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1 Background and Objectives

Background:
SMR ( Steam Methane Reforming)
CH,(g) + H,O(g) = CO(g) + 3H>(g) AHogs = 206.2kJ /mol

CO(g) + H20(g) = CO2(g) + Ha(g) AHzgs = —41.5kJ /mol
CHy(g) +2H20(g) = COs(g) + 4Ho(g)  AHags = 164.7kJ /mol

SE-SMR (Sorption Enhanced SMR)

CaQ + CO; = CaCOgq AHyos = —178 kJ /mol
Advantages:
1. Separation of the green house gas CO:2
2. Higher purity of Hydrogen ©@NTNU
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1 Background and Objectives

Syetem: (Catalyst — Sorbent— Gas mixture

2-phase 3-phase

Reactor: Fixed Bed
Fluidized Beds: Bubble bed, riser

Lindborg et al.(2008), Wang et al.(2010,2011) From Reactor
Technology Group, NTNU Have conducted 2D,3D 2-phase modeling.

Objective: 3-phase Bubble bed modeling.
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1 Background and Objectives

» Applying Gas-Catalyst-Sorbent 3- phase
reactive flow model for SE-SMR fluidized bed reactor

» Check Catalyst-Sorbent segregatiopn-mixing behavior

Dolomite: 125-300um, 1560kg/m3

Johnsen et at.(2006):
Catalyst: 150-250um, 2200kg/m3

» Check other Flow and Reaction performance
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2 Model Equations and Modeling

Three-fluid model is used.
Gas Phase : K- Epsilon turbulent model

Particle Phase: KTGF

some statistical
methods

narticle billiard ball

ollision theory
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2 Model Equations and Modeling

Subscript: 0 Gas, 1 =1 (catalyst), 2 (sorbent)

Continuity Equations

7,
—(mpi) + V- (ﬂiip?'vi) =¥ 1=0,1,2

dt Gas particle goupling

Gas momentum Equation

d

E(ﬂn,@u‘v’u) +V - (appovovo) = —aoVpo — V - ap(70 + 7¢) | + appog
Particle momentum Equations i=1,2

0

E(ﬂfaﬁﬁ’f) + V- (a;p;ivivi) = —a;Vpg — V - p; HBoi(vo — v;) + a;p;g
Granular temperature Equations i=1,2 :

39 P-P coupling

3
aa(a'ipie'i) + EV . (-‘_’r?'pi@ﬁ’i) = —p;: Vv; — V- q; + 339[]1'61' -+ i
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2 Model Equations and Modeling

Gas turbulent kinetic engergy Equation
d t
E(ﬂ“nﬂnfi‘n) + V- (appokovo) = ap(—7¢ : Vv + S;) + V- (cxui—ﬁ'\?k.}) — @ PoED

Gas turbulent kinetic engergy dissipation rate Equation

o ot
(ﬂﬂpncﬂ) + V - (appocovo) = anCh ;un( Tt :Vvg+5;)+ V- (&D‘[ OVeg) — ﬂn,ﬂl}cz ko
E'

2

Gas moIeDchlar temperature Equation .
appoChp.o DtD —V - &D;‘;‘EHVTD + Qo1 + Qoo + ZR?MR&HjaMﬁ

Catalyst molecular temperature Equation
DTy
Dt
Sorbent molecular temperature Equation
DTy
Dt
Gas species transport Equation

E(Pﬂ“”j) +V - (povow;) =V - (PDDEH\T%) + R, 4o —w P NTNU
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2 Model Equations and Modeling

Xu and Froment (1989)

RSMR _ ki | poHAPH,O — Pl PCO /1'1’1]

i | DEN?

psMR _ k2 [pcopmyo — prypooy /K>
2 pH, | DEN?

TP DEN?

2 4 -
R; MR k3 PCHsPH,0 — pHgPC(_jQ/I‘xgl
2

Sun et al. (2008)

R = 56k,(1 — X)(pco, — Pcos.,)"S
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2 Model Equations and Modeling

Phase coupling:
(1) Gas—catalysts—sorbents momentum

150p0 (1 —ap ) o 1.75apo | Vo— Vi
Gy — ““dl[ — h if g < 0.8
2CDPOGLVO e g 165 if ap > 0.8
AR YL RLS
o =2y (1 + enz)gna{ (VZRO}® + V2rOF° — V2O0°05%)
1 2
[;riu —1.1350%5 (0925 1+ @025 4 0.8099125Q0125)]) 4 an

(2) Gas—catalysts (sorbents) heat transfer

oc, n

N o (T = To) ® NTNU
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2 Model Equations and Modeling

Parameters Values
Bed height (m) 0.66
Bed diameter (m) 0.1
Total mass of the particles(kg) 3.1
Catalyst to calcined dolomite mass ratio 2.5
Static bed height (m) 0.3
Catalyst particle size ( wm) 150-250
Dolomite particle size ( gm ) 125-300
Reforming Temperature (°C) 600
Superficial gas velocity(m/s) 0.096
Steam to Carbon molar feed ratio 3
Catalyst density (ke/m’) 2200
Dolomite particle density (kg/m’) 1560
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Laboratory Scale
bubble bed reactor
from Johnson et al.
(2006) is investigated.
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3 Results
3.1 Hydrogen purity for SMR, SE-SMR

) B X= 0/ CJmax
SE-SMR process can
2‘ - :ggfzhm,x:n.z imprOVe H2 purlty
5
o apparently than SMR
- EXP. From Johnsen et at.(2006):
) R _| Hz purity: 98-99% around
| | | Ee-d.height.rr'. | |
Axial hydrogen purity distribution for
SMR and SE-SMR. E NTNU
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3 Results
3.2 Gas temperatures for SMR, SE-SMR

D SMR reaction:
P - Endothermic
g o - '. SE-SMR. x = 0.2
: . SE-(COz2 sorption) reaction:
= a7
> exothermic

853

BEE ——— — ——

] 0.1 oz 0.3 0.4 (1] 08
Bed height, m
Gas temperature distribution for SMR and
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3 Results

3.3 Catalyst-Sorbent Segregation

n X= QfGmax 25 (kg / M?)
0.2 1694
0.5 1895
/\J 0.9 2163
p, = 2200kg / m°
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3 Results

3.4 Particle flow profiles, sorbent
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3 Results

3.5 Sorption-enhanced performance in the adsorption
process

1.00

X= q/qmax 2, (kg / m°)

0.95

0.2 1694
5 0.90 1 X i 0.2, SE-SMR
i 05 189%
§ 7X—0.9, gII\E/I-:MR 0.7 2029
to 0.9 2163
0.75 | | | | | | P. = 2200kg / m3
Bed height, m B NTN U
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4 Conclusions and Further Work

4.1 Conclusions
» A three-fluid reactive flow model was applied to SE-

SMR reactor, reasonable results are obtained:

--SE objective could be realized.

--The hydrogen purity agrees well with the experiment.
» SE-SMR Process are characterized by:

-- Sorbent weight increases
-- changed particle flow profiles.

-- binary particles: segregated to mixed.
-- Even when x =0.7, the outlet H2 purity can ge%MTNU
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4.2 Further work

Natural sorbents used in the present investigation
Dolomite: 1560kg/m3

Catalyst: 2200kg/m3

If synthetic sorbents are to be used

Synthetic CaO: 2500kg/m3 (Rout et al.2011)

Catalyst: 2200kg/m3
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Thank you for your attention!
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