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wherein the first connecting element comprises a connecting piece, the first connecting element

and the gas/solid separation zone are connected by the connecting piece, and the connection of

the connecting piece to the gas/solid separation zone is tangential and has an inclination so that

the central axis of the connecting piece and the horizontal form an angle A16 and the angle A16

is in the range from 0° to 40°;

wherein the transition segment is a bend or is a tubular element comprising one or more bend

parts and one or more linear parts and the ratio of D02 to D08 is 1.0 to 2.2; and

wherein the second connecting element is a bend or is a tubular element comprising one or more

bend parts and one or more linear parts.

[0010] In some embodiments, the central axis of the second connecting element at the posi-

tion where the second connecting element is connected to the transition segment and the hori-

zontal form an angle A02 and the angle A02 is in the range from 0° to 40°.

[0011] In some embodiments, the apparatus further comprises a line for feeding a barrier gas

and/or liquid into the upper part of the second polymerization zone.

[0012] In some embodiments, the apparatus further comprises a line for feeding a transport

gas into an upper part of the second connecting element.

[0013] In some embodiments, the second connecting element is provided with a gas distribu-

tion grid extending from the upper end of the second connecting element for an angle A09 of at

least 50° along the bending of the second connecting element.

[0014] In some embodiments, the second polymerization zone comprises a throttling valve and

the apparatus further comprises a line for feeding a dosing gas into the lower part of the second

polymerization zone at one or more positions above the throttling valve.

[0015] In some embodiments, the compressor is a centrifugal compressor comprising variable

guide vanes and the gas recycle line is further equipped with a butterfly valve.

[0016] In some embodiments, the variable guide vanes are arranged upstream of the centrifu-

gal compressor and the butterfly valve is arranged downstream of the centrifugal compressor

[0017] In some embodiments, the gas/solid separation zone has a height H04 and the ratio of

H04 to D04 is 2.5 to 4.5.
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fourth connecting part has a frusto-conical shape. It is however also possible that the diameter

increases in another way.

[0048] The gas recycle line is equipped with a compressor adapted and arranged for circulat-

ing gas in the gas recycle line and a heat exchanger adapted and arranged for removing heat

from the gas flowing in the gas recycle line. In preferred embodiments of the present disclosure,

the compressor is a centrifugal compressor comprising variable guide vanes and the gas recycle

line is further equipped with a butterfly valve. Preferably, the variable guide vanes are arranged

upstream of the centrifugal compressor and the butterfly valve is arranged downstream of the

centrifugal compressor. Circulating the gas in the gas recycle line by a centrifugal compressor

comprising variable guide vanes and further equipping the gas recycle line with a butterfly valve

allows in a simple manner to manipulate the gas flow rate while keeping constant the differential

pressure across the compressor or to vary the differential pressure across the compressor while

keeping the gas flow rate constant.

[0049] The transition segment is characterized to be a bend or a tubular element comprising

one or more bend parts and one or more linear parts and the ratio of the diameter of the gas recy-

cle line D02 to the diameter of the transition segment D08, i.e. the ratio of D02 to D08 is from 1.0

to 2.2, preferably from 1.2 to 2.0 and more preferably from 1.3 to 1.9.

[0050] In preferred embodiments, the transition segment and the cylindrical segment of the

first polymerization zone are connected by a fifth connecting part, wherein the diameter of the fifth

connecting part increases from the diameter of the transition segment D02 to the diameter of the

cylindrical segment of the first polymerization zone D01. In preferred embodiments of the fifth

connecting part, the diameter increases constantly and the fifth connecting part has a frusto-coni-

cal shape.

[0051] The shape of the transition segment comprised in the apparatus of the present disclo-

sure contributes to the excellent operability of polymerizations in the apparatus by ensuring the

fast fluidization or transport conditions in the first polymerization zone with a low pressure drop in

the gas recycle line and in the intersection between gas recycle line and first polymerization zone,

by giving an efficient pick up of the polymer particles coming from the second connecting element

by the recycle gas stream with an immediate transport of the polymer particles into the first

polymerization zone, and by providing a minimum polymer friction among adjacent polymer parti-

cles and between the polymer particles and the wall of the transition segment, and, at the same

time, minimizes the required space below the polymerization zones and gives an improved layout

of the recycle system.

[0052] The apparatus of the present disclosure further comprises a tubular first connecting ele-

ment having a diameter D03 adapted and arranged for connecting the cylindrical segment of the
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C L A IM S

1 . A n apparatu s forc arryingou ta gas -phas e olefin polymerization c ompris ing:

- a firs tpolymerization zone ad apted and arranged forgrowingpolymerpartic les to

flow u pward u nd erfas tflu id ization ortrans portc ond itions c ompris inga c ylind ric al

s egment(1)havinga d iameterD 0 1 ;

- a s ec ond polymerization zone ad apted and arranged forthe growingpolymer

partic les to flow d ownward c ompris inga c ylind ric alu pperpart(5)havinga d iameter

D 0 5 and a c ylind ric allowerpart(6)havinga d iameterD 0 6;

- a gas /s olid s eparation zone (4)ofa c ylind ric als hape havinga d iameterD 0 4 ad apted

and arranged fors eparatinggrowingpolymerpartic les from a gas flow whic his

arranged on topofthe u pperpart(5)ofthe s ec ond polymerization zone and is

d irec tly c onnec ted to the u pperpart(5)ofthe s ec ond polymerization zone;

- a tu bu larfirs tc onnec tingelement(3)havinga d iameterD 0 3 ad apted and arranged

forc onnec tingthe c ylind ric als egment(1)ofthe firs tpolymerization zone to the

gas /s olid s eparation zone (4);

- a tu bu largas rec yc le line (8 )havinga d iameterD 0 8 ad apted and arranged for

c onnec tingthe gas /s olid s eparation zone (4)to the firs tpolymerization zone;

- a tu bu lartrans ition s egment(2)havinga d iameterD 0 2 arranged between the gas

rec yc le line (8 )and the c ylind ric als egment(1)ofthe firs tpolymerization zone; and

- a tu bu lars ec ond c onnec tingelement(9)havinga d iameterD 0 9 ad apted and

arranged forc onnec tingthe lowerpart(6)ofthe s ec ond polymerization zone to the

trans ition s egment(2);

wherein the gas rec yc le line (8 )is eq u ipped witha c ompres s or(15)ad apted and arranged

forc irc u latinggas in the gas rec yc le line (8 )and a heatexc hanger(14)ad apted and

arranged forremovingheatfrom the gas flowingin the gas rec yc le line (8 );

wherein the ratio ofD 0 4 to D 0 5 is from 1 . 0 to 1 . 5 and the ratio ofD 0 5 to D 0 6 is from 1 . 2

to 2 ;

wherein the firs tc onnec tingelement(3)is a bend havinga rad iu s R0 3 oris a tu bu lar

elementc ompris ingone ormore bend parts havingone ormore rad iu s es R0 3 and one or

more linearparts and the ratio ofR0 3 to D 0 3 is from 1 to 6 and the ratio ofD 0 3 to D 0 1 is

from 0 . 3 to 0 . 8 5;

wherein the firs tc onnec tingelement(3)c ompris es a c onnec tingpiec e (16), the firs t

c onnec tingelement(3)and the gas /s olid s eparation zone (4)are c onnec ted by the

c onnec tingpiec e (16), and the c onnec tion ofthe c onnec tingpiec e (16)to the gas /s olid
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s eparation zone (4)is tangentialand has an inc lination s o thatthe c entralaxis ofthe

c onnec tingpiec e (16)and the horizontalform an angle A 16 and the angle A 16 is in the

range from 0 ° to 40 °;

wherein the trans ition s egment(2)is a bend oris a tu bu larelementc ompris ingone ormore

bend parts and one ormore linearparts and the ratio ofD 0 2 to D 0 8 is 1 . 0 to 2 . 2 ; and

wherein the s ec ond c onnec tingelement(9)is a bend oris a tu bu larelementc ompris ing

one ormore bend parts and one ormore linearparts .

2 . The apparatu s ofc laim 1 , wherein the c entralaxis ofthe s ec ond c onnec tingelement(9)at

the pos ition where the s ec ond c onnec tingelement(9)is c onnec ted to the trans ition

s egment(2)and the horizontalform an angle A 0 2 and the angle A 0 2 is in the range from 0 °

to 40 °.

3. The apparatu s ofc laim 1 or2 , wherein the apparatu s fu rtherc ompris es a line (13)for

feed inga barriergas and /orliq u id into the u pperpart(5)ofthe s ec ond polymerization zone.

4. The apparatu s ofany ofc laims 1 to 3, wherein the apparatu s fu rtherc ompris es a line (20 )

forfeed inga trans portgas into an u pperpartofthe s ec ond c onnec tingelement(9).

5. The apparatu s ofc laim 4, wherein the s ec ond c onnec tingelement(9)is provid ed witha

gas d is tribu tion grid (23)extend ingfrom the u pperend ofthe s ec ond c onnec tingelement

(9)foran angle A 0 9 ofatleas t50 ° alongthe bend ingofthe s ec ond c onnec tingelement(9).

6. The apparatu s ofany ofc laims 1 to 5, wherein the s ec ond polymerization zone c ompris es a

throttlingvalve (22)and the apparatu s fu rtherc ompris es a line (21)forfeed inga d os inggas

into the lowerpart(6)ofthe s ec ond polymerization zone atone ormore pos itions above

the throttlingvalve (22).

7 . The apparatu s ofany ofc laims 1 to 6, wherein the c ompres s or(15)is a c entrifu gal

c ompres s orc ompris ingvariable gu id e vanes (1 7 )and the gas rec yc le line (8 )is fu rther

eq u ipped witha bu tterfly valve (1 8 ).

8 . The apparatu s ofc laim 7 , wherein the variable gu id e vanes (1 7 )are arranged u ps tream of

the c entrifu galc ompres s orand the bu tterfly valve (1 8 )is arranged d owns tream ofthe

c entrifu galc ompres s or.

9. The apparatu s ofany ofc laims 1 to 8 , wherein the gas /s olid s eparation zone (4)has a

heightH 0 4 and the ratio ofH 0 4 to D 0 4 is 2 . 5 to 4. 5.
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10 . The apparatu s ofany ofc laims 1 to 9, wherein the u pperpart(5)ofthe s ec ond

polymerization zone has a heightH 0 5 and the ratio ofH 0 5 to D 0 5 is 2 to 4.

1 1 . The apparatu s ofany ofc laims 1 to 10 , wherein the apparatu s is partofa s eries of

polymerization reac tors .

1 2 . A proc es s forc arryingou ta gas -phas e olefin polymerization in the apparatu s ofany of

c laims 1 to 11 attemperatu res offrom 20 °C to 20 0 °C and pres s u res offrom 0 . 5 M P a to

10 M P a in the pres enc e ofa polymerization c atalys t, c ompris ingfeed ingone ormore

olefins into the apparatu s , c ontac tingthe olefins and the polymerization c atalys tu nd er

reac tion c ond itions and d is c hargingthe polymerprod u c tfrom the apparatu s , wherein the

growingpolymerpartic les flow u pward throu ghthe firs tpolymerization zone u nd erfas t

flu id ization ortrans portc ond itions , leave the firs tpolymerization zone, pas s throu ghthe

gas /s olid s eparation zone and enterthe s ec ond polymerization zone where the polymer

partic les flow d ownward u nd erthe ac tion ofgravity, leave the s ec ond polymerization zone

and are atleas tpartially reintrod u c ed into the firs tpolymerization zone, thu s es tablis hinga

c irc u lation ofpolymerbetween the firs tpolymerization zone and the s ec ond polymerization

zone, wherein the s ec ond polymerization zone c ompris es a bed ofd ens ified polymer

partic les .

13. The proc es s ofc laim 12 , wherein the gas mixtu re pres entin the firs tpolymerization zone is

c ompletely orpartially prevented from enteringthe u pperpart(5)ofthe s ec ond

polymerization zone by introd u c inga gas orliqu id into the s ec ond polymerization zone via a

feed ingline (13), and the gas mixtu re pres entin the s ec ond polymerization zone d iffers

from the gas mixtu re pres entin the firs tpolymerization zone.

14. The proc es s ofc laim 13, wherein the s u rfac e ofthe bed ofd ens ified polymerpartic les is

loc ated in the u pperpart(5)ofthe s ec ond polymerization zone.

15. The proc es s ofany ofc laims 12 to 14, wherein the polymerization is a homopolymerization

ofethylene ora c opolymerization ofethylene and one ormore otherolefins s elec ted from

the grou pc ons is tingof1-bu tene, 1-hexene and 1-oc tene orthe polymerization is a

homopolymerization ofpropylene ora c opolymerization ofpropylene and one ormore other

olefins s elec ted from the grou pc ons is tingofethylene, 1-bu tene and 1-hexene.


