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ObjectivesObjectivesjj

• To establish a mathematic model for 
adsorption/reaction processes using bothadsorption/reaction processes using both 
packed beds and microfibrous entrapped 
sorbentssorbents.

• To investigate the effects due to using 
microfibrous media.
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OutlineOutline

• Microfibrous Entrapped Sorbents/Catalysts
• Model Evaluation

– Particle size effects
– The relationship between lumped shape factor (K) and apparent 

reaction rate constant (k )reaction rate constant (ka)
– The relationship between K and challenge concentration (CA0)
– The relationship between K and sorebent bed capacity density (c)
– Effects of microfibrous media and void

• Composite Bed (Packed Bed+Polisher)
C l i• Conclusions

• Acknowledgements
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Microfibrous Entrapped Microfibrous Entrapped 
S b t /C t l tS b t /C t l tSorbents/CatalystsSorbents/Catalysts

• Unique form factors and thermal

Concept: Properties:
• Unique form factors and thermal 

integration
• High contacting efficiency
• High intrabed thermal conductivity 
• Enhanced mass and heat transfer
• Ease of regeneration
• High voidage (i.e., 75% for glass 

fiber entrapped sorbents)pp )

Microfibrous Entrapped
Micro-catalyst/sorbent particles
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Glass Fiber Entrapped SorbentsGlass Fiber Entrapped Sorbentspppp

SiO2 particle Properties of Glass Fiber
Entrapped Sorbent (GFE)

glass fiber Component Wt.% Vol.%
ZnO 12 N.A.
SiO2 66 22
Fiber 22 3

20m

Glass fiber entrapped SiO particles

Void N.A. 75
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Glass fiber entrapped SiO2 particles



Bed Service Time ModelsBed Service Time Models

Term Yoon’s Model Wheeler Model Mecklenburg Model

General Equation         t=A’+B’C’

Term Yoon s Model Wheeler Model Mecklenburg Model
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•Yoon, Y.H., Nelson, J.H., (1984). Application of Gas Adsorption Kinetics: I. “A Theoretical Model for Respirator Cartridge Service Life. American Industrial 
Hygiene Association Journal, 45, 509-516.



Modified Amundson ModelModified Amundson Model

• For a second order heterogeneous reaction 
Amundson model
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• Modified Amundson model• Modified Amundson model
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c defined as capacity density, is actually an 
effective ZnO molar density
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Solid reactant
effective ZnO molar density.

•Amundson, N.R., (1948). A note on the mathematics of adsorption in beds. Journal of Physical Colloid Chemistry, 52, 1153-1157.



Mass Transfer CorrelationMass Transfer Correlation
f A t R ti R tf A t R ti R tfor Apparent Reaction Ratefor Apparent Reaction Rate


 ca kk 1


pd

)1(6  


p

AB
c d

D
Shk  3

1
Re ScJSh d

39.0eR24.1 dJ )1(
ReRe"




 
2

3
1

61.039.1144.7
p

ABp
a d

D
Sc

Ud
k 














  

c

A

p

ABp C
d

DSc
Ud

K



 0

2
3

1
61.0

39.1144.7 









p p

pp

p

ff

f

d
a

d
a

d 


1 For Packed Bed
External surface area based average

  ABs
a dd

DScUdk 3
1

61.039.1144.7 









   AABs C

dd
DScUdK  03

1
61.0

39.1144.7 







ppffsd 

AIChE 2007 Annual Meeting, Salt Lake City, Utah 8

ps
a dd



 

 
cpsdd 

 





For Microfibrous Media



Model EvaluationModel Evaluation
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A commercial ZnO sorbent (60-80 mesh, 1 g) was tested with challenge gas concentration 
of 2 vol. % H2S in H2 and flow rate of 100 ml/min STP, at 400 ºC.



Particle Size EffectsParticle Size Effects
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ZnO/SiO2 sorbent and glass fiber entrapped ZnO/SiO2 sorbent (GFES). Tested with challenge gas of 2 vol. % H2S in 
H at a face velocity of 1 2 cm/s at 400 ºC
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H2 at a face velocity of 1.2 cm/s at 400 C.



Lumped Lumped KK vs. vs. kkaapp aa
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Breakthrough curves of ZnO/SiO2 sorbent at different face velocities (m=0.1g, v=1.24 cm/s). Tested with challenge gas 
of 2 vol. % H2S in H2 at 400 ºC.



Lumped Lumped KK vs. vs. CC00
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Time (min)

In each experiment, 0.8 g ZnO/SiO2 was tested at face velocity of 5.0 cm/s at 400ºC.



Lumped K vs. Lumped K vs. ccpp cc
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H2S in H2 at a face velocity of 1.2 cm/s at 400 ºC. 



Lumped K vs. Lumped K vs. cc ––Cont’dCont’dpp c c 

0.9

1

0.6

0.7

0.8

/C
0

1
1M1
1M2

sorbent only
sorbent mixed with 1 part inert
sorbent mixed with 2 part inert

0.3

0.4

0.5

H
2S

 C
/ 1M2

1M3
1M4

sorbent mixed with 2 part inert
sorbent mixed with 2 part inert
sorbent mixed with 2 part inert

0

0.1

0.2

0 5 10 15 20 25 300 5 10 15 20 25 30

Time (min)

Breakthrough curves of ZnO/SiO2 sorbents (0.2g ZnO/SiO2 with ZnO loading at 
17 wt %) diluted by various amount of SiO2 particles Tested with challenge gas of

AIChE 2007 Annual Meeting, Salt Lake City, Utah 14

17 wt.%) diluted by various amount of SiO2 particles. Tested with challenge gas of 
2 vol. % H2S in H2 at a face velocity of 1.2 cm/s at 400 ºC. 



Lumped K vs. Lumped K vs. cc --Cont’dCont’dpp c c 
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(A) packed beds of ZnO/SiO2 sorbents (100-200 m) with various ZnO loadings 
(B) diluted packed beds of ZnO/SiO2 sorbents (100-200 m).



Effects of Void and Effects of Void and 
Mi fib M diMi fib M diMicrofibrous MediaMicrofibrous Media

Packed bed Packed bed
( id dil t d)

Microfibrous 
t d b t *Packed bed (void diluted) entrapped sorbents*

 0.4 0.75 0.75
 (mol/cm3) 0 0012 0 00042 0 00042

sd

c (mol/cm ) 0.0012 0.00042 0.00042
dp (m) 150 150 150

(m) 150 150 63

kc/kcp 1 0.67 0.99
ka/kap 1 0.16 0.22
K/Kp 1 0.67 1.13

K/Kp (experimental) 1 - 1.32
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*Contains 3 vol.% 8um glass fiber



Kinetics in Composite BedKinetics in Composite Bedpp
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1 ppm BT
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Kinetics in Composite BedKinetics in Composite Bedpp

Test

K (s-1) τ (min.) zc (cm)

initial final initial final (1 ppmv) (0.1 ppmv)*

Polishing layer 1.33×10-2 - 18.3 - 0.149 0.189

Packed bed 4.08×10-4 1.10×10-4 370 630 1.84 4.03

Composite bed 4.03×10-3 1.15×10-4 327 595 1.36 2.17
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ConclusionsConclusions

A difi d A d d l f ll h t i d th• A modified Amundson model successfully characterized the 
adsorption process taking place in fixed bed reactors;

• Lumped K is introduced to describe the breakthrough curves. K p g
is a function of apparent reaction rate, challenge gas 
concentration, and sorbent capacity density;

• High voidage decreased the apparent reaction rate; the micron-High voidage decreased the apparent reaction rate; the micron
sized fibers reduce the characteristic dimension. 

• The low capacity density increase the lumped K;
• Microfibrous entrapped sorbents have low capacity but high 

sorbent utilization. 
• Composite bed (a packed bed followed by microfibrousComposite bed (a packed bed followed by microfibrous 

entrapped sorbent polisher) synergistically combines the high 
volume loading of packed beds and the overall contacting 
efficiency of small particulates
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efficiency of small particulates.
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