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OUTLINE

Laboratory scale reactor:

Introduction.
- The Problem.

Methodology.
- Proposed

Vp,=188.5cm3, V=11
Lamp: Philips TL 6W

L=21cm,®=1.6cm

Scaling-Up
Procedure.

Lab Scale.

- Photoreactor

- Mass Balance.

- Kinetic Model.

- Radiation Model.

- Kinetic Parameters
Estimation.

Bench Scale.
- Photoreactor
- Radiation Model. .
et | catalyst:  0.02-0.2 g/L TiO, Degussa P25

- Mass Balance.

- Scaling-Up Radiation: 0.8-2.7 x 106 Einstein / s
Validation.

Microorg.: 103 -108 CFU/mL E.coli

Conclusions.

Simulation and Design of Photoreactors
Javier Marugan AOPs School, Porto, 11th July 2017

—

Lamp + Neutral Filters
Actinometry

~40 W / m?

Universidad
Rey Juan Carlos



Lab Scale: Photoreactor: Mass Balance
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ASSUMPTIONS: 1. The system is perfectly mixed.
2. No mass transport limitations.
3. Differential conversion per pass.
4. No parallel dark reactions.
4 h
d [B] (t) _ VReact <R (X t)>
dt N BA= VReact
Tank Tot
\_ .
[B] Bacterial concentration
t Time
Vizeact ! V1ot Reactor volume / Total volume

(Rg (x,t))
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Kinetic Model: Lab Scale Experimental Data
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Kinetic Model: Empiric Equations
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Kinetic Model: Series Event Mechanism
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Kinetic Model: Pseudo-Mechanistic
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Intrinsic Kinetic Model: General Equation
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Intrinsic Kinetic Model: Limiting Cases

OUTLINE

Introduction.
- The Problem.

Methodology.

- Proposed
Scaling-Up
Procedure.

Lab Scale.

- Photoreactor

- Mass Balance.

- Kinetic Model.

- Radiation Model.

- Kinetic Parameters
Estimation.

Bench Scale.

- Photoreactor

- Radiation Model.

- Kinetic Model.

- Mass Balance.

- Scaling-Up
Validation.

Conclusions.

ads ~cat

[Bu]2 _a4[Bd]2

CFU ——q Kadchat [Bu]2 _1+ 1+ O[Zea
sem® ) 1+K,,Co ) [B, ]+, [B, ]+ ([B], -[B,1-[B,]) SyCea

]

CFU —a Kadchat
sem’) (14K, Coy ) [B1+ e [B ]+ ([B], ~[B,1-[B,])

Kadchat >> 1

B¢

4 kinetic parameters
a,, d,, ds, A,

Meaningless simulation
results for C_,, effect

Simulation and Design of Photoreactors

Javier Marugan

AOPs School, Porto, 11th July 2017

{—1+ 1+ Sai :l
g “cat )
Kadchat — O
a = 0[1 Kads

4 kinetic parameters
a,a,, d;, d,

Universidad
Rey Juan Carlos



Intrinsic Kinetic Model: Limiting Cases
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Lab Scale Photoreactor: Radiation Model
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Kinetic Parameters Estimation

OUTLINE @

Introduction.

- The Problem. Rad | a.t| on

Methodology. Model /12\

RTE  — I/I,Q = f (Ccat’ irrad ? geometry)

- Proposed LVRPA =¢e? = j K J‘ |, .dQdA
Scaling-U A Q=47 ne
P(r::clggure? . . \Zi

Lab Scale. KI n etl C \
- Photoreactor MOdel 0,0,,0,5,0, Kads’Ccat [B]O

- Mass Balance.

- Kinetic Model.

- Radiation Model.

- Kinetic Parameters

~—

Estimation. Mass d[B,](t) Ve ) d[B,](t) _ Veeao (R, (x.1))
Bench Scale. Balance dt Vig ' = Vs dt Vi T e
- Photoreactor
- Radiation Model.

- Kinetic Model.
- Mass Balance. I '
~Vass Bala Simulation

Validation. Resu ItS

Conclusions.

Simulation and Design of Photoreactors Universidad
. , niversida
Javier Marugan AOPs School, Porto, 11th July 2017 Rey Juan Carlos



Kinetic Parameters Estimation

OUTLINE @

Introduction.

- The Problem. Rad | a.t| on

Methodology. Model /12\

RTE ‘ I}L,Q = f (Ccat’ I:)irrad J geometry)

- Proposed LVRPA =e* = [ ", [ I, ,dQd2
Scaling-U Aocay, A2
g i B o

Lab Scale. KI n etl C \a

- Photoreactor MOdel 0,0,,0,5,0, Kads’Ccat e [B]O

- Mass Balance.
- Kinetic Model.
- Radiation Model.

- Kinetic Parameters \
Estimation. MaSS d [B ](t) V
Balance

)] v

— \;eact <Rd ()—(’t)>\/Ream

u — _React <RU()_(,t)

>VR9 act

Bench Scale. t A dt ot
- Photoreactor

- Radiation Model.

- Kinetic Model.

- Mass Balance. S| mu | a.t| on

\Slgﬁcljlgt?olr:p Results [Bu + Bd ](t)

Conclusions.

Simulation and Design of Photoreactors Universidad
. , niversida
Javier Marugan AOPs School, Porto, 11th July 2017 Rey Juan Carlos



Kinetic Parameters Estimation

OUTLINE @

Introduction.

- The Problem. Rad | a.t| on

Methodology. MOdel %

RTE  — I/I,Q = f (Ccat’ irrad ? geometry)

- Proposed LVRPA =e? :I ’ K J‘ dQdA
Scaling-U 2)oia, A0
P(r::clggure? . . \Zi

Lab Scale. KI n etl C \
- Photoreactor MOdel 0,0,,0,5,0, Kads7Ccat [B]O

- Mass Balance.
- Kinetic Model.
- Radiation Model.

- Kinetic Parameters \
Estimation. MaSS d [B ](t) \V/
u React R
Balance (R0,

d[B,](t) _

\;eact <R (X t)>

Bench Scale. dt A dt ot
- Photoreactor

- Radiation Model.

- Kinetic Model.

- Mass Balance. S| mu | at| on

- Scaling-Up
Validation. Results [Bu + Bd ](t) VS Experimental

Conclusions.

Simulation and Design of Photoreactors Universidad
. , niversida
Javier Marugan AOPs School, Porto, 11th July 2017 Rey Juan Carlos



Simulation Results: 5-Par Model
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Simulation Results: 4-Par Model
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Bench Scale Photoreactor
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Bench Scale Photoreactor: Mass Balance




Bench Scale Photoreactor: Mass Balance
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Optimum [TiO,]: Bacteria vs Molecules
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e The performance of large scale photocatalytic reactor has been
simulated following an absolutely predictive procedure based on the
intrinsic kinetics and the information about the geometry, irradiation
source and operation conditions.

e The only experimental information required to be determined at
laboratory scale is the intrinsic kinetics that describes the explicit
dependence of the reaction rate with the LVRPA.

* The proposed method for the scaling-up of slurry reactors for the
photocatalytic inactivation of E. coli with TiO, in suspension has been
successfully validated in a ten times higher irradiated volume reactor,

including the predicted optimum concentration of catalyst predicted
by the model.
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