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Abstract

To evalusie the onpesc coutmmanants femoval performance of bollow cylindical block-thaped porous activated
carbon media, COMSOL Multipbywcs® sisoulation software with Chenuical Engineering toodde was used. The study
clearly desmsonstrates how esch orgamuc coampound @ & seady-state fhud 15 dysamacally tosporied i the thuee-
dmoennoual porows medin and temsoved by adsorpton The smmilited adsotption resulty are compared f0 Se
expenonntal et data for validanen Axisyimenie geomegy 2 COMSOL gives better sinudation sccreacy and frver
computanon than fdl Seee-dmennonal peomeny doe 1o ligher element guality and lower volume'wes rano. Based
oa 5% breakthrongh (95% resnoval) e the COMSOL smulations have ouly 0 9-2 9% discrepancy froms the actual
data, whade 2 classical fwe-dimensions! r3pid-zmall-scale cobumn test (RSSCT) mode] method Sas 30 3.78 2%, The
COMSOL Mulnphyscs® model used i thus manspoctsdiorption smady successfully dezmscastrated not only flow
patierns i the modulated reactor bt also chemical concentranon changes m the fuli-scale porows adsorbens struchue

Kevwords: Porous wedia, Sow analysis. chemsocal sdsorption. Gltration. sctrvated carbon

Introdue tion

Grapalar and powdesed sctivated carbons have been
widely wed for punificanca filtration m s and water
as catlyis oc orgamc adsorbenn  {(Aljebocee
Alshinfi. & Alkaom 2017, Chen. Dustert. & Suffes
1997; Chhang, Ching, & Hwang, 2001. Cotoruelo et
al. 2010, Cratenden. Hand, Arcra, & Bexgamum Jr.
1937, HUMpolx, Odetn, Fernsts, & Vicente 2013
Ial et al, 2009 Ruddy & Camoll, 1993) Skh
Wangpauchitr, and Suffet (2003); (Sham Lee &
Moon, 2003, Surmmers & Laura, 1992, Teai, Clsang
Husng. & Cluang, 2008; Yu Zhang, Denz. Humng, &
Yu, 2009). To obtain mechameal Eltration capacity
and inorganic reducton performance. activwied cashon
catt be Sormed 100 # block-shaped posons mmedia & m
Figme 1. demomstating excellest removal of
witerbomme contamnants. wach At particulate, heavy
metals, and organic compounds Somoe exsaples of
Bese Typed of contanumants would be ssbestos, lead
mercwwy, volatile'senu-velatile ecpame compounds
(VOCs), and emerming cogamuc comtamunasts Like
Disinfecoon bv-Products (DBP1), Plarmacesncals
Endocrme Dwoupting  Compownds (EDCa)
PerPolyfluorcallyl  Substances (PFAs) et
(Kuezmen. Taylor, Viz Dyke, & Groenevelt, 1992
Enennen, Van Dyke, Coftendes, & Hand 1989)

Ferformamce Data Sheet. eSpring Water Purifier
2019)
To evalante the performance of adsorbens media, rapad
unall-scale colunm teet (RSSCT) madels wch m
bomogeneous sarfoce dffowon model (HESDM) and
pove uuface diffumon wodel (PSDM) Eave been
widely wed 0 estinute bresktheongh cueves of
different oepanic pecies I a closed sviem
(Cnmenden et al, 1591; Hand Comendes, Asors,
Milles, & Benjazzan Jr. 1989), Both RSSCT models v
based cu the two-dimpensional ideal plug-fow
systems, thys mare suitable for colmun-chaped packed
bed reacsors. Howeves, 2t does not accurately represent
the cystem performumce of materials in other complex
reactor dengms. especially m bollow cylmdrical block-
shape The incomung mass fhox to the porows medsa
deteruuned by the flow both ontaade and mude porous
media The comtammant mass Sy greathy depends on
system dessgn and ofien has large spatial varations
t2e fhnd Bux s not evenly di od made the
reactor. Im thus case, » specific portion of the medsa
ubxater fater than the rest. leading to effuent
concentiation mcresse ot that powt wisch mpocts te
ovenall performance. Thee, it s especially challesging
w precizely simulste both Samsport and seaction
phe e of each at the msoe tme

Volume treated (GAL)

https://doi.org/10.25611/fmxp-ff31
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2019 COMSOL Conference Best Paper Award Amway

* Dr.Jun Kim from Durable PD - Water,

presented new research findings at the
2019 COMSOL Conference.

* The proceedings entitled “Simulating
Transport and Adsorption of Organic
Contaminants in 3D Porous Activated
Carbon Block Media” was awarded the
BestPaper Award.

* Authors:
Dr. Jun Kim, Amanda Morgott, Ziqi Wu,
Liane Hopaluk, Michael Miles,
William Stoner, Qilin Li

Svante Littmarck (left), Founder/CEO of COMSOL and Dr. Jun Kim
(right), Product Development Engineer in Durables PD.
(Image credit: COMSOL)
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NSF/ANSI 53 — Lead: CERTIFIED
NSF/ANSI 53 — Mercury: CERTIFIED
NSF/ANSI 53 — Radon: CERTIFIED

U Lead

o US EPA primary drinking
water pollutant

o US EPAAction Level: 15 ppb

o Damage to brain, kidneys,
nervous system.

Source:
Water Quality Association (WQA) Fact Sheet

MVM! Figure 1. Heterogeneous porous media and contaminants in water. 1/10
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Computation time Computation time
~1 day ~2 min

Table 1. Statistics of % element in COMSOL. full three-
dimensional (Full 3D) vs. axisymmetric (AS) mesh.

Full 3D AS
Predefined mesh Coarse Finer
Number of Elements 14.852 16.854
Element quality 0.6741 0.9335
Volume/area ratio 0.1048 0.0362

Kim et al., 2019
https://doi.org/10.25611/fmxp-ff31

Amway 3/10
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 Model Equations for Inorganic Contaminants
 Based on Langmuir model

* Transport and reaction on the surface (source term, f)

f =Ta—Tg= kads,ACA(Fp,A - Cp,A) - ffd'é's;lcp,A

where

1,4, T4 1S the rate of adsorption and desorption, respectively (mol/m3-min)

kqas.a and kges 4 is the rate constant for the adsorption (m3/mol-min) and desorption (1/min), respectively

[,,4 is the total volume concentration of active sites in particle pores (mol/m?)

* Assume chemical reaction (r; >> 1, )
* Rate of adsorption: numerically solving surface mass balance using PDE

RESﬂgELOPMENT 4/ 1 O
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 Model Equations for Inorganic Contaminants

 PDE based modeling (General Form PDE Interface)
* Source term: adsorption rate, 1, (assume 7, >> 1)

2
a Cp’A

an’A
an"5¢2

+ da’AT +V: (_Dp,Avcp,A) = kads,ACA(Fp,A - Cp,A)

where

eq 4 and dg 4 is the mass coefficient and the damping coefficient, respectively
D,, 4 is the surface diffusivity of the chemical species, A (m?/s)

kaas,4 1S the rate constant for the adsorption (m3/mol-min)

[,,4 is the total volume concentration of active sites in particle pores (mol/m?3)

* Conservative laws (diffusive mass transfer)

e Coordinate system (Cartesian vs. Curvilinear)

+ Cylindrical  v.(e7) = 2«20y 2 2Ty 0,00y 10 0T 10 nIT\ 0 0T
y VARVT) = g )4 5,y e e Ay F R G

— (K=
dz"' Oz

e Axisymmetric V.I' = ld(f‘r’") + (‘?T* = (‘?r’" + (’%r* r"’".
roor 0z or Jz r

RESﬂgELOPMENT 5/ 1 O
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 Model Equations for Inorganic Contaminants
* PDE based modeling (General Form PDE Interface)
e Using an alternative source term for compensating the conservative flux term

or, or. T. or, ol I,
[ e G T R

* For conservative flux, V - (—Dp,AVCp,A)

ac ac
— “"pA _ p.A
Dp’A ar y Dp’A az

 For source term, f

Cp,A

kads,ACA(Fp,A — Cp,A) t Dpa -

https://www.comsol.com/blogs/quidelines-for-equation-based-modeling-in-axisymmetric-components/

Amway 6/10
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Fluid movement in the entire reactor:
Free and porous media flow (fp)

Mass transport of the chemical species in the porous media:
Transport of Diluted Species in Porous Media (tds)
Interface with a time-dependent study step.
*contaminants level: ng/L (ppt) - ug/L (ppb)

Chemical Engineering module: partial differential equation (PDE)
General Form PDE interface

Amway 7110
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50 e
COMSOL_MediaA |

40
. —e—Experimental_MediaA

30 F = COMSOL_MediaB

C/CO

Conc. (ppb)

20 + —®*—Experimental_MediaB

10

Volume treated (GAL)

Media +/- %
Media A N/A
Media B 0.7%

e Simulated result < 1% difference

M * Same media weight, different kinetics (k;4s) 8/10
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1. A mass-transport equation describing the concentration of 7
contaminant in the fluid (c) and on the adsorptive material L
surface (c,) was solved numerically using the built-in PDE
interface.

2. The simulated results successfully explain how material’s
embedded kinetic characteristic, in terms of adsorption rate,
plays an important role in the filtration performance of
adsorptive media.

3. The Chemical Engineering module in COMSOL can minimize
lab-works and protect researchers from dangerous
experiments, especially during pandemic situations.

Amway 9/10
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