particles of PE-IvIT showed linger pressure fluc- 
tuations than that of polymer particles of PE-ZN. By comparison 
of Fig. 3 and Fig. 4, polymer particles ofPE-MT approadl the slug- 
ging flow regime atthe lower gas velocity than the polymer particle 
of PE-ZN. It also showed that pressure fluctuations were very regu- 
lar for PE-MT particles. One reason for this taifonn peritxtic pres- 
sure fluctuation for PE-MT particles may be a result fiorn the nap 
row particle size distributions. It is known fact that a powder with 
a wide size distribution fluidized more smoottfly than a powder hav- 
itlg a IlaITow size range. This implies less vibration of the bed and 
iess tendency to slug due to smaller bubble sizes promoted by the 
wide size distribution. 

In order to get more quantitative intbn-nation for measured pres- 
sure fluctuation signals shown in FN. 3 and FN. 4, these siglnaI data 
were converted to probability density fanction as shown in Fig. 5 
and FN. 6 for PE-ZN and PE-IvIT, respectively. The probability den- 
sity function gives information on the dominant pressure drop dur- 
ing the fluidization [Fan et aI., 1981] and when slugging occurred, 
the probability density function showed a wide s p e c ~  of pres- 
sure drops due to altemating flow of solid and gas phase. Fig. 5 in- 
dicates that the polymer particle of PE-MT approached the slug- 
ging flow regime atthe gas velocity ofUg=2 U,,~ while fi-om Fig. 6, 
the polymer particles of PE-ZN showed the beginning of slugging 
at the gas velocity ofUg=3.8 U,,s The superficial gas velocity for 
the onset of slvggmg was different for the particles of PE-ZN and 
PE-M21 From the data of the probability density fianction shown in 

Fig. 5 and Fig. 6, it was observed that the trm~sition fiorn bubbling to 
sIugging regimes occurred at the higher gas velocity for the particles 
of PE-ZN in spite of similm-particle size and density. The explana- 
tion for this phenonlenon may result fi-om the narrow particle size 
disttibudon and higher bulk density of particles of PE-IvlT. There- 
fore, probability density function can be another measure for the 
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Fig. 7. Dominant slug fi'equency as a function of gas velocity for 
different polymer particles. 
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analysis of pressure signals from the fluidized bed. 
2. Slug Frequency 

The slug frequency for polymer particles of PE-IV1T and PE-ZN 
was measured from the pressure signals with different gas veloci- 
ties and is shown m Fig. 7. As can be seen in Fig. 7, the slug fi'e- 
quency is found to decrease with an increase in gas velocity, and it 
appears to appi~)ach a lhniting value of 1.0 Hz. Sv obcxJa et al. [1984], 
Dimittia et al. [ 1997] and Satija and Fan [ 1985] also found that the 
dominant frequency was independent of gas velocity as the gas ve- 
Iocity increased for the Geldart B particles and Geldart D particles, 
respectively. For the Geldart B particle, the limiting frequency was 
1.7 Hz [Svobcx:la et aI., 1984] and 0.9 Hz for Geldart D particles 
[Dimit~a et al., 1997; Sajita and Fan, 1985]. Therefore, it indicated 
that the limiting dominant frequency is dependent on paticle type. 
At low gas velocity, the slug fi-equency of the particles of PE-ZT 
showed higher values than that ofparticles of PE-IVIT. From visual 
obsenration, we found that for the paticles of PE-ZN, the shape of  
slug was axial slug, and for tiffs type of slug it is known that the 
wall effect is less severe than for wall slug, so in this case the slug 
formed more fi-equently and easily broke-up. Therefore, the slug 
sbape at the lower gas velocity results in the difference of slug fi-e- 
que~lcy for the particles of  PE-ZN and PE-MT. 

The maximonl slugging velocity, which represents the bansition 
velocity from the slugging flowto the 0arbulent flow, was found to 
be Ue/U,,/--3.0 for the PE-MT and UJU,,F-5.3 for the PE-ZN. This 
means that PE-ZN tlas a wider slug regime than that of PE-IVIT. 
This phenomenon was also observed fi-om the AAD values shown 
in Fig. 8. As can be seen, the absolute average deviation of pres- 
sure &op has the maxim~-n value at Ug=3.0 U, S o r  the particles of 
PE-MT and Ug = 5.5 U,,s for the particles of PE-ZN. Therefore, this 
showed further evidence that particles of PE-ZN have a wider slug 
regime than particles of  PE-MT. 

The probability dislribntion f~ction was employed to detemline 
the mean of the flucmatit~g signal. Fig. 9 shows the c~-nulative pro- 
bability dislributic~ fi~ction obtained at the limiting sluggiug veloc- 
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Fig. 8. Absolute average deviation (.4~&D) of pressm'e fluctuation 
at the lower section of the bed as a function of gas velocity 
for different polymer particles. 
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Fig. 9. Probability distribution function at the upper section of the 
bed for different pol3aner particles. 

ity in upper section of the bed From Fig. 9, it was obsen,ed that 
the mean of the pressure drop, which can be found from the X-axis 
of the F~0 ) (0.5), was 80 Pa for PE-ZT and 200 Pa for PE-IV1T. The 
explanatic~l for the higher pressure drops in the slugging regime 
for PE-MT may come from the different slugging flow in the beck 
From the previous discussions, we found that PE-MT Ires more per- 
icxiic nature of slugging behmrior and higher fi-eque~lcy of slug flow 
in the slugging regime for PE-ZN. 

For a slugging bed, the pressure drop is a combination of pa-- 
ticle-particle, particle-wail interaction mad the e~lergy required to 
accelerate a solid-slug to its temlinaI velocity. It was expem-nen- 
tally found that the pressure drop appeared to be largely due to the 
transfomlaticn and eventual dissipation of the potential energy de- 
veloped by the zising solid slugs, and appeared to be independent 
of the extent of particle-partide and palicle-wall frictional interac- 
tic, is [Chen et al., 1997]. Therefore, the Ngh pressure losses for PE- 
NIT results fi-om the potenEal energy by the rising slugs, and the 
frequent fiequency of slug flow required more energy for develop- 
ing the slug. Howevei; it is not clear at this point why the particles of 
PE-MT cause more frequent slugs and more pericxtic motions of 
slugs fllan the t~licles of PE-ZN in the slugging regime. We guessed 
that the physical properties and mc~phology of the LLDPE poly- 
merized by different catalysts such as dielectric cor~stant, p~rticle 
size distribution, sphelicity, and surface hardness may cause tile dif- 
ferent flow behavior m the slugging regime. 

Future work requires that tile effect of pailicle size disttibutic~l, 
dielectric constant, sphericity and paracle surface property of tx)Iy - 
meric l:articles on tile flow behavic~ should be tile next research 
subject for the better understanding of slugging in the fluidized bed 
polymerization reactors. 

CONCLUSIONS 

The slug flow behavior of 0.55 mm polyethylene palicles poly- 
merized by Ziegler-Natta and MetalIccene catalysts was investigated 
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in a fluidized bed of 0.07 m ID and 0.5 m m height The time series 
of pressure drop d~ta during the slugging flow were analyzed through 
statistical methods. 

The polymer particles of PE-MT showed lager pressure fluctu- 
ations than that of polymer particles of PE-ZN and also showed very 
~n_iform pe~-iodic pressure fluc~a~a' tion &umg the slugging flow. The 
onset of slugging occurred at the gas velocity of U~=3.8 U~/for the 
particles of PE-ZN and Us=2.0 U,~:-for the particles of PE-MT. The 
slug frequency was found to decrease with an increase m gas ve- 
locity, and it approached to a limiting value of 1.0 Hz for both par- 
ticles. However, at low gas velocity, more fi'eque~lt slug flow was 
observed for the particles of PE-MT. The mean pressure drop dar- 
ing sluggfflg flow was 80 Pa for particles of PE-ZN and 200Pa for 
PE-MT. From tins study it was concluded that in spite of similar 
pmScle size and panicle density, the different slug flow behavior 
was observed due to different polbanerizatlon catalysts. Tiffs observed 
different slug flow behavior may result fi'om the particle size dis- 
tributic~, particle bulk density, sphericity, particle hardness and so 
Oil. 

NOMENCLATURE 

f, 

F~(,>(x) 
N 
u~ 
u,o~ 
X~ 

T 

: dominant slugging frequency [Hz] 
: probability density fimction [-] 
: probability distribution function [-] 
: total sm-npling nmnber [-] 
: superficial gas velocity [m/sec] 
: minimmn fluidizationvelocity [m/sec] 
: random variable [pa] 
: total sampling thne [s] 

AP : pressure drop [pa] 
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