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From big to small or small to big




4 mm diameter pellets

0.2 mm particles




Mathematical model

Model begins by defining and advection-diffusion equation in
the void region
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Integrating the advection-diffusion equation
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Mathematical model

Equating mass flux at particle boundaries to mass adsorbed within the
particles

e & _0%c (1—0) dq
— 4+ U— = D—— — ),
Ot e 0z° PELYT
pa = (My— M;)/((1 - ¢)AL)
Langmuir equation Linearised Langmuir
A Jq

L T I{.'”f:'(ffm o ”) o ‘I"H"!? = A"'I("?'r o J)

Ot ot



Dynamic Adsorption Characteristics of Phosphorus
Using MBCQ

Qihui Liang ", Xinxi Fu *, Ping Wang, Xinxian Li and Peiyuan Zheng

College of Environmental Science and Engineering, Central South University of Forestry and Technology,
Changsha 410004, China; comet_liang@163.com (Q.L.); pingwang@csuft.edu.cn (PW.);
xinxianli@outlook.com (X.L.); 715520977@139.com (P.Z.)

* Correspondence: fuxinxil23@163.com; Tel.: +86-151-1103-5206

1.0} - ondbbrat v
- 08
=0.6
<06} 2
§ i
041 =
02
0.2} —e— 3(mm)
—e— 9(mm) i :
0.0 k& s = 1 1 4 M QOPEEE = . ' l :
0 100 200 300 400 ¢ o T?r?'lu&’{min]l . -
Time/(min)

) : r X Figure 7. Effects of bed height on breakthrough curves.
Figure 4. Effects of MBCQ with two particle sizes on the breakthrough curves.



Model 1

ge oc 0% 0

Da— + — = Pk T A
ol 02 )2+ i)l
Jq i
—=1-—-4.
Ot "

E — WCin T{-J;’;{“ — r_')}ﬁﬁ,fﬁ }

Advection-diffusion
model with linear

Langmuir

T = lll,"'f;fj

Length and time scales



Model 1: Travelling wave solution
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Travelling wave solution

Breakthrough curves for varying o
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Model 2
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Full Langmuir equation
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Increasing kd doesn’t affect form of breakthrough, but does affect time.
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Fixed kd=0.1

Again, changing phi
makes no difference to
the solution form
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Initial breakthrough suggests different mechanism ..

Assume contaminant flows through void region and then

diffuses into the particle and finally is adsorbed inside the
particle

Consider a cylindrical cross-section particle
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Recall the final integral
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Leaving a coupled system of
g o - - advection-diffusion, diffusion
ot = KaCp(Gm — q) — kad in a particle and Langmuir
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* Awaiting results but ... this form has different time-scales: flow,
diffusion and adsorption suggesting more complex behaviour. Seems
the best option.
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To do

* We can capture a given data set but the obtained parameter values
will not provide the correct solution form for larger particles

* Finish the particle diffusion model and investigate appropriate

parameter regimes. This seems a promising route and should allow
scale up.

* Find more data to verify models

* Alba — experiments with same components but different size columns



