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Ref. anexas, Cap. 23, pg. 843 - 851

N e 1 0 ¢
¥ Caracterizacdo do sistema de adsorgio C Sh\r K mﬂd& n lw

ibrio de adsorgao (isotérmicas linear, Langmuir, Freundlich, BET)
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Nomenclature

example: nitrogen. hydrogen.
the process by which a molecule or
substrate
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Isotérmicas de adsorgho:

W& Processo de adsorio
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¥ Tipos de adsorcio
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Specific solid-solute interaction
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Chemical adsorption: Some mlwhnnoﬁ chemical bonding between adsorbate and ummo_&ﬁz characterized by
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Strong attractiveness. Adsorbed mo o
specificity and typically a monolayer is ?::3 gﬂ._ac R<m2_a_n
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incecase in prossure of adsorbate

Activation cacrgy may be iavolved m

Adsorpiion leads 0 @ monolayer, at most 08
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scted long enough E%_: be established between g,

adsorbate _in solution The equilibrium Mn_s_.slru. ;
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same general isotherms are shown in ihe figure below.

described by isotherms

Define the following: Favorara
Use
prate Equilomum
oncentragion J¢
ffount adsorbed cquals q
6 relationships depend on the type of
Tisofption that occurs, mult-layer, chemical, s
physical adsorption, etc o *

Co ur

o LINEAR - 0 udume odswtuts & Laetsmenk
propcnal @ P, ainda ndk nd Sabhwaes

w
o aaie Qe Aﬁoﬁgkcuruu J Du
aam)«ﬁﬁ‘uﬂ.\ da nA_Cwnu\ca e R/

Table 2.1 A selection of adsorption motberms ' Vil abooeve oS-

Isotherm models:
Natne Lsotherm equation Applicability Lqustion 00
The figures below show that there are four common models for isotherms. Langmuir™ ! . Chemisorplion and @y
s Va i3 bp phyuical adsorpion
Henry! vekp Chemisorption aud
Ol physical adsormtion
al low coverages
q @ .I\'h:er/mo Q@..NS@Cu _VA_O e Vakpax1) Qvﬂw.tllisa-l “9)
A adsorption
at low coverages
adsea venle.) \ pruso. de Tenkia 7. % S
o dscavenlk = et o
| = o v S unauer Emamety .V ,c-1p  Muisyer, physical [E7]
= C =9 g{ﬁmﬁrmﬂﬂ de Bc%\rfu.rc * Telles (BET) Vipe-p) Vi Var m Llia“., ;
o Linoar > e « = RTn(sm/p) Physical adsorption It
Dubinio- inx = In{ Wep) ~ g
/ 2 = op) - Diin(py/p)’  Multilayer formation in  (58)
ﬁ - 3 H o.&ls-..tl__!lnﬂvl X kg exp(- B Physical adsorption sp  (62)
| I (DKR) 0 » monolayer
| % “ Visial
| : %ui:.-.nél:»e 3 Mullilayer formation in  (63)
1
1 “ Amounis adsorbed at pressure p are represcnited either by volume ¥ otherwoe
Cy Cs % l.v!rnw. Al.h-._nv.: ol G o pins by or mam x. Unles
Z S - Xe) Carrespond o monolsyer coverage
(e) BET (@ Froundich n?x!l.::f....&s!ﬂrri!ng
— - e — The adsorption potential ¢ is defined by this equation.
“ Wy stands for the tolal volume of all the micrupores in 3 solid
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Single component systems;

L Al Sl (i e

o7 the adeorption of gawes onio
modot amumes a suchinmeteic
Bsociaton of an adeorbate molecule, P, with 5 wrface bound ligand | wocnsding
to the following equation:
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gmz U where & and b, are fovward 3nd roverss

I,EI? lé’.ig
tior, respectively. Acconfingly, thCadmorption ricse doscribed by b (allowin
= Mmoucamada equation » " Y
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Linuds — Lo» q& {
Se Cq?\v T

where g o (1] ts the o g {1 the sty e

capacity, C « [P] the concenteation i solution, é the na:__‘iﬂ:i
constant for reaction 5.1 Note that g s normally expressed per unit volume or
moss of stalionary phase 3ud can be defined in molsr o mass it Fignze 52
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Single component systems: r
-

isotherm. As € — 0, the Langmuir isetherm approaches the linear limiu »

| & Freundlich Isotherm:

For the special case of heterogeneous surface energies in which the energy term, “K..”, varies
as a function of surface coverage we use the Fr

§=gKC=mC (5.5

where m = ¢.K is the iitial slope of the isotherm, which is sometimes referred
10 as the Henry constart. On the other hand, a5 C — =, the Isotherm approaches
the marimum capacity § = g.. The term 1/ represenis the liquid phase concentra-

ion = which ¢ is equal 1o onc-half of the maximum capacity, g, — ﬁu =3 —AmOW\u
& marw) nand K are system specific constants.
data freng
derermined bY
ol parameters. howeret ,.ansaﬂﬁ by .....L__.Bﬂ..:a_r!. e G prpenn BET (Brunauer, Emmett and Teller) isotherm:
1) as ¥ .nlll e . . . . . .
“!dﬂ.._“_nn composition: E_._he..aaui..n Equation 54 a .. PR This is a more general, multi-layer model. It assumes that a Langmuir isotherm applies to
1 each For cxampies (5.6 " e "G : : ;i
o using lnescized forms: 3 cach/layepand that no transmigration occurs between layers. It also assumes that there is
-‘. » ¥ < S
% Ke.-Ka 4 ¢ The data can b¢ a...%ﬁi_u““c... ‘ equal energy of adsorption for cach layer except for the first layer,
o iC and §- y with
< aween G/ formity &
des a linear Iv_llgu.vm”lr!a plot) © .n”ﬂa”,lbs o Cy= (solubility limit) ion of the solute (mg/liter) Ww § On + on-.
ﬂ.ﬂt {ofien l%l..u.“. actormined by inest B L RN T Ky, = parameter related to the binding intensity for all layers. q, = T+ (K, ~IXC./C.)}
model and e Figore 5.3 Example of & protein adsorption isatherm wih Langmulr parameters detesmined Note: when C, << Cg and K,y »> 1 and K = Ky/C, BET isotherm AOm ¥ Oa v.‘p + A B> v ¢ S
by non-linear least square Mt (lefl) amd comrespording Scatchard plot with patameters :

deterimined fiom lnear regression (right) 2 approaches Langmuir isotherm
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t 1/Q.° and
3 sus 1/C. should give straight line with wtercep Q Gape K
Determination of appropriate model: Here a plot of 1/, versus I, A
To determine which model to use to describe the adsorption for a particular adsorbent/adsorbate y *
isotherms expenments are usually run. Data from these isotherm experiments are then ' 1 + .h ¢
analyzed using the following methods that are based on lineanzation of the models. m. ~ ﬂ Vm m
& Slep = 17V
' | VRw A |N.+W.e“v m~ o i
For the Langmuir model lincarization gives: ksl . Unp Um 640 50 40
&,a o Ca RO D — Pressurs (mm}
C ~ o0 sha hdo vhein 2 41 Pn,_o.qlEni:.tov
A plot of C /g, versus C_should give a straight line with intercept : _A|O|=. , v bp wained from the data of Fig. 9.
"N Lo Py “4co
and slope |__1 BLJ Mem esan
C s < »’ %\vﬂgj s\
0 . ..
b=
& e o= P P(1 - 6)
Q. K-Q, s T B X
218 Vm: the monolayer capaciry
For the Freundlich isotherm use the log-log version : Thebotiermdoss nothecome|inear at Factors which affect adsorption extent (and therefore affect isotherm) are:
low pressures, but remains convex to the
pressure axis. >ﬂw° —vﬂnﬁ.
A plot of In Vversus In C gives a line with r .
logq, =logK, + 2 logC a slope 1/n of the intensity of the adsorption, s
2 and the intercept (VmkF) gvesameasure [ general, as solubility of solute increases the extent of adsorption decreases. This is known
of adsorbent capacity. i 5 5 A S g 5 .
as the “Lundelius’ Rule”. Solute-solid surface binding competes with solute-solvent attraction
; ; s discussed earlier. i ility inc ize, ionizati
A log-log plot should yield an intercept of log K, and a slope of 1/n. ”_M i Hw ssed earlier. Factors which affect solubility include molecular size, ionization,
For the BET isotherm we can arrange the isotherm equation to get: @
pH often affects the surface charge on the adso
A < R . : 2
(Cs-C)-q, Ky-Q Cs "X, Q0 emperatye.> CrecX G5y 9
e . . . . ", » a . - .
\ / Adsorptio cally exothermic i.e., A H  is generally negative. Here heat is
1 Ky -1 iven off by the reaction therefore as T increases extent of adsorption decreases. (Basic
Intercept = 3 —o Slope = —4— g y ses extent of adsorp! (
L » L] . .

role is not always like this!)
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dsorbent: .
virtually every solid surface has the Capacity to adsorb sol
treatment point of view activated carbon (AC) 18 the
many sources: Wood, Lignite, Coal, Nutshells, Bone

utes. From the wastewater i Surface area of the AC is huge. Most of the surface area is interior in micro- and macropores.
adsorbent of chojce. AC prepared from Typical surface area is in the range of 300-1500 m®/ gram.

! : Quality and hardness of the AC arc a function of the starting material and the activation
_zoamm_:m magnification process.

Pore size distribution:
micropores: <2nm diameter
mesopores: 2nm to 20 nm macropores: > 20 nm

7
Most of the surface arca is in pores of molecular sized dimensions. This results in slower

mass transfer during the adsorption process but also results in greater binding capacity of

« Yeomnes bixan = o Acnsfabon adsorudin Cresce
fRoprIicuimenik ap Tda P, pois quase t=don
an Sqebuer oA plispunies prra A= -
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'Why 5 Types Of Adsorption Isotherms? | Type | Typelll

: Cb;al_t%!/v

m m Type I
- 83
53 23| mpen Fl « Yreswes devados - A 332
ER- B ZE| Typem . 3
Z 2|/ Typet 3 4 qQuantda de adsorida 3 Typel
=3 s< 22 Qfxdm a saheagd@s z Pressure .
Pressure Pressure Pressure A tedas an mr\wnrrthb e,
n um esells ofmﬁnc\v ; g * Type _n_&mzmmw when the is more than
3 Fi R one adsorption site
i m m m Type v ma,wa:x? AP, 1 q_<um | arises when gnly ofje type of — Initial rapid adsorption
=<] /1yperv x< g@?xno,/vw ot i il — Saturates when first site filled
Prossure Pressurc Pele que Nl hg = Initially surface fills randomly — Second rise when second site fills
v aueen o — Eventually saturates when surface * Second site could be a second
Sanfahve menas filled (or pores filled with a porous monolayer, a second site on the
Qassification of isotherms according to ;e tda P material) surface. In porous materials, it can
Com © wm also be a second type of pore. 5
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Type lll Type IV

Adsorbed
i
g
Molecules
Adsorbed

Molecules

Type IV
Pressure

* Type V occurs when there are multiple
hase transitions due to a_mix
attractive and repulsive interactions

+ Type lll arises when there are strong
attractive interactions In

adsorption o ;
adsorptio 3 * Can also arise in multilayer adsorption
— Pressure increases lead to where adsorption on secon

nucleation and growth of islands before first layer saturates

Type V

Type V is another case for attractive

interactions

— Initially no adsorption

— Next nucleation and growth of
islands

— Coverage saturates when no more
space to hold adsorbates
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3
Pressure




