CE407
SEPARATIONS

Lecture 25
Instructor: Miao Yu

University at Buffalo
Department of Chemical
and Biological Engineering

School of Engineering and Applied Sciences




University at Buffalo
Department of Chemical
and Biological Engineering

School of Engineering and Applied Sciences

Adsorption Fundamentals

The last lecture looked at Adsorption as an observation of typical results

Today we will look at it from more of a viewpoint of fundamental principles
» Did someone say “Material Balances”?

1 — ¢ Fraction particles

L] bt
& o =+ de

The concentration of solute in the solution, c, is changing because the solute is being adsorbed onto the
surface of the adsorbent solid

The change in superficial velocity is small for a dilute solution and we will treat it as a constant, u,
€ is the external void fraction (i.e. How much open space exists around the particles) R

(1 — e) is the fraction of space taken up by the adsorbent particles R
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O
Adsorption Fundamentals —;
. 1 — ¢ Fraction particles
* The change in the amount of solute per unit cross-sectional area is: :E_"' e | S, I
Uygc — uy(c+dc) = —uydc 1 dl
-

what goes in the control volume — what leaves the control volume = change in amount in control volume

* The change in the amount of solute results from two different causes:
1) The change in the fluid concentration

di dac
€4 Bt

€ dl is the volume of fluid in the control volume per unit cross-sectional area

% IS the change in concentration (mass/volume) with respect to time

2) The change in surface adsorption

ow
(1 - 6) dl pp E N
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Adsorption Fundamentals

* The change in surface adsorption

ow
(1 - E) dlpp E

« (1 —¢)dlisthe volume occupied by particles in the control volume per unit cross-sectional area
* pp Is the mass of particles per unit volume
* (1 —e¢)dlp, is the mass of particles in the control volume per unit cross-sectional area

mass of solute adsorbed

. ‘;—v: Is the change with respect to time of the

mass of adsorbent particles

* The two causes added to one another must equal the change in the amount of solute in the control

volume per unit cross-sectional area, therefore we arrive at this partial differential equation:

dac ow
661E+(1 —e)alppa=—u0dc
ac ow dac
€t T (1 =P 5 ="t 5




University at Buffalo
Department of Chemical
and Biological Engineering

School of Engineering and Applied Sciences

Mass Transfer to Adsorbent Particles
Three Steps:

1) Diffusion through film layer around the particle ) __Eé 1 o'
2) Diffusion through pores into internal surfaces ALV g
3) Actual adsorption step Particle with film layer Close up of layer

» Practically instantaneous relative to steps 1) and 2)
This can be modeled as:

ow .
1 —G)PpE=Kca(C — ")

a is the external surface area of the particles
c” is the concentration value in equilibrium with w
« Obtained via the isotherm

1_1+1 1 1
K. k k

= — - + -
Film Resistance Pore Resistance =,

Cext Cint N

» These equations are not generally solvable, but there are special cases that can be worked out
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Regeneration

If the particles and the product can withstand high temperatures, then you can use heat to release the
product from the adsorbent
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* At higher temperature the equilibrium shifts and the adsorbent releases the solute

* Use a back flow of steam or air (if the materials are all non-flammable) or N,

* Regeneration is stopped soon after the temperature front reaches the feed entrance
« Asignificant amount of adsorbed material remains which means breakthrough time is reduce._

A

- Exit end is almost fully regenerated so that high percentage removal of solute is still possible ™
« Balance of energy cost per cycle versus length of cycle 6 7
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This problem deals with some experiments performed in Elroy
Hutch's laboratory on adsorption of n-hexanol from air in a
10 cm long carbon-filled bed. Measured concentration profiles
are shown in Fig. 1 for various times after the initial time t = 0,
with x = distance along bed.

Details of the experiment are as follows:

= superficial gas velocity = 72 cm / s

M 258 ppm hexanol (ppm = mole fraction X 106)

u

c

™°= 50 “c
P = 690 mm Hg 3

Ryea = 0-45 g carbon / cm~ bed volume

You may assume that c¢(L,t) = 0 for £t €£2 h and c(L,t) = <, for
for £t 29 h.

(a) Prepare in either graphical or numerical form a representation
of the breakthrough curve.

{(b) Calculate the saturation capacity of the carbon and the
fraction of the bed used (in terms of eguivalent bed length)
at the beakpoint if this is defined according to the
criterion c(L,tb) = 0.10 Cy-

(c) Assuming that the unused length of bed is independent of

total bed length, estimate the break-point time for a 20
cm leng bed.
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{ c
Jo Fain (1—c—0

) at

w(t) =
L pped

Wp

Wsat

= fraction of bed utilized
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~ This problem deals with some experiments performed in Elroy Hutch's
laboratory on adsorption of water from air in a bed filled with silica gel
(length L = 60 cm). Measured concentration profiles are shown in Fig. &4 for
various times after the initial time t = 0, with x = distance along bed. You
may assume that c(L,t) = 0 for t < 2h. Details of the experiment are as
follows:

u

¥ superficial gas velocity = 13.1 em/s;

y = water mele fraction in entering gas = 5210 x 10-6;

> = 20°C;

P = 3.0 atm;

Phed ™ 0.30 g silica gel/cm3 bed volume
The break-point time t, is defined by the criterion c(L,tb) =0.10 ¢ .

Elroy abandoned the experiment after 5 hours {(to go buy scme bananas to
eat). Thus, insufficient data exist to determine the saturation capacity of

the bed by time integration. Figure 5 will allow you to determine "sat by
alternate means.

O
(a) (10 points) What is the saturation capacity of the bed W__, in

g water/g silica gel?

(b) (30 points) What is the unused capacity of the silica gel (in terms
of equivalent bed length) at the break-point?

(¢) (10 points) Estimate the break-point time for 2 longer bed length of
100 cm, all other conditicns being equal.

Data: vapor pressure of water

T(*C) P22 (am Hg)

820
20 19.8
30 31.8
40 55.3
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t C
_fOFA,-n (1—c—0) dt

w(t) =
L ppea
Wph . s
= fraction of bed utilized
Wsat
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This problem deals with some experiments performed in Elroy
Hutch's laboratory on adsorption of n-hexanol from air in a
10 cm long carbon-filled bed. Measured concentration profiles
are shown in Fig. 1 for various times after the initial time t = 0,
with x = distance along bed.

Details of the experiment are as follows:

u, = superficial gas velocity = 72 cm / = 6
c. = 258 ppm hexanol (ppm = mole fraction x 107)
o

T on0.

P = 690 mm Hg 3

Ryea = 0-45 g carbon / cm~ bed volume

You may assume that c(L,t) = 0 for £t £2 h and c(L,t) = <, for
for £t =29 h.

(a) Prepare in either graphical or numerical form a representation
of the breakthrough curve.

{(b) Calculate the saturation capacity of the carbon and the
fraction of the bed used (in terms of eguivalent bed length)
at the beakpoint if this is defined according to the
criterion c(L,tb) ek oo 0 M

o

(c) Assuming that the unused length of bed is independent of
total bed length, estimate the break-point time for a 20
cm leng bed.
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~ This problem deals with some experiments performed in Elroy Hutch's
laboratory on adsorption of water from air in a bed filled with silica gel
(length L = 60 cm). Measured concentration profiles are shown in Fig. &4 for
various times after the initial time t = 0, with x = distance along bed. You
may assume that c(L,t) = 0 for t < 2h. Details of the experiment are as
follows:

u

¥ superficial gas velocity = 13.1 em/s;

y = water mele fraction in entering gas = 5210 x 10-6;

> = 20°C;

P = 3.0 atm;

Phed ™ 0.30 g silica gel/cm3 bed volume
The break-point time t, is defined by the criterion c(L,tb) =0.10 ¢ .

Elroy abandoned the experiment after 5 hours {(to go buy scme bananas to
eat). Thus, insufficient data exist to determine the saturation capacity of

the bed by time integration. Figure 5 will allow you to determine "sat by
alternate means.

O
(a) (10 points) What is the saturation capacity of the bed W__, in

g water/g silica gel?

(b) (30 points) What is the unused capacity of the silica gel (in terms
of equivalent bed length) at the break-point?

(¢) (10 points) Estimate the break-point time for 2 longer bed length of
100 cm, all other conditicns being equal.

Data: vapor pressure of water

T(*C) P22 (am Hg)

820
20 19.8
30 31.8
40 55.3
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