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Abstract — Circulating fluidized bed system consists of SEWGS reactor - lower loop seal - regeneration reactor - riser
- cyclone - upper loop seal has been used for solid circulation between the SEWGS reactor and the regeneration reactor
in a SEWGS system for pre-combustion CO, capture. A vertical type lower loop seal has been used in current system
but this lower loop seal requires high gas flow rate through the lower loop seal for fluidization and smooth solid circu-
lation, and consequently, causes slugging behavior sometimes. To overcome these disadvantages, inclined type lower
loop seal was proposed by this study. Solid circulation characteristics with change of lower loop seal geometry were
measured and compared in a bubbling - bubbling - riser type circulating fluidized bed using CO, absorbent (P-78) as bed
material at ambient temperature and pressure. We could conclude that the inclined lower loop seal is better than the ver-
tical type lower loop seal from the viewpoints of minimum flow rate requirement for stable solid circulation and solid
height change during solid circulation.
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Fig. 1. Conceptual diagram of SEWGS system.
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Table 1. Summary of CO, absorbent particle’s characteristics

Particle Main component Producer Preparation methods Bulk density [kg/m’] Particle size [um]
P-78 K,CO, (19%) KEPCO RI Spray drying 633 106212
@) ITFE‘1~ (b) ' ‘%7 | ’\}‘119] ZVAEARAIE 213 ?ErE/‘e](upEer loop seal? et
\ M- 224 (lower loop seal), BIAFE IAIYARS] 2 W Aledhs
\ ‘ | 13 AlOI 22 (cyclone), 58+ B TAIO)FS 1% 714 504 2
Cyclone Lt Cyclone | Al (MFC)2F MFC controller 5-2] 714 F1%=], ¥hg-7] &%

Upper
loop seal

Upper
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SEWGS
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Lower

loop seal loop seal

Fig. 2. Schematic of three-interconnected fluidized bed equipped
with (a) vertical type lower loop seal and (b) inclined type lower
loop seal.
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Fig. 3. Detail view of (a) vertical type lower loop seal and (b) inclined
type lower loop seal.
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Table 2. Summary of experimental conditions and variables

CO, absorbent P-78 (106~212 pm)
Static bed height [m] 0.7
Minimum fluidization velocity, 0.0085

U, [m/s]

Lower loop seal type Vertical type, Inclined type

Ambient
2.03,2.32,2.61,2.90,3.19
Vertical type : 2.9,3.4,3.9,4.4,49

(3.0,3.5,4.0,4.5,5.0 Q)
Inclinedtype: 1.6,2.0,2.4,2.8,3.2,3.6,4.0
(2.0,2.5,3.0,3.5,4.0,4.5,5.0 Q)

Temperature, pressure
Total riser gas velocity [m/s]

Flow rate of lower loop seal

[NI/min]

Gas velocity in the upper

loop seal [m/s] 0.0128(1.5U,,)

Fluidization gas Air
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Fig. 4. Differential pressure drop versus flow rate for (a) vertical
type lower loop seal and (b) inclined type lower loop seal.
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Table 3. Summary of experimental conditions for solid circulation rate
through lower loop seal

Static bed height [m]

0.76, 0.89, 1.00
Vertical type : 2.9,3.4,3.9,4.4,4.9
(3.0,3.5,4.0,4.5,5.0 Qup)
Inclined type : 2.9,3.4,3.9,4.4,4.9
(3.7,4.3,49,5.6,6.2Q,,)

Flow rate of lower
loop seal [NI/min]
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Fig. 8. Effects of flow rate through the lower loop seal and initial
solid dumping height on solid circulation rate through the

lower loop seal (Gg;), (a) vertical type lower loop seal and
(b) inclined type lower loop seal.

S7kstolof k= Zlo® AlR EQIv). g8, ALY sh Farale] 4

$ 527 s 2 Ao] H)8] TAEIEE Gyt - A e
wrom B o] AWMl SRk 3 Ale) 9 J)A) G
% SEWGS ¥-8719] 1A% o] Wislel] mhE G2l Wk A9
ol Ao Ueldrt,

A7} © 2 Fig. 8(b)3} Fig. 7(by= 37 s14181H, AL el
AL A}EE S pE L 23 Gekz 4l SEWGS HHST]
o] TAF o] A st FIEAS B3 nAEIEE (Gt
=gl A] o) iz}]—ELﬁJ_(GSI)E 7] wEel, = sk
Ao FH8E 1A|=gES AEsk 4= 10T 2 Fig. 7(b)oll Y
Ept ukg)l go] SEWGS HEs7] 2 A AH-S719] 114

AT o] ¥isk gl
o] QA TABlo] Vs 7102 FAIEk 5= 9) \;]_. &, F1g

T2 T A

8(a)2t Fig, 7(ay= &7 siAfshd, d=saolln olFH= Alees:

E(Ggt L% 20X sh FaLA el Y5 71l

28H, s F2 A AEld 4 ole TAEEE (G, )7} i
3}, SEWGS vk

719] AAE =ol7tdst F, 1Al 23l s
T 7Rl

= oldo] Z7)shd G527]' =7Vl ® Qg &l 1
Algte] 7hset Ao s = U3l

Ky

Korean Chem. Eng. Res., Vol. 52, No. 4, August, 2014

SO - FEA - s

5 | | |
@ Vertical type lower loop seal

= Vv Inclined type lower loop seal
-E 4 — . —
=
4 [ J o o
el
23r e 7
o
8
& 2 7
] v v v vV Vv
£
£ 1 -
=

0 | | | | |

60 70 80 90 100 110 120

Solid circulation rate, G, [kg/h]

Fig. 9. Comparison of minimum gas flow rate requirement through

the lower loop seal for stable solid circulation with varia-
tion of solid circulation rate, Gg;.

Fig. 9olli= 572418 ah- 2223 AL sh Szl ojs) a4
TG HgkE wf QP Al uAEERS S8l s Farale] 5
=]ofof 3H= # A4 2] WslkE vlwste] et 7 714 8
A BUE Q1) @ Bl AR VAR -l el
A sk k] 7AE T o, Tl dellA] Tl
TS 7o ® BASISATE. Fig. 9ol VFERS vk} o] A st
T ] A5, s FrAelA AEE 4 Qe IAEEEE(Gy)
7} 7] witel] BE TAESESE el tis) W sk F A

oM E P A0l AZgl0] 1sEk Wb, AE SR ST A9
739 TACEE T SRl wet PY AR aAleES fAEH ]
S8l Hast sh Farale] A4 o] TR AES JERS]

F

T ‘o

th A}y 07 $=218 S TS AN A9, o] A4
317] mel] SR AL £5 TAIETEE (Gy,)e M7 2o
u, o]F FE3P] flelMe - F24lel o B2 S Fast
At} SEWGS HHg719] TAIT o7} A A= ofof gt shH
ZAre S FAr A C] - 1~r EOM ﬂﬂfﬂ# % iﬂ%

FEE (Gt 7] dhizell S

7¥ssh - REg7] Afe] 9] Ml l ‘ME H“Jﬂ o}xl A= AL
e
5.4 E
g, A9k 35t ol E fE S AEAAIE 0183510 s Tl

Fel, T2 {7 9 A 15 Ml nE aAleEEE W,
TAE 120]0] W3t W QPP ARl AR 93] Fod Hanw
S 57 9 sidsisint. s FEAS fEsATI] S Ha
F2- A B T A0] HALY SR T Aof| H]g)| =] YR
o A5 iE 8 IAEIE (G = T 7H R A B
“Fee] o] Tl et Trtehs A4S VeIl s
a2 o] e Wslef W xjoli= A7) UrEMXl oFQket. QP AIQl
VAR FAE] S8l Badt HAa > AN S
S AR 97t A s AL A3 9w A Vel
wow T kST Afolo] 1A|F o] Aol BhAYEkA] o= o'



SRHEFN - 724 3
Uk} SEWGS Al2sleld] e sk T o qbgsos

A =] Sl BARY s TS ARSShs Aol

2g 210 F AR QI

N
z

A= 20119 S *&?j%*&ﬂ%%ﬂ Aoz F=eliA7leE
B7MAKETEP)] A ¢he: Rbo} 538t A2 l°‘HiH2011201(n000413).
1] Aol FAF=-YT 1 A9kl AREE CO, SAlE Al
Al e AT T wARE el A=Y

Nomenclatures

Quyy : Minimum fluidization gas flow rate for vertical type lower

loop seal [N//min]

Q,y; : Minimum fluidization gas flow rate for inclined type lower
loop seal [N//min]

U,, :Minimum fluidization gas velocity [m/s]

Gg;  :Solid circulation rate from riser through cyclone to upper
loop seal [kg/h]

Gy, :Solid circulation rate from SEWGS reactor through lower
loop seal to regeneration reactor [kg/h]
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