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Two-film theory
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Two-film theory

Gas-phase resistance = 1/kg
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Two-film theory

Gas-phase resistance = 1/k, Liquid-phase resistance = H,/Ek,
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Two-film theory

Overall resistance = 1/K, = 1/k, + Hy/Ek, = 1/k, + 1/k,’
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Two-film theory

Overall resistance = 1/K, = 1/k, + H,/Ek, = 1/k, + 1/k,’
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Two-film theory

Both K (k; & k;) and a, is important to predict capture rate
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Packings
Random Structured
Since 1890s 1960s
Cost Low High
Efficiency Moderate High
Capacity Moderate High
Shape
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Mass transfer in amine C Free Gas

>
capture process

CO, for Compr.
A
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Mass transfer in amine C Free Gas

>
capture process

CO, for Compr.
WW T
(lr A )

Reliable packing model is critical for design

(k, & a,) V\
Flue Gas
>
~ Stripper (k ,a,)
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, s critical to solvent selection

e Heat transfer

ch| Q1

e Mass transfer

» Diffusion of CO, through reactive layer \l,
 Diffusion of free amine to L-G interface (surface depletion) \l,
» Diffusion of loaded amine back to bulk liquid (P"5,) \[,

+ Liquid turbulence |,

o 2 —— |NATIONAL o P 7
= |ENERD \ ; e
« CCSI ML e ==L LSRrebomsy todamos it

Cartion Cacitre Simutation ot Industry Impnet LABORATORY grm

13

3 .S5. DEPARTMENT O

g 4 u.s EP T T OF
Y ENERGY
%\



%

-%Z CcCcsl’

&

“Solvent > p'HZO

14

Amine soln. H,0 7m MEA 11m MEA 5m PZ 8m PZ
(d=0.4)
H@ a0t 0.65 2.4 4.0 3.6 11.4
(cP)
itchabl L : :
Water lean  Alkylcarbonates: Civ;/l:)t:mz?ees- Aminosilicones:  Nonaqueous organic amine blends:
solvent. IPADM-BOL TESA ' GAP-0/TEG AMP/PZ + EGME + 15 wt % H,O
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u, affects k,_in two ways (how much?)

kL = Cl. HOLDB

} k, (k,a) = Cy- kv
D = CZ. MV

e o — Directinfluence via the turbulence of liquid

* By —Indirect influence via D of mass transfer species

y, affects a,?
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Pilot packed column Air Outlet
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Chemical systems

* kg: Trace SO,/NaOH/H,0
e k;: Air/Toluene/H,0

* a, Ambient CO,/NaOH/H,0O
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Chemical systems

e kg Trace SO,/NaOH/H,0
e k;: Air/Toluene/H,0 + glycerol (1-70 cP)

* a,: Ambient CO,/NaOH/H,0 + glycerol
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Chemical systems

e kg Trace SO,/NaOH/H,0
* k;: Air/Toluene/H,0 + glycerol (1-70 cP)

* a,: Ambient CO,/NaOH/H,0 + glycerol

Kinetic model based on WW(C exp.
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SRP database

e 21 Structured Packings
MellaPak®, Montz-Pak®, GT-Pak®, Flexipac®, etc

e 12 Random Packings
Pall Ring, IMTP®, Raschig-SuperRing®, etc

e 4 Hybrid Packings
Raschig-SuperPak®, Hiflow Plus®

e 1 Gauze Packing

’ ( 2 N: ?;'fTE_QNfAL F\l s i B Lawrence Livermore s = W TEV A D i
CCSI TLIzEsNowoey “==] [ L4 National Laboratory - LosAlames \GiGlic.. v WestVigniaUniversity. TEXAS ENERGY
\ Carban Cagture Simutation for Indesstry Impact LABORATORY frrrwegwe~! 7 wen A il




21

Contents

4 Model of a,

L e Scale-up: secondary area

e Effect of i,

‘ ’ N=|N{NANAL F\l N B i asvencel o -2y b A i urveRsiry o L. .S, DEPARTMENT OF
C C S I TL NS bioay Towoces r"i 4 National Laboratory - LosAlamos  Pegific | ' WestVirginiaUniversity, TEXAS %, EN ERGY

' \ Carban Cagture Simulation for Indusiry Impact LABORATORY




Effective mass transfer area: a

D
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Secondary a,

Liquid =

5in.

10 ft.

Gas :>|: 6 ft.
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Secondary a,

. . aTop
Liquid = — |\
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Sec. a,is critical to scaling up
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Avg. value @ G =300 ACFM, L =10, 15, 20 gpm/ft
M 250Y (10 ft)
< 15%
L
©
S
2
o 10%
o
E Bottom area M 250Y
5%
0%

> 10 20 40 80 160
D (In) U.S. DEPARTMENT OF
P L ™ [1-To 17N (o] 3 uu—— - Column_ — . S EN ER GY




26

a, Model

11 0.138
Aepackin ( ——)
pa 4 =1.16-n-We - Fr
P
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a, Model
| 110.138
Gepacking _ 4 6.9 . (We . Frz)
ap
pL _3/9 0.138
= 1.16 - Ntype * Nmaterial * Nloading ° [ O') . 91/2 *Up - Ap / ] ',ng

Loading zone (AP = 400 Pa/m):
Nioading = 1.15

Random/hybrid:

Ntype = 1.34 - 0.26 (250 Plastic:
Nmaterial = 0.62
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Calculated/measured a, ;.
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a,_model w/ viscosity
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Liquid film mass transfer coefficient: k;

5
Avg. value @ G =300 ACFM, L =10, 15, 20 gpm/ft?
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Liquid film mass transfer coefficient: k;

5
Avg. value @ G =300 ACFM, L =10, 15, 20 gpm/ft?
@
4 =
. M 250 X/Y
A
<'_\
% 0 GTP 350 Y/Z
< 3
a0
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© @® StructuredY
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2
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Scaling packing height (k; )
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Scaling packing height (k; )

k,-u,9-4/D% (6 ft packing)

5

N
®
A
A e
6-10 ft Ratio
@
Structured 1.29
Hybrid 1.39
Random 1.54
Overall 1.32
2 3 4 5

k,-u,9-4/D%> (10 ft packing)
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Scaling packing height (k; )

k,-u,9-4/D% (6 ft packing)

5
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N
®
A
A e

6-10 ft Ratio
. —_—

Structured 1.29

Maldistribution is
Hybrid 1.39 worse for taller bed

Random 1.54 |

Overall 1.32

Correction = % = —0.54
2 3 4 5
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k, Model

—0.54

Z
Shy, = 0.12 - S¢S - ReX%° - Ga,’® - (1—8)

—-0.4 —
7 0.54

U, _
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Dependence on y, of k;

1.E-04 |
8 G =300 ACFM
— _ -0.75 predicted in model
B
= %
A >
% LE05 | 59 & 5
< @ B
g \go
s g@
>
iy N
Hybrid P
1.E-06 : :
0.5 5 50

\.'
N\

u; (cP)

WUniversity, fEXAS ’.

37

- .S5. DEPARTMENT O

DENERGY



1.E-04

1.E-05

kL.aPO.OGS/(uLO.SGS.g1/6,pL0.4)

1.E-06

Dependence on |, of k, .
i 8 G =300 ACFM Universally applicable
Direct =-0.40
-0.75 predicted in model <
/ Indirect =-0.35
. .
: . System-specific based
& on D-u relationship
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y: N
Hybrid P
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Comparison to other work: n 39
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Gas film mass transfer coefficient: kg

12

avg. k;/D%>
(00

A @
@ @
H
H A A = 8
» :
o ® O @® StructuredY
® O Structured X/Z
A Random
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Gas film mass transfer coefficient: kg

12

avg. k;/D%>
(00

Avg

M 250 X/Y @
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Model of kg

She = 0.28 - Sc:*> - Re; %% -

43

. 0.65
sin 2«

sin(2 x 45°)

—0.12
Ug

ke = 0.28 - u2%2 . (=5 - D@ - ap>® - (sin 2a)6°

aeffective
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Finer packings are more controlled by k;

0.008
Baseline: 0~ 72 mN/m, u~ 1 cP
@
@) @
°0.004 A
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@39 O A O O
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é 0.002 F @ Structured Y '
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Significance of this work e Selection of packing

* a,, a, material, type

 Reliable & simple mass transfer models

« Large database & column size, variance of i, * Selection of solvent
» No packing-specific parameter * Ky, 0, P
Qe packing ( _1)0'138 . . ..
. " =116-n-\We - Fr 2 e Selection of operating condition
P
e [,G
7 —0.54
o Sh,=0.12-5c05 - ReD565 . Gal/® . (ﬁ)
e Scale-up of column design
e Shg =0.28-Sc;”° - Re™®* - (sin 2a)*05

e Secondary effect, liquid
maldistribution
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Conclusions

a k, o« 07 (-0.4 &-0.35)
da, # ()

 All types of packings have
similar behavior in Apy,

d Z (or L/D) may strongly affect

mass transfer
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Recommendations

d Avoid finest packings
 Use low y, solvent

] Use reliable models
(developed in this work)
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