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Introduction

Exploiting of CLOU effect for
combustion of the most
difficult part of the fuel: Char
/

Two-stage Fuel Reactor:

better utilization
of the oxygen carrier

Conversion of VM RTD is closer to
using the residual a plug flow |
oxidative potential than a single-

of the OC stage FR
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VM + MeO -> Me + CO, + H,0

| VM + 0, - CO, + H,0

Bottom bed

CO,H,0

st FlUidization XV—May 22-27,2016

vy S 1o Yo 0 004 U

R



Istituto di Ricerche sulla Combustione
RC] Consiglio Nazionale delle Ricerche

Most of numerical simulations of CLC in DIFB are focused only on
kinetic scheme

What you need?

An appropriate hydrodynamic model of the whole system in order to
point out “stable” operating conditions.

A 4

To develop a simple mathematical tool coupling a CLC reactive
scheme and a simple hydrodynamic model of a DIFB system.
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* FR split in two zones: dense zone below diluted zone/FreeBoard (FB)

e Dense zone is modelled as a CSTR, while FB is modelled as a PFR

¢ |nstantaneous devolatilization

* AR is modelled as CSTR (dense regime) or PFR (diluted regime)

e The rate of heterogeneous reactions is ruled by chemical kinetics

e Conversion is uniform throughout solid particles ]

e Conversion of oxygen carrier and char in the air reactor is complete. }

ECle__ Fluidization XV—May 22-27,2016

e angesatnlony - iodengeontiorg




Istituto di Ricerche sulla Combustione
I‘;CI Consiglio Nazionale delle Ricerche

Viathematical Model: hydrodynamic model (1)

ﬁninv =mMmpgpp + Mg+ Mg +Mp/1y \
mgrp = (Aprp/g) * APgpp
mys = (1 —ep) - pp + Asp + (Ls — L)+
(1 —&m) pp-Asc Isct(1 — €g) - pp - Agrc * hre
mg = (Ag/g) - APy
mpy = (1 —éey) -pp- Ay - Ly+

K (1_8V)°pP'AD'[H°n(LV_H)+LV'n*(H_LVy

dmR
dt - WLS - WR
dmLS
\ a7~ W~ Wis J
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\Viathematical Model: hydrodynamic model (I1)

Bubbling Fluidized Beds (BFBs)
hp: elutriation is negligible

* Mass flow rate to the riser
Ws - hpp = hp

WB=

* Pressure drop
APgpp = PP'(1—€D)‘.9'hD,B
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I\/Iathemahcal Model: hydrodynamic model (111)

Loop Seal

Loop Seal works in complete fluidization condition
between Supply Chamber (SC) and Recycle
Chamber (RC).

e Mass flow rate
Wis = Ws

* Aeration gas flow rate
Qrs = Qsc + Qrc

* Gas “leakage” between SC and RC
WR ° gmf

Asc-pp-(1- gmf)

Ups 2 Uy —
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Viathematical Model: hydrodynamic model (V)

Risers

hp: transition between dense and dilute phase takes place when
mass flow rate approaches the value corresponding to
saturation carrying capacity.

* Mass flow rate
G _{GW=/3'PP'(1—5mf)'UR—’Gs = Gy
=

Gqg = (Us/hg) - (mg/Ag) - Gs < Gy

* Pressure drop

APr=pp-(1—¢€p)-g-hp+

g

g (e o)
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Viathematical Model: hydrodynamic model (V)

Cyclone

hp: Collection efficiency was assumed to be 1
e Pressure drop
APcyc = pr - K¢ - Uc

Downcomer/L-Valve

 Pressure drop

APpow
H—Lg =Ky - (ufy _usy)
APy
L = Ku - (ufx usx)
H
_0.0649 - pp®9% . Ly (W5)°'178
W= T, 05 g, 057 \4,

e Aeration gas flow rate

Qv =0Qn + Qv
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NVathematical Model:

kinetic scheme

Oxygen carrier: CuO (50% in mass) on ZrO,

Fuel: bituminous South-African coal
(VM: CO CO, H,H,0 CH,)

Oxygen carrier reactions

Cu0 + 72C0 — %Cu,0 + %4CO0, Cu0 + %2H, - %Cu,0 + %H,0

Cu,0+ C0O - 2Cu+CoO,
Cu0 - %Cu,0 + %0,

Cu,0 + H, = 2Cu + H,0
CuO + %CH, - Cu+ %CO0, + %H,0

Oxygen carrier re-oxidation
(air reactor)
Cu+ %20, —» Cu0
Cu,0 + %0, — 2Cu0

Gas phase combustion
Co+ %0, - CO,
+ %20, - H,0

CH, + 20, - CO, + 2H,0

Char reactions
C+C0,- 2C0O
C+0,-Co0,

C +H,0 - CO+H,
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Viathematical Model: mass and energy balances

Mass Balances
Operating conditions Properties of bed materials

Dense regime/phase Tewer [K] 300 pp [kg-m?] 2540
10° d, [m] 2.55-10*
C Co A e Y1 @m0 | PlPa] | ’
Qk,m j,in Qk,out .k sc,k il j m 56.7 £ [-] 0.445
03 o 0.445
Wk,in : Csc,in - Wk,out : Csc,k + Mg, - Mgek Ziri ) C’-’j:O 12 g [-] 0.445
22100 &l 0423
. . .1 -
Dilute regime/Free Board 2U &[] 0.488

GEOMETRICAL CHARACTERISTICS

1\dnk _ | Riser | L-Valve
(A_k) dh, Z(Ti - a)) B o Dy [m] 0.04
‘ [ he[m] [N Ly [m] 0.4
Lol 04
m 0.38 Cyclone
Energy balances (2x)1 Ke [-] 78
| | LoopSea
Dol e (IO =T 4+ ) 0 e, (19~ 7°) B oo A [m?] 0.0025
| 36 helm) 02
+ Z (-aH2) 7+ 0=0 rL
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Viathematical Model: results (Il)

Steady-state conditions

Fuel mass flow rate 1kgst
Recirculated OC mass flux 116 kg m2s? Carbon conversion degree

Air Reactor temperature 1223K total CO, at the outlet of the FR

Fluidizing gas temperature Fuel Reactor 623K (produced by fuel combustion)

Ul el ey i 00 02 = toral carbonaceous fuel fed to the FR
Fluidizing gas temperature Air Reactor 300K

Bottom bed inventory 15 kg
Top bed inventory 15 kg
Fuel Reactor pressure 10° Pa

Fuel reactor temperature 10°K CO, capture capacity

= J 2966 P
iser pressure drop a total C at the outlet of the FR

Carbon conversion degree 0.58 (in the gas stream)
: >
CO, Capture Capacity 0.62 Nee = g
total C fed tothe FR

—ECle_ Fluidization XV—May 22-27,2016

n Slonowey, e 14 e Yok WY 4004 A
s 1313 514670
et




SESIT
SR
I "4_] > \u
el )

Conclusions

A simple tool to evaluate the performances of a novel two-
stage CLOU process carried out in a MIFB was developed.

The model is able to predict both main hydrodynamic
variables and kinetic performances of the proposed system.

Further work is needed in order to determine the range of
operability of the system and to highlight the effects of
different operating conditions on process performances.
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Thank you for your
kind attention
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