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Adsorption = adhesion (binding) of a species (adsorptive) to an interface

Gas phase (adsorbent)
® ® . ® o Adsorptive
Desorption I ‘/.
e © o ® Adsorption
Adsorbate—> .. e © @
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Adsorbent

Adsorbent: Substance (usually solid) with an interface where the adsorption occurs

Adsorbate: Substance trapped at the interface
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Physical Vs. Chemical Adsorption
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Physical adsorption Chemical adsorption
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Some properties of the activated carbon

Parameter Value
AC1 AC2
Specific surface area (m*/g) 962.5 956.52
Porous volume (cm®/g) 0.312 0.791
Carbon (%) 52.49 49.41
Oxygen (%) 31.3 34.13
Potassium (%) 0.432 8.977
Si (%) 1.739 1.321
Ash content (%) 48 2
i Iodine number (mg/g) 815.525 735.24
— B8
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Sample BET-surface Pore diameter Pore volume
area (m?/g) (nm) (cm’/g)
Mesoporous Al;03 312 42 0.36
Cu-Mn/Al; O3 150.9 34 0.28
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pH BET surface arca (m%g) BIH desorption values
Surface area (m*fg) Pore velume (cofg) Average pore rudius (%)
2 477.8 1504 0.2 17.7
] 3164 343 04 249
3 179.9 1754 0.3 2090
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Macropore
Region
=»500 Angstrom

Mesopore
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20-500 Angstrom

Micropore Region
0-20 Angsirom
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Physical Vs. Chemical Adsorption

Chemical Adsorption
(Chemisorption)

Physical Adsorption
(Physisorption)

- surface symmetry insensitive
- may form multilayers

- surface symmetry specific
- limited fo monolayer

Physical adsorption

3

=const.

Isotherm: T=const. Isobar: p=const. Isochore:
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Adsorption Isotherm

Plot of the adsorption isotherm : Measure of the amount of gas adsorbed for
different increasing values of p/p® until saturation (p/p°=1).




Isotherm models:

Langmuir Model 1916

Determination of the monolayer volume

Assumptions and Limitations

1. Adsorption does not proceed beyond monolayer coverage

2. All Adsorption sites are equivalent, and the surface is completely
uniform

5. Completely reversible adsorption

Langmuir Model

Rate of adsorption

.
Adsorbate .. .
/dsorbent /// ///////
Pressure

The rate of adsorption r 4, is Taas = Kags (1-0) p
then:

‘0= No. of molecules adsorbed onto surface %
w1 - -

h No. of molecules adsorbed at monolayer coverage V.




Langmuir Model

Rate of desorption
)

X Io *9
o A OO %
Gl

The rate of desorption rg, is Fges = Kges 0

then:
wit = No. of molecules adsorbed onto surface A
h No. of molecules adsorbed at monolayer coverage V.

What happens at
equilibrium?

Langmuir Model

At Equnllbr'lum,.Two rates are equal: Foge = P e
Adsorbate

o'” Tl. eo | ® ielding:  Kags (1-8) p = Kyes ©
OO%O QOQ @ Yielding: ads des

@
O OO
/ /Ad///b/{/ I 7] N
e ’!/' 0=1 kdes T pkads
’ k
If we define K= k_a and,
after transfmation wed get:
0=
K
0= P The Langmuir isotherm
1 +Kp




Isotherm models:

Stephen BET

Brunauer

Model: 1938

Edward

Teller
Paul H.

Emmett

Assumptions and limitations

1. All adsorption sites have the same energy (homogeneous surface).

2. No lateral interactions between adsorbate molecules.

BET Model

The surface is covered by O, 1, 2, I, n layers

Molecules occupy a surface fraction 6,, 6,, 6,, 6;,0,

b

0
BET equation : p — 1 Ca_l po
ve-Ly VoG ViCp




Adsorption On Solid Surface

= Summary of adsorption isotherms

Name Isotherm equation  Application Note
H_Q_ B,P Chemisorption and Useful in analysis of
Langmuir ~C, 1+BP physisorption reaction mechanism
Chemisorption Chemisorption
Temkin 8=c,In(c,P)
0=c pl/CZ Chemisorption and Easy to fit adsorption
: physisorption data
Freundlich p/p 1 c-1

=—+°2(P/B)

V(1-P/E) ¢V, ¢V,

Multilayer physisorption

Useful in surface area
determination

BET

©

Isotherm models:

Determination of the morphology of a material : Characterization of its

surface

related to its extension — specific area

related to its form — porosity, pores volume...

The specific surface area is the accessible internal and external surface to

an adsorptive for 1 gram of solid.

m2.g-l

The measure of the total pore volume gives the volume of the accessible
pores from the adsorbed quantity for 1 gram of solid.

Cm3-g'1




Isotherms classification

The shape of the adsorption-desorption isotherms is characteristic of the
texture of the adsorbent (physical bonds).

n%/ms

p/p? ———=

Sing et al., Pure Appl. Chem. 1985, 57, {@’
603

Type | Isotherms

Big micropores
Small micropores with a 'g microp

narrow distribution

<

n 'Ia

\ 4[’/}3" /ﬁ .}f/Po

Plateau with a low slope on a large pressure scale

|

Weak external surface : Negligible adsorption

Characteristic of MICROPOROUS Materials @




Type Il and lll Isotherms

Adsorption mono-multilayer on an Very weak adsorbate-adsorbent
open surface interactions

AN /

bt}

1 No B point
AR

_ Surface impossible to
B point determine

Characteristics of NON POROUS Materials

©

Type IV Isotherms

Tubular pores, open wide pores, narrow Cylindrical pores, uniform
at both ends apertures dimension, narrow
\ l distribution
n fiva Vb Ve ’/

I I\ 7 1

I\l
A\
W

plp°

Characteristic of MESOPOROUS Materials




Adsorption on mesoporous samples: capillary condensation

Type V and VI Isotherms

Very weak adsorbate-adsorbent Layer by layer adsorption
interactions but hysteresis so

presence of mesopores /

No B point l !




Hysteresis Attributions

Hysteresis phenomenon between adsorption and desorption

is of ten observed for type IV and V isotherms

Classification proposed by IUPAC in 1985

Hi - (T HZ H3 H4

603

Sing et al., Pure Appl. Chem. 1985, 57, {@)

H1 and H2 Types

f t

Tubular pores, open
at both ends

Narrow distribution

Wide pores

Narrow apertures

or ink bottle

called neck of bottle




H3 and H4 Types

B/H3 Parallel corrugated
@ platelets (clays)
-
—= ps

Mechanism Of Surface Catalysed Reaction

= Langmuir-Hinshelwood mechanism /
= This mechanism deals with the surface-catalysed reaction in whia) @ _@
2 or more reactants adsorb on surface without dissociation
7
A(g) + B(g) 5 A(ads) + B(ads) = P (the desorption of Pis not r.d.s.)
= The rate of reaction r=k[A][B]=k08,6; B, P,
A
From Langmuir adsorption isotherm (the case III) we nox/\}ﬂgO %P ;BOBP

1+ By P, + B, ;P

s =

=  We then have

— k BO,APA BO,BPB — kBO,ABO,BPAPB
1+ B, ,P,+B, P, \1+B, ,P,+B, ;P 1+ B, ,P,+ B, ;P

i

= When both A and B are weakly adsorbed (B, ,P5<<1, B, gPp<<1),

1, = kB, By 4P, Py = k' P, By 2nd order reaction
= When A is strongly adsorbed (B, \P,>>1) and B weakly adsorbed (B, zPz<<1

< )
SHEben L,

B, ,P, 1st order w.r.t. B

©




Mechanism Of Surface Catalysed Reaction
» Eley-Rideal mechanism

= This mechanism deals with the surface-catalysed reaction in whic _@)f
one reactant, A, adsorbs on a surface without dissociation and
other reactant, B, approaches from the gas phase to react wit: 7,
Alg S A(ads)+—B(=q-L> P (the desorption of Pis not r.d.s.)
= The rate of reaction r=k[A][B]=kO,P;
From Langmuir adsorption isotherm (the case I) we kr@w%
+ 0,47 4

=  We then have
’ —k( Bo,APA jp _ kBO,APAPB
i B —
1+B, P, 1+B, ,P,

= When both A is weakly adsorbed or the partial pressure of A is very low
(Bo.aPa<<1), . .

- =kB, P,P,=k'P,P,

" oanAans e 2nd order reaction

= When A is strongly adsorbed or the partial pressure of A is very high
(BoaPA>>1)
kB, PP,

6=—""—=kP, Ist order w.r.t. B
BO,APA

Any Question?




