
Korean J. Chem. Eng., 19(6), 1112-1116 (2002)

nt
 out
ed
02].
op-

es

b-
sing
 of
ly-

/s)
ces
 am-
res-

0.5
(the
gag-
id-
nd
bot-
pes
trib-
butor
ber.
 in
ffer-
utor
1112

†To whom correspondence should be addressed.
E-mail: gyhan@skku.ac.kr
‡This paper is dedicated to Professor Dong Sup Doh on the occasion of
his retirement from Korea University.

Pressure Fluctuation Characteristics of Polyethylene Particles
in a Gas-Solid Fluidized Bed with Different Distributors

Dong Hyun Yang, Dong Hyun Lee and Gui Young Han†

Department of Chemical Engineering, SungKyunKwan University, Suwon 440-746, Korea
(Received 3 May 2002 • accepted 27 September 2002)

Abstract−−−−The effects of gas velocity (0.10-0.68 m/s), distributor geometry (opening area ratio, number of orifices
and hole sizes) and the particle size distribution (wide and narrow) of polyethylene on the pressure fluctuation of the
distributor and the local pressure drop in the beds have been determined in a gas-solid fluidized bed of 0.07-m I.D.
and 0.7 m in height. The mean amplitude and the normalized standard deviation of the local pressure drop were
determined by analyzing pressure fluctuation in the bed. The variation of the mean amplitude of the local pressure drop
with the gas velocity is independent on the different distributors. The normalized standard deviation of the local
pressure drop increased with increasing the ratio of the excess gas velocity to the minimum fluidization velocity and
the lumped parameter of the distributor, hD. Also, the normalized standard deviation of the local pressure drop of poly-
ethylene polymerized by Metallocene catalyst (narrow) is higher than that of polyethylene polymerized by Ziegler-
Natta catalyst (wide).
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INTRODUCTION

Polyethylene (PE), which has been manufactured commercially
for about seventy years, is now produced in more than forty coun-
tries around the world. Among commodity polymers, the annual
production of PE is the first. In 1998 the total low-density-polyeth-
ylene (LDPE) production was estimated to be about 30 million tons
worldwide, and its market demand has been increasing gradually.
PE is expected to maintain its position as the first most widely used
thermoplastic material in the longer term due to its unique chemi-
cal and physical properties. Union Carbide developed a unique and
versatile fluidized bed process, called UNIPOLTM process, for pro-
ducing linear-LDPE (L-LDPE), which is rapidly replacing conven-
tional processes throughout the world [Kunii and Levenspiel, 1991].
The UNIPOLTM process is used in 84 polyethylene reactors and 32
polypropylene reactors worldwide by themselves and licensees [Bur-
dett et al., 2001]. A fluidized bed reactor can be utilized for the gas-
phase fluidization of ordinary polymer resin such as L-LDPE since
no separation is needed between products and catalyst [Lee et al.,
2001]. A large portion of PE has been manufactured in a gas-phase
fluidized bed reactor that commonly employs Ziegler-Natta cata-
lyst. Recently, new catalyst has been investigated for good mechan-
ical, chemical and processing properties of PE resins. The homo-
geneous organometallic catalyst has advantages over Ziegler-Natta
catalyst in the polymerization process from much easier control of
co-monomers introduction and molecular weight distributions [Cho
et al., 2001]. Since physical properties such as particle size distri-
bution, particle shape and particle density are related to properties
of the polymerization catalysts, the hydrodynamics of polymer par-

ticles in a fluidized bed polymerization reactor would be differe
with the catalyst type. Only few researches have been carried
regarding the flow behavior of polymer particles in a fluidized b
[Jiang et al., 1994; Cho et al., 2001, 2002; Lee et al., 2001, 20
In general, gas-phase olefin polymerization in fluidized beds is 
erated at a gas velocity of Ug=3.0 to 6.0 Umf and at these gas velocity
ranges the flow regime would be bubbling and slugging regim
[Mcauley et al., 1994].

In producing polymer materials in a fluidized bed reactor, bu
ble size usually increases rapidly to become slugs with increa
gas velocity. Therefore, it is very important to have knowledge
pressure fluctuation in a fluidized bed for gas-phase olefin po
merization.

In the present study, the effects of gas velocity (0.10-0.68 m
and distributor geometry (opening area ratio, number of orifi
and hole sizes) on the pressure fluctuations including the mean
plitude and the normalized standard deviation of the local p
sure drop were determined.

EXPERIMENTAL

Experiments were performed in a fluidized bed (0.07-m I.D.×
m-high) made of a transparent acrylic pipe as shown in Fig. 1 
details can be found elsewhere [Cho et al., 2002]). The disen
ing section (0.14 m-I.D.×0.4 m high) is located between the flu
ized bed column and cyclone. Air is supplied from the blower a
measured by the calibrated flow meter and introduced to the 
tom of the bed through the perforated distributor. Four different ty
of the gas distributor were employed. In cases of perforated dis
utors, 400-mesh screen was covered on the surface of a distri
to prevent particle weeping from the bed to the plenum cham
Details of four different distributors used in this study are shown
Table 1 and Fig. 2. Fig. 2 shows the pressure drop of the four di
ent distributors. As can be seen, the pressure drop of the distrib
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increases with increasing gas velocity and decreases with increas-
ing the opening ratio. The physical properties of polyethylene beads
used in this work are given in Table 2. The static bed height was
about 75% of the bed volume and it was about 0.35 m above the
distributor. The pressure drop of the distributor was measured by
the pressure taps located between 0.03 m below the distributor and
0.03 m above the distributor. The local pressure drop of the bed was

measured through the pressure taps located between 0.03 m
0.33 m above the distributor. The opening of the pressure taps
covered with a screen of 15 mm aperture to prevent particle le
ing from the beds. Transducer signals were processed by a
sonal computer at a sampling frequency of 100 Hz for 60 s. 
operating gas velocity covered 1.0-6.0 Umf and slug flow was ob-

Fig. 1. Schematic diagram of the experimental setup.
1. Blower 7. Disengaging section
2. Filter & Regulator 8. Cyclone
3. Rotameter 9. Pressure tap
4. Plenum 10. Pressure transducer
5. Distributor 11. A/D converter
6. Main column 12. Personal computer

Table 1. Distributor properties for this experiment

Distributor
no.

Type
Hole size

[mm]
Number

[-]
Opening area

ratio [%]

1
2
3
4

Perforated
Perforated
Slit nozzle
Perforated

1.0
1.0
3.5
3.0

040
080
006
169

0.8
1.6
1.5
31

Fig. 2. Effect of gas velocity on the pressure drop across the dis
tributor.

Table 2. Physical properties of Polyethylene beads

Item Unit
PE of

Z-N cat.
PE of

Met. cat.

Particle diameter, dp µm 593 583
Particle density, ρp kg/m3 690 830
Particle bulk density, ρb kg/m3 350 510
Voidage of minimum fluidization, εmf - 0.47 0.41
Minimum fluidization velocity, Umf m/s 0.09 0.10
Particle size distribution - wide narrow

Fig. 3. Typical response signals of the local pressure drop in the
beds.
Korean J. Chem. Eng.(Vol. 19, No. 6)
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Typical pressure signals obtained in the experiments are shown

in Fig. 3. The mean amplitude and standard deviation of local pres-
sure drop (∆L=0.3 m) were calculated by the following equations,
respectively:

(1)

(2)

The normalized standard deviation was calculated by

(3)

As can be seen in Fig. 3, the values of ∆PM, SD and SDN are 913,
530 and 0.58, respectively.

RESULTS AND DISCUSSION

The variation of the mean amplitude, ∆PM, of the local pressure
drop (∆L=0.3 m) with gas velocity in the beds is shown in Fig. 4.
As can be seen, the mean amplitude of the local pressure drop in
the beds initially increases sharply and then slightly decreases with
increasing gas velocity. For low gas velocity in a fixed bed, the mean
amplitude of pressure drop is approximately proportional to the gas
velocity as reported by the Ergun equation [1952], and usually reach-
ing a maximum, ∆Pmax. With a further increase in the gas velocity,
the mean amplitude of the local pressure drop decreases since the
bed voidage increases with increasing the gas velocity beyond Umf.
Also, the maximum, ∆Pmax of the polyethylene polymerized by Met-
allocene catalyst is higher than that of the polyethylene polymer-
ized by Ziegler-Natta catalyst due to the bulk density of the poly-
ethylene particles as shown in Table 2. However, the variation of
the mean amplitude of the local pressure drop with the gas velocity
is independent on the different distributors.

The variation of the standard deviation, SD, of the local pressure
drop (∆L=0.3 m) with different types of the distributor in the beds
of polyethylene polymerized by Ziegler-Natta catalyst is shown in

Fig. 5. In the perforated plate distributor, all the gas in excess of
minimum fluidization velocity forms bubbles of equal size, whic
are the initial bubbles. The initial bubbles increase with increas
the gas velocity and the orifice hole size. In fluidizing a tall and n
row bed of solids, bubbles formed at the distributor may grow
the bed diameter to form slugs [Kunii and Levenspiel, 1991]. 
calculated from the equation of Stewart and Davidson [1967], m
mum-slugging velocity, Ub, ms, of polyethylene polymerized by Zie-
gler-Natta catalyst is about 0.15 m/s. Therefore, above 0.2 m/s s
ging should take place. As can be seen in Fig. 5, the standar
viation of the local pressure drop increased with increasing gas
locity above the minimum slugging velocity.

The effect of the ratio of the excess gas velocity to the minim
fluidization velocity on the normalized standard deviation, SDN, of
the local pressure drop (∆L=0.3 m) of polyethylene polymerized
by Ziegler-Natta catalyst and Metallocene catalyst with differe
types of the distributor is shown in Fig. 6. As shown, the norm
ized standard deviation, SDN, of the local pressure drop increase
with increasing the ratio of the excess gas velocity to the minim

∆PM = 
1
n
--- ∆Pi

i = 1

n

∑

SD = 
∆Pi  − ∆PM( )2

n − 1
-----------------------------

SDN = 
SD
∆PM

----------

Fig. 4. Mean amplitude of pressure drop in the local bed for dif-
ferent types of distributors.

Fig. 5. Standard deviation of the pressure drop in the local bed for
different types of distributors.

Fig. 6. Effect of the ratio of excess gas velocity to minimum fluidi-
zation velocity on the normalized standard deviation.
November, 2002
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fluidization velocity due to increasing the initial bubble size. Lee et
al. [2001] reported that slug frequency decreases slightly with in-
creasing gas velocity. Also, the normalized standard deviation of
the local pressure drop of polyethylene polymerized by Metallocene
catalyst is higher than that of polyethylene polymerized by Ziegler-
Natta catalyst since the particle size distribution of polyethylene
polymerized by Metallocene catalyst is narrow as reported by Cho
et al. [2001].

The number of orifice and orifice size in the distributor affect
bubble coalescence and slug formations. For air-water systems, Ya-
mashita and Inoue [1975] introduced a distributor parameter as fol-
lows:

(4)

As reported by Tsuchiya and Nakanishi [1992], this lumped param-
eter, hD, could be used for representing the combined effects of the
two factors relating to the distributor performance. Lee et al. [2001]
also reported that the average slug frequency decreased with increas-
ing ηD with perforated plates.

The effect of ηD on the normalized standard deviation of the local
pressure drop with a variation of (Ug/Umf=1 to 6) is shown in Fig. 7.
As can be seen, the normalized standard deviation increased slight-
ly with increasing ηD in the beds of polyethylene polymerized by
Methallocene catalyst and Ziegler-Natta catalyst due to the decrease
of slug frequency as reported by Lee et al. [2001].

CONCLUSIONS

The effects of gas velocity, distributor geometry and the particle
size distribution of polyethylene on the pressure fluctuation of the
distributor and the local pressure drop in the beds have been de-
termined in a gas-solid fluidized bed. The mean amplitude of the
local pressure drop in the bed initially increases sharply and then
slightly decreases with increasing gas velocity. The maximum, ∆Pmax

of the polyethylene polymerized by Metallocene catalyst is hig
than that of the polyethylene polymerized by Ziegler-Natta ca
lyst. However, the variation of the mean amplitude of the local p
sure drop with the gas velocity is independent on the different 
tributors. The normalized standard deviation of the local press
drop increased with increasing (Ug−Umf)/Umf and ηD. Also, the nor-
malized standard deviation of the local pressure drop of polyet
ene polymerized by Metallocene catalyst (narrow) is higher th
that of polyethylene polymerized by Ziegler-Natta catalyst (wid

NOMENCLATURE

Dc : column diameter [m]
dor : diameter of orifice [m]
dp : particle diameter [mm]
∆L : axial distance [m]
Lp : pitched length [m]
n : number of ∆Pi [-]
Nor : number of orifice [-]
∆Pi : instantaneous pressure drop [Pa]
∆PM : mean amplitude the local pressure drop [Pa]
∆Pmax : maximum pressure drop of the local beds [Pa]
SD : standard deviation of the local pressure drop [Pa]
SDN : normalized standard deviation of the local pressure d

[Pa]
Ub, mb : minimum slugging velocity [m/s]
Ug : gas velocity [m/s]
Umf : minimum fluidization velocity [m/s]

Greek Letters
εmf : voidage of minimum fluidization [-]
ηD : lumped parameter defined by Eq. (4) [1/m2]
ρb : particle bulk density [kg/m3]
ρp : particle density [kg/m3]
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