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Introduction to mass transfer
When a system contains two or memmponentsvhose concentrations vary from point to point, there is a

natural tendency for mass to be transferred, minimizing the concentration differences within a system.
The transport of one constituent from a region of higher concentration to thiatwdraconcentration is

called mass transfer.

The transfer of mass within a fluid mixture or across a phase boundary is a process that plays a major

role in many industrial processes. Examples of such processes are:

) Dispersion of gases from stacks

(i) Remova of pollutants from plant discharge streams by absorption

(i) Stripping of gases frorwastewater

(iv)  Neutron diffusion within nuclear reactors

(v) Air conditioning

Many of air dayby-day experiences also involve mass transfer, for example:

(1 A lump of sugar addedata cup of coffee eventually dissolves and then eventually diffuses to r
the concentration uniform.

(i) Water evaporates from ponds to increase the humidity of pazisiatygeam
(i)  Perfumes presents a pleasant fragrance which is imparted throughout thedgagatmosphere.

The mechanism of mass transfer involves both molecular diffusion and convection.
Properties of mixtures

Mass transfer always involves mixtures. Consequently, we must account for the vafiation

physical properties which normakgxist in a given system. When a system contains three

or more components, as many industrial fluid streams do, the problem begomissvery quickly.

The conventional engineering approach to problems of multicompsystieimgs to attempt to

reduce tlem to representative binary (i.eyo-componentsystems.

Concentration of species

Concentration of species in multicomponent mixture can be expressed in many ways. For spec
mass concentration denotedryyis defined as the mass of Aynper unit volume of the mixture.

The total mass concentration densitis the sum of the total mass of the mixture in unit volume:

r=ar,
i

wherer i is the concentration of species i in the mixture.



Molar concentration of, A, £is defined ashe number of moles of A present per unit volume of tt
mixture.

By definition,

mass of A
molecular weight of A

Number of moles =

\Y M A
For ideal gas mixtures,
N = M [ from Ideal gas law PV = nRT]
AT RT
n
C, =DA- Pa
\Y RT

where p is the partial pressure of species A in the mixture. V is the volume of gas, T is the abs
temperature, and R is the universal gas constant.

The total molar concentration or molar density of the mixture is given by

C:é_Ci

|
Velocities

In a multicomponent system the various species will normally move at different velocities; and
evaluation of velocity of mixture requires the averaging of the velocities of each species preser

If nis the velocityof species i with respect to stationary fixed coordinates, thenawasage velocit
for a multicomponent mixture defined in terms of mass concentration is,

By similar way, molaiaverage velocity of the mistren * is



For most engineering problems, there will be title differenge*inandn and so the mass average
velocity, n, will be used in all further discussions.

The velocity ofa particular species relative to the massrage or molar average velocity is termec
diffusion velocity

(i.e.) Diffusion velocity =n-n

The mole fraction for liquid and solid mixtureaxand for gaseous mixtures,ayare the molar
concentrabn of species A divided by the molar density of the mixtures.

X p = CC—A (liquids and solids)
C
ya = TA (gases).

The sum of the mole fractions, by definition must equal 1;
(i.e.) ax; =1

ay;i =1

[

by similar way, mass fraction of A in mixture is;

The molar composition of a gas mixture at 273 K aBgd<1.0° Pa is:

(oF} 7%
CO 10%
CO2 15%
N 2 68%
Determine

a) the composition in weight percent

b) average molecular weight of the gas mixture
c) density of gas mixture

d) partial pressure of @

Calculations:
Let the gas mixture constitutes 1 mole. Then



(OP) = 0.07 mol
CcoO 0.10 mol
CO: 0.15 mol
N2 = 0.68 mol

Molecular weight of the constituents are:

O, =2%*16=232g/mol

CO =12+ 16=28g/mol
CO, =12+2*16 =44 g/mol
N2 =2*14 =28 g/mol

Weight of the constituents are: (lohof gas mixture)
O, =0.07*32=224¢

CO =0.10*28=2.80g

CO2 =0.15*44=6.60g

N> =0.68*28=19.04¢9

Total weight of gas mixture = 2.24 + 2.80 + 6.60 + 19.04

=30.68 g
Composition in weight percent:
2.24
O, = ——7*100 = 7.30%
30.68
O = ﬂ*loo = 9.13%
30.68
O, = ﬂ *100 = 21.51%
30.68
N, = w *100 = 62.06%
30.68

Average molecular weight of the gas mixtivk =

Weight of gas mixture

M = % = 30.68 g/mol

Assuming that the gas obeys ideal gas law,

PV = nRT
n_P
V RT
n

\%

Therefore, density (or mass density) =M
Where M is the molecular weight of the gas.

= molar density = r ,

Number of moles



. PM _ 1.5*10° * 30.68 3
Density = r z M = = kg/m
Y= rm RT 8314 * 273 o/
= 2.03 kg/n?

pressure of @= [mole fraction of Q] * total pressure

s (1.5 *10 5)
100

0.07 *1.5* 10
0.105 * 1¢ Pa

Diffusion flux

Just as momentum and energy (heat) transfer have two mechanisms for tnaiodépautar and convective,

so does mass transfer. However, there are convective fluxes irtramesgsr, even on a molecular level.

The reason for this is that in mass transfer, whenever there is a driving force, there is always a net moven
of the mass of a particular species which results in a bulk motion of molecules. Of course, therebean also
convective mass transport due to macroscopic fluid motion. In this chapter the focus is on molecular mass

The mass (or molar) flux of a given species is a vector quantity denoting the amount of the particular spec

either mass or molamits, that passes per given increment of time through a unit area normal to the vector.
of species defined with reference to fixed spatial coordinates N

Na=Canp W s (1)

This could be written interms of diffusion velocity of A, (i.e.a - n) and average velocity dfie mixture,n, as

NaA=Ca@a-mM+Cpon e @)
By definition
é_ Ci”i
n=n*= -
C

Therefore, equation (2) becomes

N A =CA(’7A'/7)+CC—Aé-Cini
i

=Cama-mM+ypadaCin;
|

For systems containing two components A and B,

Na =Caa-nm+yalCana+Cpgnpg)
=Ca@a-mM+ya(Npy+Ng)



Na =Capa-mM+yaN e 3)

The first term on the right hand side of this equation is diffusional molar flux of A, and the se:
term is flux due to bulk motion.

Fickds | aw:

An empirical relation for the diffusional molar flux, first postulated by Fick and, accordingly, often re

to as Fickodés first | aw, defines t he diQPForfdiffusiono
in only the Z direction, the Fickds rate equ
dC 4
Ja =-D
A AB dz

where Dag is diffusivity or diffusion coefficient for component A diffusing through component B,
and dG / dZ is the cooentration gradient in the-direction.

A more general flux relation which is not restricted to isothermal, isobasic system could be written as

d
‘JA =-C D/—\B dyZA ----------------- (4)

using this expression, Equati¢3) could be written as

dy a

NA:_CDAB

Relation among molar fluxes:

For a binary system containing A and B, from Equation (5),
Na=Jat+tyaN
or JA:NA+yAN ----------------------- (6)

Similarly,

Addition of Equation (6) & (7) gives,
Jat+tIg =NaA+Ng-(y oty )N —oeees (8)

By definition N =Na + Npand ya+ys = 1.
Therefore equation (8) becomes,
Ja+Js=0
Ja =-JB



CDAdeAZ-CDBAdyB """""""" 9)

dz dZz
From ya+ys=1
dyA =- dy B
Therefore Equation (9) becomes,
Dag =Dpa -----mm--mmmmmmmmmmeeee oo (10)

This leads to the conclusion that diffusivity of A in B is equal to diffusivity of B in A.

Diff usivity
Fi ckodos | aw pksagkoeowr as masadiffusivity (simfdy as diffusivity) or as
the diffusion coefficient. g has the dimension of 4/ t, identical to the fundamental

dimensions of the other transport properties: Kinematic vitsgod = (m/ r) in
momentum transfer, and thermal diffusivity(= k /r C ) in heat transfer.

Diffusivity is normally reported in cAY sec; the Sl unit being 9 sec.

Diffusivity depends on pressure, temperature, and composition of the system.

In table, some values ofaB are given for a few gas, liquid, and solid systems.
Diffusivities of gases at low density are almost composition indeperidergasavith the

temperature and vary inversely with pressure. Liquid and solid diffusivities anglistr
concentrationdependent and increase with temperature.

General range of values of diffusivity:

Gases : 5 X 1 S 1X10° m?/sec.
Liquids : 100 - 10° m?/ sec.
Solids : 5X 104 ceeeeeee 1 X101 m?/sec.

In the absence of experimental datmi theoreticaéxpressions have been developed
which give approximatiorgometimes as valid as experimental values, due to the difficulties
encountered in experimental measurements.

Diffusivity in Gases:

Pressure dependence of diffusivity is given by

.1
D og =~ — (for moderate rangesf pressures, upto 25 atm).
And temperature dependency is according to
3
1Y

D aB

Diffusivity of a component in a mixture of components can be calculated using the diffusivities



for the various binary pairs involved the mixture. The relation given by Wilke is

1
i , Yi . Vi

D12  Di3 D1y

D 1- mixture =

Where Di-mixture iS the diffusivity for component 1 in the gas mixturei-fs the diffusivity for the
binary pair, component 1 diffusing through compung andy , is the mole fraction of component
in the gas mixture evaluated on a compofidrit free basis, that is

. Y2
Y =
y2 + y3 & yn

Determine the diffusivity of Co(1), O2 (2) and No (3) in a gas mixture having the composition:

Coz:28.5 %, @Q: 15%, N2 : 56.5%,

The gas mixture is at 273 k and 1.2 **¥a. The binary diffusivity values are given as: (at 273 K)

D12 P =1.874 m Palsec
D 13P = 1.945 m Pa/sec
D3P = 1834 n? Pa/sec

Calculations:

Diffusivity of Cozin mixture

Dam = : i
Yo N Y3
D Dis
wherey 2i -_JY2 . 0-15 =0.21
Yo+Y3 0.15 + 0.565
y 3i _ Y3 _ 0.565 - 0.79
Yot+Y3 0.15 + 0.565
_ 1
ThereforeD 1, P = 021 . 079
1.874 1.945

= 1.93 nA.Pa/sec

Since P=1.2 * 10Pa,

D, = L9

=" =161*10"°m 2 /sec
1.2*10

Diff usivity of Oz in the mixture,
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and

1

D =
2m y i i
Y Y3
Dy1 Do
Wherey 1i -_J1 . 0.285 = 0.335

yi+ys3 0.285+0.565
(mole fraction or2 free bans).

and
y 3i _ Y3 _ 0.565 — 0.665
yi+ys 0.285+0.565
D, P =D12P =1.874 m.Pa/sec
Therefore
_ 1
Dom P = 9335 , 0.665
1.874 1.834
= 1.847 nt.Pa/sec
D,m = L‘JS =1.539*10 "> m?/sec
1.2*10

In chemistry, diffusivity limits the rate of acighse reactions; in the chemical industry, diffusion is responsible

for the rates of liquidiquid extraction. Diffusion in liquids is important because it is slow.

Certain molecules diffusas molecules, while others which are designated as electrolytes

ionize in solutions and diffuse as ions. For example, sodium chloride (NaCl), diffuses in water
as ions Nd and Cl. Though each ions has a different mobility, the electrical neutralityeof t
solution indicates the ions must diffuse at the sameaatardingly,it is possible to speak of a
diffusion coefficient for molecular electrolytes such as NaCl. However, if several ions are prest
the diffusion rates of the individual cations amibas must be considered, and molecular
diffusion coefficients have no meaning.

Diffusivity varies inversely with viscosity when the ratio of solute to solvent ratio exceed
extremely high viscosity materials, diffusion becomes independensaidsity.

Diffusivity in solids:
Typical values for diffusivity in solids are shown in table. One outstanding characteristic of the:
values is their small size, usually thousands of time less than those in a liquid, which are inturn

10,000 timedess than those in a gas.

Diffusion plays a major role in catalysis and is important to the chemical engineer. For metallur
diffusion of atoms within the solids is of more importance.
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Steady State Diffusion

In this section, steadstate moleglar mass transfer through simple systems in which the concent
and molar flux are functions of a single space coordinate will be considered.

In a binary system, containing A and B, this molar flux in the direction of z, as given by Eqn (5)
[secton 3.3.1]

d
Na=-CDapg dyZA +ya(Nag+Ng)-—-(Q

3.5.1 Diffusionthrough a stagnant gas film

The diffusivity or diffusion coefficient for a gas can be measured, experimentally using Arnold
diffusion cell. This cdlis illustrated schematically in

The narrow tube of uniform cross section which is partially filled with pure liquid A, is
maintained at a constant temperature and pressure. Gas B which flows across the open
end of the tub, has a neglitgtsolubility in liquid A, and is also chemically inert to A.

(i.e. no reaction between A & B).

Component A vaporizes and diffuses into the gas phase; the rate of vaporization may be
physically measured and may also be mathematically expressed intehasvaflar flux.

Consider the control volumel®z, where S is therosssectionalarea of the tube. Mass balance
on A over this control volume for a steaslyate operation yields

[Moles of A leaving at z Bz] i [Moles of A entering at z] = 0.

(i.e.) SNA2+DZ- SNAz =0. (1)

Dividing through by the volume,[¥, and evaluating in the limit &3 approaches zero, we
obtain the differential equation

dN 4
dz

S R —— (@)

This relation stipulates a constant molar flux of A throughout the gas phase ftord>Z

A similar differential equation could also be written for component B as,

dN g
dz

and acordingly, the molar flux of B is also constant over the entire diffusion path fr@amdzz,.

Considering only at plane,zand since the gas B is insoluble is liquid A, we realize that
Ng, the net flux of B, is zero throughout the diffusion path; adogig B is a stagnant gas.

From equation (1) (of section 3.5)
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d
Na =-CDpp dyZA +yY aA(NA+Np)

Since Ng =0,

d
Na =-CD ap dyZA +yaNa

Rearranging,

-CDAB dYA

Np= —mMM———> e 3
A 1-y o, dz ©

This equation may be integrated between the two boundary conditions:
atz=12 Ya=Ya
And atz=2z YA =Ya2

Assuming thaiffusivity is to be independent of concentration, and realizing thas Monstant along

the diffusion path, by integrating equation (3) we obtain

Z; Ya2 _
NA ﬁdz:CDAB ﬁ _dyA
Zy Y A1 Y A

The log mean average concentration of component B is defined as

_YB2- YnB1

YBIm = —3
B,Im In%/B%
C Y B1

Sincey g =1-Yy 4,

o

_@-ya)- @-Ya) _Yar-Ya
yB,lm - ) ~ - o
|ng A2 8 |n% A2
¢ ¢

= --(5)
8
Y a1+ Y a1+

Substituting from Eqgn (5) in Eqgi),
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Ly- 2, Y B, Im

n
For an ideal gasC = — = , and
\% RT
. . _bPAa
for mixture of ideal gasey 5 = B

Therefore, for an ideal gas mixture equation. (6) becomes

_ D aB (P aL- P A2)
RT (z; - 7)) P B,Im

N A

This is the equation of molar flux for steady state diffusion of one gas through a second stagna

Many masdransfer operations involve the diffusion of one gas component through another non
diffusing commnent; absorption and humidification are typical operations defin¢gadgquation

Oxygen is diffuing in a mixture of oxygemitrogen at 1 std atm, 26. Concentration of oxygen at planes 2
apart are 10 and 20 volume % respectively. Nitrogen isdiftusing.

(a) Derive the appropriate expression to calculate the flux oxygen. Define units of eaciet@rly.
(b) Calculate the flux of oxygen. Diffusivity of oxygen in nitrogen = 1.89 *>Ifa%/sec.

Solution:

Let us denote oxygen as A and nitrogen as B. Flux of A (i.e.sMnade up of two components, namely that
resulting from the bulk motion @ (i.e.), Nxa and that resulting from molecular diffusion:J

NA:NXA+‘]A ---------------------------------- (1)
From Fickodéds | aw of di ffusi on,

; _.p. 9Ca )

A= AB T4 (2

Substituting this egation (1)

N =N dC,
A =NXa-Dag gy T (3)

Since N =N + Ng and xa = Ca/ C equation (3) becomes
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Ca dC,
AB dz

Na = (N A +N B)
Rearranging the terms and integrating between the planes between 1 and 2,

L dz _ o, dC A N (4)
CDAB réAlNAC-CA(NA‘FNB)

Since B is non diffusing N= 0. Also, the total concentration C remains constant. Therefore,
equation (4) becomes

V4 - AC A2 dC A
CDs  ©a NAC- NACa
1, C-Cp
= In
N A C-Cpa1
Therefore,

L TV — )
Replacing concentration in terms of pressures using Ideal gas law, equation (5) becomes
L= D ag Pt In Pt-Pa 6)
RTz Py - Pa
where

D as = molecular diffusivity of A in B

Pt = total pressure of system

R = wiversal gas constant

T = temperature of system in absolute scale

z = distance between two planes across the direction of diffusion
P a1 = partial pressure of A at plane 1, and

P a2 = partial pressure of A at plane 2

Given:
Dag =1.89 * 10° m?/sec
Pi=1 atm = 1.01325 * 10N/m?
T=25C=273+25=298K
z=2mm=0.002 m
Pa1=0.2*1 =0.2 atm (From Ideal gas law and additive pressure rule)
Pa2=0.1*1=0.1atm

Substituting these in equation (6)



N A

_ .89*107°).01325%10%) a1- 0.15
(8314)(298)(0.002) cl- 0.22
= 455 * 10'° kmol/m2.sec

Pseudosteady state diffusion through a stagnant film:

In many mass transfer operations, one of the boundaries may move with time. If the length of t
diffusion path changes a small amount over a long period of timeua@steady state diffusion
model may be used. When this condition exists, the equation of steady state diffusion through
stagnant gasd® can be used to find the fl ux

If the difference in the level of liquid A over the time interval considered is only a small fractitie
total diffusion path, and i tis relatively long period of time, at any given instant in that period, tt
molar flux in the gas phase may be evaluated by

N _CDag (Yar- Y a2 W
N = ABY AT IAD
ZY B.Im

where z equals Zi zi, the length of the diffusion path at time t.

The molar flux M is related to the amount of A leaving the liquid by

I AL

where is the molar density of A in the liquid phase

A

under Psuedo steady state conditions, equations (1) & (2) can be equated to give

raL dz _ CDas(Yar-ya) 3)
MA dt ZYB,Im

Equation. (3) may be integrated from t = 0 to t and from ztazz = z as:

t r M Zt
Adt = AL YB,Im /M A %z dz
t=0 CDag(Y a1~ Y a2 z,

yielding

raLYeim /Ma 822- 2%

 CDag (Y a1~ Y A2) & 2

- (4)

-O:00

This shall be rearranged to evaludikfusivity Dag as,

15
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N

_ AL YB,Im
MAC (Y a1~ Y a2t

D aB

vOEB ng)o
1-O:00

Equimolar counter diffusion:

A physical situation which is encountered in the distillation of two constituents whdaelatent

heats of vaporization are essentially equal, stipulates that the flux of one gaseous component i

equal to but acting in the opposite direction from the other gaseous component; that i\

The molar flux M, for a binary system at caasit temperature and pressure is described by

d
N o =-CDag dyZA +yaA(NA+Ng)

dC ,
dz

or Na =-Das *Yya(NaA+Ng) e (1)

with the substitution of Bl=- Na, Equation (1) becomes,

dC
Nao =-Dap dzA 2)

For steady state diffusion Equation. (2) may be integrated, using the boundary conditions:
at z=12 Ca = Cax
and z=1% Ca = Ca2

Giving,
Zz CAZ
Na fidz = -Dag AdC 4
Z; Ca1
from which
D
N A AB_ (C a1 - Cpg) oo 3)
Zo5-2721q
n
For ideal gases,C o = —A = Pa . Thereforeequation. (3) becomes
V RT
D
N = AB (P a1 - Pag) - (4)

This is the equation of molar flux for steastate equimolar counter diffusion.
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Concentration profile ithis equimolar counter diffusiamay be obtained fra,

da

ppe (N o) = O (Since N is constant over the diffusion path).

And from equation. (2)

dCy

N =-D )

A AB dz
Therefore

d & dC, 0

— D =0

dz éﬁ AB dz@

2
or d CZA—O.

dz

This equation may be solved using the boundary conditions to give

C,Cm _ z-2z4

CAl-CAz Zl-22

Equation, (5) indicates a linear concentration prdéiteequimolar counter diffusion.
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FILTRATION

Filtration plays an important role in the natural treatment of groundwater as it
percolatesthrough the soil. It is also a major part of most water treatment.
Groundwaterthat has been softened,or treatedthrough iron and manganese
oxidation, requires filtration to remove floc created by coagulation or oxidation
processes. Sincaurface water is subject to roff and does not undergo natural
filtration, it mustbefiltered to remove particles and impurities.

Filtration can be comparedto a sieveor micro-strainerthat traps suspended
material betweenthe grains of filter media. However, since most suspended
particles can easily pass through the spaces between grains of the filter media,
straining is the least important process in filtration. Filtration primarily depamds
acombinationof complexphysicalandchemicalmetanismsthe mostimportant
being adsorption. Adsorption is the process of particles stickingloesorfaceof
theindividual filter grainsor ontothe previouslydepositednaterials. Forces that
attract and hold particles to the grains are the sathesahat work in coagulation

and flocculation. In fact, coagulation and flocculatimoay occur in the filter bed,
especially if coagulation and flocculation befdiitration was not properly

controlled. Incomplete coagulation can cause sepooislemsin filter operation.

Theory of filtration

Dependingndispersingnediumfiltration is dividedin two parts:1) gasfiltration
and 2) liquid filtration. Gas filtration theory It mainly includes filtratmiraerosols
and lyosols. Membrane filters amdicleopore filters are based tmesebelow
mechanismsMechanismof gasfiltration (Wilson & Cavanagt,969) Diffusion
deposition: The trajectories of individual small particles doaoatcidewith the

streamlines othe fluid
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becauseof Brownian motion. With decreasingparticle size the intensity of
Brownian motion increasesand, as a consequenceso does the intensity of
diffusion deposition. Direct interception: This mechanism involves the finite size
of particles. A patrticle isntercepted as it approaches the collecting surface to a
distance equal to its radius. A special case of this mechagiim secalledsieve
effect, or sieve mechanism. Inertial deposition: The presence of a bdlbg in
flowing fluid results in a curvate of the streamlines in theeighborhoodfthe

body. Because of their inertia, the individual particles do not followdined
streamlines but are projected against the body and may deposit theobvibiss

that the intensity of this mechanismincreaseswith increasingparticlesize and
velocity of flow. Gravitational deposition: Individual particles haveeatain
sedimentation velocity due to gravity. As a consequence, the padasiegefrom
thestreamline®f thefluid and,owingto this deviation; the particles may touch a
fiber. Electrostatic deposition: Both the particles andfithers in the filter may
carry electric charges. Deposition of particles on the fibaystake place because

of the forces acting between charges or inducadds.Liquid filtration theory
(Melia & Weber, 1972). The term solldjuid filtration covers all processes in
which a liquid containing suspended solid is freed of ot entiresolid when
thesuspension idrawn througlta porous medium.

KozenyCarmanequationldv/Adt= qP/r € (I+L)

Where, A =filter area; V = total volume of filtrate delivered; t = filtration tiopd?

= pressure drop across cake antltamedi um;
viscosity; | = cake thickness; L = thickness adke equivalent to medium
resistance.

TYPES OF FILTERS

Severaltypes of filters are usedfor water treatmentEarly slow sandfilters
typically have filter rates of 0.05 gpm/ft2 of surface area and require large filter
areas. The top several inchedlod sand has to be removed regukanisually by
hand-due tot h e mas s of growing inmater i
the filter. Sand removed is usually washed and returned to the filter. filkerse

are still in use in some small ptanespecially in the western United Statssvell

as in many developing countries. They may also be used as a final step in
wastewater treatment.Modern filters are classified as: Gravity Filters (Rapid Sand

or High RateDualmediaMulti- media)or Pressue Filters (Sandor Multi-

al
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media).

RAPID SAND FILTERS

Rapid sand filters have filter rates 40 times those of slow sand filters. The major
partsof arapid sand filter are:

A F i tank erfilter box

A F i dander mixed-media

A Gr awpportbed

AUnd e sydtena i n

A Wa waltertroughs

A F i Bedagitators

The filter tank is generally constructed of concrete and is most often rectangular.
Filtersin largeplantsareusuallyconstructedextto eachotherin a row, allowing

piping from he sedimentation basins to feed the filters from the cepipal
gallery. Some smaller plants are designed with filters forming a squdoairof
filters with acentralpipe galleryfeedingthe filtersfrom a centewall.

Filter Sand

The filter sandused in rapid sand filters is manufactured specifically for the
purpose of water filtration. Most rapid sand filters contairB@4nches of sand,

but some newer filters are deeper. The sand used is generally 0.4 to 0.6 mm in
diameter.This is larger than the sandusedin slow rate filtration. The coarser
sandin therapid filtershas larger voids thato not fill aseasily.

PRESSUREFILTERS

Pressure filters fall into two categories: pressure sand and diatomaceous earth
filters. Pressurdilters areusedextensivelyin iron andmanganeseemovalplants.

A pressure sand filter is contained under pressure in a steel tank, mwéyche
vertical or horizontal, depending on the space available. As with gfdtétg, the
mediais usually sandor a combinationof media,and filtration ratesaresimilar

to gravityfilters.

Groundwaters first aeratedo oxidizetheiron or manganese&nd thenpumped

through thdilter to remove thesuspended material.
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FILTER AIDS

When water passe¢lrough a filter, the floc sometimes is torn apart into smaller
particles that penetrate deeply into the filter media, causing premature turbidity
breakthrough. This requires more frequent filter backwashing of the filtéaryed
volumesof backwashwate to be able to removethe floc that haspenetrated
deeplyinto the filterbed.

A filter aid is a material that adds strength to the floc and prevents its breakup.
Generally, a polymer is used as a filter aid because it creates strong borttie with
floc. Polymers are water soluble, organic compounds that can be purchased in
eitherwet or dryform.

Polymers have very high molecular weight and cause the floc to coagulate and
flocculate quickly. Polymers can have positive or negative chadgpsnding on
thetypeneeded t@auseattraction tahe specificfloc filtered.

When used as a filter aid, the polymer strengthens the bonds and prevents the
shearing forces in the filter from breaking the floc apart. For best results, the
polymershould be added just ahead of the filter. A normal dose of polymer for
filter aiding will be less than 0.1 ppm, but the exact dose will be decided by the
result of a jar test and by experimentation in the treatment plant. Toopolyaher

will cause the biads to become too strong, which may then causitireto plug,
especiallythetop few inches of thélter media.

COAGULATION AND FLOCCULATION PROCESSFUNDAMENTALS
Coagulationand Flocculation Groundwaterand surface water contain both
dissolved and suspendedparticles. Coagulationand flocculation are used to
separate the suspended solids portion from the water. Suspended patrticles vary in
sourcecharge particlesize,shapeanddensity.Correctapplicationofcoagulation

and flocculationdepends upon these factors. Suspended solidster have a
negativechargeandsince they have the same type sirfacecharge they repel
eachotherwhentheycomeclosetogetherThereforesuspended solids will remain

in suspension and will not clumpgether and settbeit of the water, unless proper
coagulation and flocculation is used. Coagulatand flocculation occursin
successivatepsallowing particle collision andgrowthof floc. This is
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then followed by sedimentation (see Beentation Chapter). If coagulation is
incomplete, flocculation step will be unsuccessful,and if flocculation is
incomplete sedimentation will be unsuccessful.

COAGULATION Coagulantchemicals with chargesopposite those of the
suspended solids aaelded to the water to neutralize the negative charges en non
settlable solids (such as clay and cglonducing organic substances). Once the
chargeis neutralized,the small suspendedparticles are capableof sticking
together. These slightly larger pakes are called microflocs, and are not vistole
thenakedeye.Watersurrounding th@ewly formedmicroflocsshould beclear.If

not, coagulatiorandsomeof the particleschargehavenot beenneutralized. More
coagulant chemicals may need todueled. A higkenergy,rapid-mix to properly
dispersecoagulantand promote particle collisions is needed toachievegood
coagulationOvermixing does notaffect coagulatiorhut insufficient mixing will
leave this step incomplete. Contact time in thedrapix chambeis typically 1 to

3 minutes.

Alum Alx(SQy)s + 3 Ca(HCQ)2 -------------- > 2 Al(OH)3 +3CaSQ +6 CO,
Aluminum + Calcium gives Aluminum + Calcium + Carbon Sulfate Bicarbonate
HydroxideSulfateDioxide (presenin thewaterto treat) FerricSulfateFe2(S04)3

+3 Ca(HCQ): > 2 Fe(OH} + 3CaS04 6 CO; Ferric +
Calcium gives Ferric + Calcium + Carbon Sulfate Bicarbonate Hydroxide Sulfate
Dioxide (presenin thewaterto treat)FerricChloride 2FeClz + 3 Ca(HCQ):2 --
---------- > 2 Fe(OH} + 3CaCh + 6CO Ferric+ Calciumgives Ferrict Calcium

+ Carbon Chloride Bicarbonate Hydroxide Chloride Dioxide (present in the water
to treat) Polymers Polymers (long-chained, high-molecularweight, organic
chemicals) are becoming more widely used. These can Heagssagulant aids
along with the regular inorganic coagulants.Anionic (negatively charged)
polymers are often used with metal coagulants. t@wedium weight cationic
(positively charged) polymers may be used alone, or in combination with alumor
ferric coagulants to attract suspended solids and neutralize their surface charge.
Manufacturers can produce a wide range of polymers that meet a vasetyrcé
water conditons by controlling the amount and type of charge angdhgmers
molecular weight. Polymers are effective over a wider pH rangeitioaganic
coagulants. They can be applied at lower doses, and do not coakatnaty.

Theyproducesmallervolumes of nore concentrated, rapiddettling
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floc. Floc formed from use of a properly selected polymer will be more redigtant
shear, resulting in less carryover and a cleaner effluent. Polymers are generally
severaltimes more expensivein price per pound than inorganic coagulants.
Selection of the proper polymer requires considerable jar testing under simulated
plant conditions, followed by pilot or plastale trials. All polymers must also be
approved for potable wateseby regulatoryagencies.

Precipitation:

Precipitation is the most commonly used technique in industry for the
concentration of macromolecules such as proteins and polysaccharides. Further,
precipitation technique can also be employed for the removal of canaianted
byproducts.g. nucleiacids, pigments.

Neutral salts, organic solvents, high molecular weight polymers (ionic er non
ionic), besides alteration in temperature and pH are used in precipithtion.
addition to these nespecific protein precipitaon reactions (i.e. the nature of the
proteinis unimportant)therearesomeproteinspecificprecipitationse.g.,affinity
precipitation, ligand precipitation.

Neutral salts:

The most commonly used salt is ammonium sulfate, since it is highly soluble,
nontoxic to proteins and loywriced. Ammonium sulfate increases hydrophobic
interactionsbetweenprotein moleculesthat result in their precipitation. The
precipitation of proteins is dependenton several factors such as protein
concentrationpH andtemperature.

Organic solvents:
Ethanol,acetoneandpropanolarethecommonlyusedorganicsolventsfor protein
precipitation. They reduce the dielectriconstantof the mediumand enhance
electrostatignteractionbetweerproteinmoleculeghatleadto precipitation. Since
proteins are denatured by organic solvents, the precipitptiocesshas to be
carriedout below 0°C.

Non-ionic polymers:

Polyethylene glycol (PEG) is a high molecular weight-famc polymer that can
precipitateproteins It reduceghequantityof wateravailablefor proteinsolvation

and precipitates protein. PEG does not denature proteins, besideadreiogic.
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lonic polymers:

The charged polymers such as polyacrylic acid and polyethyleneimine are used.
They form complexeswith oppositely chargegbrotein molecules thatauses
chargeneutralisation angrecepitation.

Increasein temperature:

Theheatsensitive proteinsanbe precipitatedoy increasinghetemperature.
Changein pH:

Alterationsin pH canalsoleadto proteinprecipitation.

Affinity precipitation:

Theaffinity interaction(e.g.,betweerantigenandantibody)is exploitedfor
precipitationof proteins.

Precipitation by ligands:

Ligandswith specific binding sitesfor proteinshavebeensuccessfullyusedfor

selectiveprecipitation.

Cell Disruption:

Physical methodsof cell disruption:

The microorganisms or cells can be disrupted by certain physical methods to
releasdhe intracellulaproducts.

Ultra sonication:

Ultrasonic disintegratio is widely employed in the laboratory. However, due to
high cost, it is not suitabléor largescale usén industries.

Osmoticshock:

This method involves the suspension of cells (free from growth medium) in 20%
buffered sucrose. The cells are theansferred to water at about 4°C. Osmotic
shock is used for the release of hydrolytic enzymes and binding proteins from
Gramnegativebacteria.

Heat shock (thermolysis):

Breakage of cells by subjecting them to heat is relatively easy and chedpisBut
technique cabeused onlyfor averyfew heatstable intracellulaproducts.

High pressurehomogenization:

This technique involves forcing of cell suspension at high pressure through a very
narrow orifice to come out to atmospheric pressure. Thidesudelease of high

pressurereates dquid shear thatan break the cells.
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Impingement:

In this procedure, a stream of suspended cells at high velocity and pressure are
forced to hit either a stationary surface or a second stream of despeaells
(impinge literally means to strike or hit). The cells are disrupted by the forces
created at the point of contact. Micro fluidizer is a device developed based on the
principle of impingement. It has been successfully used for breaking E. dsli cel
The advantage with impingement technique is that it can be effectively used for
disruptingcells even at &ow concentration.

Grinding with glassbeads:

The cells mixed with glass beads are subjected to a veryshigd in a reaction
vessel. The cells break as they are forced against the wall of the vessdidndhie
Several factors influence the cell breakagee and quantity of the glabgads,
concentration and age of cells, temperature and agitator speddr aptimal
conditions, one can expect a maximal breakage of about 80% of theéAcells.
diagrammatic representation of a cell disrupter employing glass beeds isrshown
Fig. 20.6. It contains a cylindrical body with an inlet, outlet and a cemiébr

driven shaft. To this shaft are fitted radial agitators. The cylinder is fitthdglass
beads. The cell suspension is added through the inlet and the disreifgedme

out through the outlet. The body of the cell disrupteris kept cool

Cell suspension

while the operatigBisson. l

I
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Fig. 20.6 : Diagrammatic representation of a cell disrupter.
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Mechanical and non-mechanicalmethods:

Among the physical methods of cell disruption described above, ultra sonication, high
pressure homogenization, impingement and grinding with glass beads are mechanical
while osmotic shock and heat shock amtrmechanical. The chemical and enzymatic
methodgdescribed belowarenon mechanical in nature.

Chemical methodsof cell disruption:

Treatmentwith alkalies, organic solventsand detergentscan lyse the cells to

releasahe contents.

Alkalies:

Alkali treatment has been used for the extraction of some bacterial proteins.
However, the alkali stability of the desired product is very crucial for the success

of this method e.g.recombinangrowth hormone cahe efficiently released from

E. coli by treatmentwvith sodiumhydroxideat pH11.

Organic solvents:

Several water miscible organic solvents can be used to disrupt the cells e.g.,
methanolgethanoljsopropanolbutanol.Thesecompoundsreinflammablehence

require specialised equipment forefisafety. The organic solvent toluene is
frequently used. It is believed that toluene dissolves membrane phospholipids and
createsnembrangoresfor releaseof intracellularcontents.

Detergents:

Detergents that are ionic in nature, catiecetyl trimettyl ammonium bromider
anioniecsodium lauryl sulfate can denature membrane proteins and lyselkhe
Norionic detergents (although less reactive than ionic ones) are alst gseuke
extente.g.,Triton X-100or Tween.The problemwith theuseof detergents is that

they affect purification steps, particularly the salt precipitafldms limitation can

be overcomeby using ultrafiltration or ion-exchangechromate graphy for
purification.

Enzymatic methodsof cell disruption:

Cell disruption by engmatic methods has certain advantages i.e., lysis of cells
occursundermild conditionsin a selectivemanner.This is quite advantageous

for product recovery.Lysozymeis the most frequently used enzyme and is
commercially available (produced from hengg whi te) . -114 hydr ol y:

glycosidicbondsof the mucopeptiden bacterialcell walls. TheGram positive
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bacteria(with high contentof cell wall mucopeptidespare more susceptiblefor
theaction oflysozyme.

For Gramnegative bacteria, lysozyme in association with EDTA can break the
cells. As the cell wall gets digested by lysozyme, the osmotic effects break the
periplasmianembrando releasaheintracellularcontentsCertain otherenzymes

are also used, althgh less frequently, for cell disruption. For the lysfsyeast

cell walls, glucanase and mannanase in combination with proteasesedre
AQUEOUS TWO-PHASE EXTRACTION

Aqueous twephase extraction which is a special case of lidigidid extraction
involvestransferof solutefrom oneagueouphaseo anotherThetwo immiscible
agueougphasesare generatedn-situ by addition of substancesuchaspolymers

and saltsto an aqueoussolution. Historically, gelatinragar and gelatin soluble
starch wereised. Two types of aqueous twhase systems acemmonlyused:
1.Polymefpolymer two-phase

system 2.Polymersalt two-phase

system

Tab. 1. Two-Phase Aqueous Polymer Systems

Polymer/Salt Combination

Polyethylene glycol (PEG)-dextran
PEG-phosphate

PEG-citrate

PEG-hydroxypropyl starch

Ethylhydroxyethyl cellulose-hydroxypropyl starch
PEG-polyvinyl alcohol

PEG-pullulan
PEG-maltodextrins

A polymerpolymer two phase system can for instance be obtained by mixing
dextran and PEG at a certainmposition. By adding specific amounts of these
polymers to an aqueous feed phase (which contains the solute), two agueous
phases, one rich in PEG and the other richdextran can be obtainedAqueous

two-phasesystems caalsobe generatedisinga polymer(e.g. PECor
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dextran) and a salt such as sodiunpotassium phosphate. Aqueous-ploase
separationgake place at certaincompositionsonly. The figure belowshows a
PEGdextran phase diagram wheeesolubility curve separateghetwo- phase
region (above the curve) from the single phase region (belowuiwe). Such
"binary" phase diagrams which are based on the compositionsgwbthelymers
(or polymer and salt) are used for determining the concentrateededor an
extractionprocessThesephasediagramsalsopredictthe polymer/salt content of
the raffinate and the extract phases. The compositidheofndividual phases

generatedcan be obtainedusingtie-lines as shownin the

Biomolecule Recovery
(%)
Aylanase 41
p-glucosidase g5 - 95
Polyphenol oxid ase 50
Lipase B0
p-galactosidase S0
Glucoamylase 96
Horzeradish peroxidase 75
Thaumatin 9 -95
B-galactosidase 85 - 100
Fumarate hydratase a3
{Brevibacterium ammoniagenes)
Fumarate hydratase (£ col) 93
Aspartate-ammonia-lysse (E. 96
coll)
15 T — T T
z
=
£
s 10 =
3
a
g
£ S -
3
=
- o | |
a 5 10 15 21 25

Daxtran, % wiw»
Fig.2. Phase diazram for a PEG 6000-dextran
D48 twa-phasc sysiem at 20 °C (redrawn from Al-
figurel Ferrssan, [980).
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The partition of a solute betweenthe two aqueousphasesdependson its
physicochemical properties as well as those of the two polymers (or polymer and
salt).FactorsAffecting Protein Partitioning in Two-Phase Aqueous Polymer
Systems

1.Protein  molecular weight

2.Proteincharge, surfaceroperties

3.Polymer molecular weight

4.Phaseomposition

5.Salteffects

6.Affinity  ligands attached to

polymers7.pH

8.Temperature

Feed ——™" ) —* RalfTinate
Extractor
Polymer/s, ——» Extract
salt

Fig. 7.4 Aqueous two-phase extraction

In PEG/dextran aqueous tvphase extraction gfroteins, the partition behavior
depends to a great extent on the relative polymer composition. It also depends on
the solution pH and the molecular weight of the protein. Generally speaking,
protein partitioning intothe PEG rich phaseis favored. Whena polymer salt
combination is used to generate the aqueousptrase system, a protgartitions
favorably into the polymerrich phase.The general scheme for aqueous tweo
phase extraction is shown in Fig. 7.4.Extraction by an ATPS ditbrantages for
processing on a large scale, such as the possibility of obtairhiighayield, the
possibility of continuous processing and a reduction in operatiostah relation

to the costs of conventional processes.

PEGDEXTRAN SYSTEMS

Effect of PolymerMolecularMass(MM)

An increasein the molecular mass of dextran or of PEG will lower the
concentrationrequired for phase separation. The polymer molecular mass
influences protein partitioning as a direct result of interactions between the two
polymers. It haveen found that the partitioned protein behaves as if it were more

attractedby smallerpolymer sizesand more repelledby larger polymers,



provided all other factors such as polymer concentrationssalt composition,
temperatureand pH are kept constant.It was observedthat smaller protein
molecules and amino acids were not affected as much as larger ones. For some
proteins the partition coefficients increased as the MM of dextran increased if all
other conditions were kept constant, butldi effect was found for low MM
proteins (Cytochrome C, 16,000). When the same proteins were partitioned in
systems with differenPEG MM, their partition coefficients decreased asRE&

MM increased, and for cytochrome C the effect was the smalles. Wés
attributed to the fact that when the PEG MM is increased, a weaker repulsion
energy is required to cause phase separation. Repulsive interactions between the
polymerandtheproteinbecomestrongerasthepolymerMM isincreasedgsulting

in a distibution of the protein towards the phase containing the polyitiean
unchanged MM. A weak net repulsion between the proteins angotiimeris
sufficientto changethedistributionwhenthe polymerMM is changed.

Effectof PolymerConcentration

It was found that proteins with MM less than 20,000 showed a linear relationship
between the In K in PE@extran systems and a difference in PEG concentration
between the phases, for any particular system. They found that jfossible to
predict the partitioning of a protein at any concentration in that particular system
if onepartition coefficient in the system wekaown.

However, others found that for some proteins the partition coefficient was
inversely correlated to phasencentration in a PE@extran systemshowingthat

better separation could be achieved at high polymer concentrationsiaviesjer,

may also affect the concentration of proteins that can be manipuldtedsystem

as polymercconcentration has a ditdcinverse effect oproteinsolubility.

Effectof Salts

Salts can affect protepartitioning in differentways in PEGdextran systemsine

is by altering the physicalpropertiesof the systemsthe hydrophobicdifference
between the phases and diker is by the partitioning of ions betwdles phases,
which affects the partitioning of proteins according to their moleahiarge.

Salts have beenaddedto PEGdextran systemsto increasethe selectivity of
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protein partitioning in the agueous two-phase methodology application for
biological separations. It was observed that salt ions partition differently between
thephasescausinganunevenrdistributionin thesystenthatgenerateadifference

in electrical potential between tiphases. This difference in electrigadtential

would be independent of salt concentration, but linearly dependéimé gartition
behaviour of the ions. It was also observed that polyvalent arsools as
phosphate, sulphate and citrate partitioned peetally into dextrafrichphases,

while halides partitioned nearly equally. As an example, negatively charged
materials have higher partition coefficients in phases containing sailjpinate
rather than sodium chloride, while the reverseholds for posiively charged
materials. Partition coefficients of negatively charged materials deaubasethe
cationic series is changed from lithium to sodium to potassiumtakioebetween

the phosphate ions, rather than the concentration, was decisihe fdifference

in electrical potential. This applies to multivalent ions, which shesviesof pH-
dependentlissociationsand was clearly the reasonfor the potentialdifference

found betweetthe two phasefKula et al.,1982).

PEGSALT SYSTEMS

The formation of PEGsalt systems waérst observed in the 1950s, but the
theoretical fundamentals have not been well explained. It was found that for PEG
solutions the addition of some inorganic salts (sulphates and carbonates) is more
effective than the adhibn of others in reducing the critical concentration of cloud
point curves. These inorganic salts dramatically reduced the PEG cloud point at
high temperatures.

PEGsalts systems have been introduced for the practical application of large
scaleprotein eparation because of the larger droplet size, greater difference in
density between the phases, lower viscosity and lower costs, leading to a much
fasterseparatiorthan in PEGdextransystems.Industrial applicationof PEG
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Biomolecule Ligands attached to | Recovery

PEG (%)
Lactate Tryazine dye- 813
dehydrogenase | Cibacron Blue F3G-A
. p-amino phenyl-p-D-
p-galactosidase | thiogalactopiranoside 83
— (APGP)
Frotein A IgG human a7
Lactate Eudrogit-Cib 54
dehydrogenase . mgémel acron
Penicillin Trmethylamina 97
acylase
Trypsin Trypsin inhibitor 82

was improved by the availability of commercial separators, which allowed faster
continuousprotein.

Initially PEG-phosphate systems were widely used where scientists have studied
ways of recycling the phosphate phase of the systeménimize environmental
pollution. The recycling of the phosphate phase was achieved by its separation
from the solids by the use of alcohols. PEG from the top-R&tGphase can also
besuccessfullyecycled.

More recently PE&ulphate systems have begorbe used where separation of
some biomaterial was achieved with PEG 4000 and (NH4)2S04 at/pbl The
presence of 2% NacCl (0.17 M) made the separation much worse. With 4% NaCl
(0.34 M), a poor separation was obtained (a tenfold decrease in K for agparta
Since a pH or phase ratio change was not observed, the dramatic change in K was
consideredo be dudo achangen hydrophobicitybetweerthe phases.

AFFINITY PARTITIONING

In the last 30 years, several groups have studied methods to increasenaytitio

by the useof biospecificinteractions in ATPSs.

The initial works on affinity partitioning in ATPSs were to purify trypsin by
usingPEGboundligandp-aminobenzamidinandS-23 myelomaprotein by using
dinitrophenol as ligand.Theegree of affinity partitioning, Kaff, can lskescribed

by the ratio between the partition coefficients of proteins withaaticbutaligand:
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This equationdescribegheincreasan the partition coefficientof a proteinby the
bindingof aspecificligand to thePEGrich phase.
Affinity partitioningresultsin specificextractionsof proteins,nucleicacids,
membranes, organelles and even cells, mainly when biospecific ligands are used.
LargeScale Extraction Schemes
Extractionprocessesanbedividedinto two generalschemes:
A B a extrdations
A Co nt iexractionss
Continuousextractionscanalsobefurtherdivided intothefollowing schemes:
A Si stagkcentinuous extraction
A Mu dtageacontinuousextraction
In turn, multi stagecontinuousextraction can be divided into two general
modesas:
A Cr o s soontimuous extraction

A C o u eutremtcontinuousextractionThesewill be studiedin the following
sections.
Batch extraction
In a batchextraction process a batch of feed solution is mixed with a batch of
extracting solvent in an appropriate vessel. The solute distributes between the two
phases depending on its partition coefficient. The rate at which the transfer of
solute takes place fno the feed to the extracting solvent depends on the mixing
rate. Once equilibrium is attained, the mixing is stopped and the extract and
raffinate phases are allowed to separate. The separation funnel commonly seen in
chemistry laboratories is the simplestallscale batch extraction device. Mixer
settler units are usually used for lasgmale batch extraction. The basic principle
of batch extraction using a mixer settler unit is shown in Fig. 7.5. The mixer unit
must be able to generate high interfa@ata, must provide high solute mass
transfer coefficient andause low entrainmeruf air bubbles. The settler umitust
have a low aspect ratio (L/D), i.e. be of flat geometry, must allowasdgscence
and phase separation, and must allow for eaBigction of raffinateandextractas

separatstreamsThe antibiotigpenicillin partitionsfavorablyin an
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organic solvent from an aqueousfermentation media at acidic conditions.
However, at a neutral pH, the partitioning fremganic phase to aqueous phase is
favored. Thus the antibiotic could be purified by sequentialreversedbatch
extraction, where the antibiotic is moved from aqueous to organic phase and back
again (as shown in Fig. 7.6). This sequence is usually repefaedienes inorder
to obtain highlypureantibiotic.

If a batch of feed containing R volume of initial solvent and an initial solute
concentrationof CO is mixed with S volume of pure extracting solventhe

concentration distribution in thextract and the raffinate at equilibrium is given

CE =KCR
Where
Extracting
Feed solvent
Mixer
Settler
Raffinate
Fig. 7.5 Batch extraction using mixer scttler unit
Aqueous
penicillin aS:[lZ:e Organic extract

G.

__.5_,

Neutral aqueous
Organic raffinate solution

Ss

Aqueous extract

Aqueous raffinate

Fig. 7.6 Sequential reverse batch extraction
CE soluteconcentrationn extract(kg/m3) CR solute concentrationn

raffinate(kg/m3)



Supercritical Fluid Extraction (SFE)is theproces®f separatingpnecomponent
(the extractant) from another (the matrig)ng supercritical fluidasthe extracting
solvent.Extraction is usuallyrbm asolid matrix, but canalsobe from liquids.
SFE can be used as asample preparaticstepfor analytical
purposes, or on a larger scale to either strip unwanted materia fnaduct (e.qg.
decaffeinatiohor collect a desired product (eggsential oils These essential oils
can include limonene and other straight solvedésbondioxide (CQO;) is the most
used supercritical fluid, sometimes modified by solventssuchas ethanolor
methanal Extraction conditionsfor Supercriticalcarbon dioxideare above the
critical temperaturef 31°C andcritical pressur@f 74 bar. Addition of modifiers
may slightly alter this. The dissgion below willmainly refer to extraction with
CQO,, except where specified. The properties elipercriticalfluid canbe altered
by varying the pressureand temperature,allowing selective extraction. For
example, volatile oils can kextractedrom aplant with low pressures (100 bar),
whereas liquid extraction would also remd\ads. Lipids canbe removed using
pure CO; at higher pressuresindthenphospholipidscanbe removedby adding
ethanolto the solvent. The sameprinciple canbe usedto extractpolyphenoldand

unsaturatedatty acidsseparatelyrom wine wastes.

The system must contain a pump for thexCOpressure cell to contain ts@mple,
a means of maintaing pressure in the system and a collecting ve$selliquid

is pumpedto a heatingzone,whereit is heatedo supercriticalconditions. It then
passes into the extraction vessel, where it rapidly diffuseshatsolid matrix and
dissolves thematerial to be extracted. The dissolved matisrigivept from the
extraction cell into a separator at lower pressaing, theextracted material settles

out. The CQcan then be cooled, -@®mpressed angecycled,or discharged to

atmosphere. rQ\m
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Figure 1. Schematiadiagramof SFE apparatus
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Whatls adsorptiorchromatography?

Adsorption chromatography is the oldest types of chromatography technique. It
makesuse ofa mobilephase which igither in liquidor gaseousorm. Themobile
phases adsorbeanto thesurfaceof a stationarysolid phase.
AdsorptionChromatograph¥Principle

Adsorption Chromatography involveshe analytical separationof a chemical
mixture based on the interaction of the adsorbate with the adsorbent. The mixture
of gas or liquid gets separated when it passes over the adsorbent bed that adsorbs
differentcompounds at differemates.

Adsorbenti A substance which is generally porous in nature with a high surface
areato adsorb substances its surfacdy intermolecularforcesis called

adsorbent. Some commonly used adsorbents are Silica gel H, silica gel G, silica
gel N, silica gel S, hydrated gel silica, cellulose microcrystalline, alumina,
modifiedsilica gel, etc.

AdsorptionChromatographfpiagram

ADSORPTION CHROMATOGRAPHY [EBwus

I— Solvent

1 Mixture containing
components: X and Y

Silica/Alumina
saturated with
solvent

Solventflows Y moves down the

£ col D column more quickly
odrobcolumn Y 4 than X and so leaves
the column first

AdsorptionChromatographyrocedure

Before starting with the adsorption chromatography Experiment let us understand
the two types of phases and the types of forngelved during themixture
separatiorprocess.

Stationary phase i Adsorbent is the stationary phase in adsorption
chromatography. The forces involved help to remove solutes from the adsorbent

sothat theycan move with thenobile phase.


https://byjus.com/chemistry/different-types-of-intermolecular-forces/
https://byjus.com/chemistry/separation-of-mixtures/
https://byjus.com/chemistry/separation-of-mixtures/

38

Mobile phasé Either a liquid or a gas is used as a mobile phase in adsorption

chromatography. Forces involved help &move solutes from the adsorbent so

that they can move with the mobile phase. When a liquid is used as a phatsiee
it is called LSC (LiquidSolid Chromatography). When a gas is used ewhbile
phasat is called GSQGasSolid Chromatography).

Apparats1

Chromatography jai The glass jar has a lidt helps to maintain a proper

environmenduringseparation.

Thin layer chromatographylatei Borosilicateglassplate with size 20*20 cm,
20*5 cm,20*10.

Capillary tube 7 Samplemixture is appliedto TLC with the help of this tube.
Mobile phasé Liquid orgas

Stationaryphase Adsorbents

Adsorption Chromatography Experiment (TLC)

] Takeacleananddry chromatographic jar.

J To makesurethatthe environmentin the jar is saturatedwvith solventvapors,a

e e e A
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papersoaked in thenobile phasés applied to thevalls.

Add the mobile phase to the jar and close it.

Maintainequilibrium

Mark thebaselineonthe adsorbent.

Apply sampleto TLC plate withthe helpof acapillarytubeand allowit to dry.
Puttheplates in thgar and close it.

Wait until the solvent moves from the baseline.

Take out the TLC plate and dry it.

Adsorption Chromatography

Applications

Adsorptionchromatographys usedfor separatiorof aminoacids.

It is used in the @ationof antibiotics.

It is usedin theidentificationof carbohydrates.

It is used tseparat@andidentify fatsand fattyacids.

It is usedto isolate and determinethe peptidesand

proteins.Typesof AdsorptionChromatography:

Thin LayerChromatography It is achromatographyechniquevhere themobile

phase moves over an adsorbent. The adsorbent is a thin layer wdpgliesl to a
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solid support for the separation of components. The separatiorptakeshrough
differential migration which occurs when the solvent moves atbegowder
spread on thglass plates.

Mobile phasei This phase in TLC can either be a single liquid or mixture of
liquids. Somecommonlyusediquids areEtharol, acetone methanolchloroform.
Stationaryphasdé Adsorbents

Column chromatography the technique in which the solutes of a solution are
entitled to travel down a column where the individual congpds are adsorbdxy

the stationary phase. Based on the affinity towards adsorbent the compakents
positions on the column. The most strongly adsorbed component is skeetopt

of the column.

GasSolid chromatography The principle of separation BSC is adsorption. It

is used for solutes which have less solubility in the stationary phase. This type of
chromatographytechnique has a very limited number of stationary phases
availableand therefor&SCis notused widely.

Gel PermeationChromatography

Gel permeatiorchromatographys also called as gel filtration or size
exclusionchromatography.

In size exclusion chromatography, the stationary phaag®ous matrixnade

up of compounds like crosslinked polystyrene, crosslike dextrans,
polyacrylamide gelsagarose gels, etc.

The separations basedon the analytemolecularsizessincethe gel behavedike
amolecularsieve.

This techniqueis usedfor the separationof proteins,polysaccharides,
enzymesandsynthetic polymers.

As a technigue size exclusionchromatographyvasfirst developedn 1955

by Latheand Ruthven.


https://byjus.com/chemistry/acetone/
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Gel Permeation Chromatography
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Principle of Gel PermeationChromatography

It is a technique in which the separation of components is bageeé difference

in molecularweight or size.

The stationary phase used is a porous polymer matrix whose pores are completely
filled with the solvent to based as the mobile phase.

The molecules in the sample are pumped through specialized columnsingntain
suchmicroporous packingaterial (gel).

The basis of the separation is that molecules above a certain size are totally
excluded from the pores, while smaller molecules access the interior of the pores
partly or wholly.

The flow of the mobile phaseshce will cause larger molecules to pass through
the column unhindered,without penetratingthe gel matrix, whereassmaller

moleculeswill be retarded accordintp their penetratiomf the gel.

Components/Instrumentation of Gel PermeationChromatography

o > 0 bdh PP

StationaryPhase
TheMobile Phase
TheColumns
ThePump
Detectors
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Stationary phase
It is composedf semipermeableporouspolymergel beadswith awell-
definedrangeof poresizes.
It has the followingproperties:
Chemicallyinert
Mechanicallystable
With idealandhomogeneouporousstructure (wide pore sizgive
low resolution).
A uniform particle and pore
size.Examples ofjel:
Dextran (Sephadexyel: An U1-6-polymerof glucosenatural gel
Agarosegel: A 1,3 linked b-D-galactoseand 1,4 linked 3,6-anhydreU ,
L- galactose naturael
Acrylamide gel: A polymerizedacrylamide a syntheticgel
B. The Mobile Phase
It is composeaf a liquid usedto dissolvethe bio-moleculeso make thenobile
phasegermittinghigh detectiorresponse andet thepackingsurface.
C. Columns
Any of thefollowing kindsmaybeused:
Analytical column 7.5 8mmdiameters.
Preparative column82i 25mm
Usualcolumnlengths25, 30,50,and60 cm.
Narrow-borecolumns 2i 3mmdiametethavebeenintroduced
D. Pumps
They are either syringe pumpsor reciprocatingpumpswith a
high constant flowrate.
E. Detectors
The detectorsmay be concentrationsensitive detectors,bulk property

detectorsrefractiveindex (RI) detector, etc.



Stepsin Gel PermeationChromatography

It involvesthreemajorsteps:

A. Preparation of column for gelfiltration

It involves:

Swellingof thegel

Packing the columrsemipermeable porous polymer gel beadswith a well
definedrangeof poresizes.

. Washing: After packing, several column volumes of buffer solution is passed

throughthe columnto removeanyair bubblesandto testthe columnhomogeneity.
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B. Loading the sampleonto the column using asyringe

C. Eluting the sampleand detectionof components

Applications of Gel Permeation Chromatography

Proteindractionation

Purification

Molecularweightdetermination.

Separationof sugar,proteins,peptides,rubbers,and otherson the basis of
theirsize.

Canbeused tadeterminghe quaternanstructure of purifiegroteins

Advantagesof Gel Permeation Chromatography

Short analysis time.

Well definedseparation.
Narrowbandsandgoodsensitivity.

Thereis no sampléoss.

Thesmall amount of mobile phase required.

Theflow ratecan beset



Limitations of Gel PermeationChromatography
Thelimited numberof peaksthat canbe resolvedvithin the short timescaleof
theGPC run.
Filtrationsmustbe performedbeforeusingthe instrumentto preventdustand
otherparticulatesrom ruining the columns andnterferingwith thedetectors.
1 The molecularmassesf most of the chainswill be too close for the GPC
separatiorto show anythingnorethan broageaks.

Affinity Chromatography

1 Chromatography is an important biophysical technique that enables the
separation, identification, and purification of the components of a mixture
for qualitative and quantitative analysis.

1 It is a separation technique in whia mobile phase carrying a mixture is
causedo movein contact with aselectivelyabsorbenstationaryphase.

1 Affinity chromatographyis a type of liquid chromatography for the
separationpurification orspecificanalysisof sample components.

1 It utilizes the reversible biological interaction or molecular recognitailed
affinity which refers to the attracting forced exerted in different degrees
betweeratoms which caustem toremain in combination.

A Example:Enzymewith andinhibitor, antigenwith anantibodyetc.

1 It wasdiscoveredy PedroCuatrecasaandMeir Wilcheck.

Other components

; ’ e A58 .
Target in in © Salt jand Affinity resin Desalting/size
get protei i of complex preotein L-\a ; ity \Y/\ ing

mixture exclusion resin

1 The stationary phase consists of a support medium, on which the substrate
(ligand) is bound covalently, in suclway thatthe reactivegroups thaare
essential fobindingof thetargetmolecule areexposed.

1 As the crude mixture of the substances is passed through the chromatography


https://microbenotes.com/chromatography-principle-types-and-applications/
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column, substancesvith binding site for the immobilized substratebind to

the stationaryphase while all othersubstancess elutedin the void volume

of thecolumn.

Once the other substances are eluted, the btangét molecules can be elutegd
methodssuchasincluding a competingligand in the mobile phaseor changing
the pH, ionicstrength or polaritgonditions.

Matrix

The matrix is aninert supportto which a ligand canbe directly or

indirectly coupled.

In orderto for thematrix to be effectiveit musthavecertaincharacters:
Matrix should bechemicallyand physicallyinert.

It mustbeinsolublein solventsandbuffersemployedn the process

It must be chemicallgnd mechanicallgtable.

It mustbe easilycoupledto aligand or spacerarm onto which the ligand can

beattached.

It mustexhibit goodflow propertiesand havea relatively large surfacearea
for attachment.

Themostusefulmatrix materialsareagarosendpolyacrylamide.

Spacerarm

It is usedto improvebindingbetweerigandandtargetmolecule by overcoming
anyeffects of stericindrance.

Ligand

It refers to the molecule that binds reversibly to a specific target molecule.
The ligand can be selected only afterniagureof the macromoleculdobe
isolated is known.

When a hormone receptor protein is to be purified by affinity
chromatographythe hormoneitself isan ideal candidater theligand.
Forantibodyisolation,an antigeror hapten maypeusedas ligand.

If anenzymeis to be purified,asubstrateanalog,inhibitor, cofactor,or

effectormaybeused as ghe immobilized ligand.

Affinity medium isequilibrated in bindindpuffer.
Sampleis applied under conditions that favor specific binding of the target
molecule(s}o acomplementarpindingsubstancéheligand). Targetsubstances

bind specifically, but reversibly, to the ligand and unbound mateviathes
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through thecolumn.

Elutionis performedspecifically,usinga competitiveligand,or nonspecifically,
by changing the pH, ionic strength or polarity. Target proteicolkectedin a
purified, concentratebrm.

Affinity medium is reequilibratedwith bindingbuffer.

Theseevents caesummarized intohe followingthreemajor steps:
Preparation of Column

Thecolumnis loadedwith solid supportsuchas sepharosagarosecelluloseetc.
Ligandis selectedaccordingto thedesiredsolate.

Spacelarmis attachedetween thdigandand solidsupport.

Loading of Sample

Solution containinga mixture of substancess pouredinto the elution column
andallowed to run aacontrolled rate.

Elution of Ligand-Molecule Complex

Targetsubstances recoveredby changingconditionsto favor elution of
thebound molecules.

Applicationsof Affinity Chromatography

Affinity chromatography is one of the most useful methodsHerseparation and
purification of specificproducts.

It is essentiallya samplepurification technique,used primarily for
biologicalmolecules such as proteins.

Its major applicationncludes:

Separatiorof mixture of compounds.

Removalof impuritiesor in purificationprocess.

In enzymeassays

Detectionof substrates

Investigation of binding sites of enzymes

In in vitro antigenrantibodyreactions

Detectionof SingleNuceotidepolymorphismsandmutations imucleicacids

Advantagesf Affinity Chromatography

High specificity
Target molecules can be obtained in a highly pure state

Singlestep purification
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Thematrix canbereusedapidly.

The matrix is a solid, can be easily washed and dried.

Ll

Give purified product vith highyield.

1 Affinity chromatographycan also be usedto remove specific contaminants,
suchas proteases.

Limitations of Affinity Chromatography

Time consumingnethod.

More amounts of solvents are required which may be expensive.
Intenseabour

Non-specific adsorption cannot be totally eliminated, it can only be minimized.

Limited availability andhigh costof immobilized ligands.

[ .

Proteinsgetdenaturedf requiredpH is notadjusted.

HPLC

Solvent

HPLC Column

| |
I 1

. Injection

3 - Detector t

Pum Am—
¥ Waste

The components of a mixture aseparated from each other due to their different
degrees of interaction with the absorbent particles. This causes different elution rates
for the different components and leads to the separation of the componentsflasthey

out the column.Comparedo coumn chromatographytiPLC is highly automatedand
extremelysensitive Types ofHPLC

Thetwo mostcommon variantarenormatphaseandreversegphaseHPLC.
NormalPhaseHPLC

The column is filled with tiny silica particles, and a roolar solvent, foexample,
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hexaneA typical columnhasaninternaldiameterof 4.6 mm or smalleranda length

of 150 to 250 mm. Nopolar compounds in the mixture will pass more qui¢tkhpugh
the column, as polar compoundswill stick longerto the polar

silica than nonpolar compoundwill.

ReverseePhaseHPLC

The column size is the same. The column is filled with silica particles which are
modified to make them negpolar. This is done by attaching long hydrocarbon chains
(81 18 C atoms) to its surface. A polar saivés used, for example, a mixture of water
and an alcohol such as methanol. Polar compounds in the mixture will pass more
quickly through the column because a strong attraction occurs between trsojvelar

and the polar molecules in thaxture.
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MEMBRANE SEPERATIONS

A membranas aselective barriethat permits the separation of certain speries
afluid by combinationof sievingandsorptiondiffusion mechanismSeparation
is achievedby selectively passing(permeating)one or more components of a
stream through the membrane whiitardingthe passage aine or more other
componentsSeetheFigure Membraneganselectivelyseparate components over
a wide range of particle sizes and molecular weigfitan macromolecular
materials such as starch and protein to moleowaons.Membranes have gained
an important place in chemical technology and are usesl broad rangef

applications.

. Mambrans

B
The key properties determining membrane performancéigheselectivity and

fluxes, good mechanical, chemical and thermal stability under operating
conditions, low fouling tendencies and good compatibility with the operating
environmentand coseffectiveanddefectfree production

Although the major uses of membranes are in the production of potable water and
separationof industrial gases,they can be used for many other important
applications such as filtration of particulate matter from liquid suspensions, air or
industrialflue gas and theehydration oethanolazeotropes.

More specialise@pplicationsncludeion sepaationin electrochemicgbrocesses,
dialysisof bloodandurine,artificial lungs,controlledreleaseof therapeutiarugs,

membranebased sensors, etc.


http://www.separationprocesses.com/Membrane/MT_FigGen00.htm

50

Membrane processes are characterized by the fact that a feed stream isrtivided
2 streams: retentate and permeate. The most general process can be loigfrieted

following Figure

Fasi

Fatertate
CR=jact,

F CursarLialy,
\ \ Regl:ua)
| — N , [Marmeste ¢

© ParneAtt

Hi=ep (optional|

Theretentatas that part of the feed thdbes not pass througfiie membranayhile
the permeatas that part of the feedthat doespass through the membrane. The
optional "sweep" is a gas or liquid that is used to help remoypetieate. The
component(s) of interest in membra@paration is known as teelute The solute
can baetainedon the membrane membrane and removékdaretentate or passed
throughthemembranen thepermeate.
It is important to note that there are 3 different mechanisms by which membrane
canperformseparations:

@LASSIFICATION OF SYNTHETIC MEMBRANES

A membranecan be natural or synthetic, thick or thin, its structure can be
homogeneour heterogeneoudransportacrossmembranecan be active or
passive, passive transport can be driven by various means (e.g. pressure,

concentrationelectrical difference)eutralor charged As such,membranesan


http://www.separationprocesses.com/Membrane/MT_FigGen01.htm

51

be classifiedaccordingto different viewpoints The first classification isby

nature i.e. biological or synthetionembranes. This is the clearest distinction
possible. Synthetic membranes can dubdivided into organic (polymeric or
liquid) and inorganic (e.g. ceramitmetal) membranes.

Another meansof classifying membraness by morphologyor structure- for

the case of solid synthetic membranes, the 2 types of membrane structures are the
symmetric and asymmetric (anisotropmegmbranes.

The principal types of polymeric membranesire classified as shown the

Figurebelow:

AL L AN R

The Figure shows schematically the different types of membranes.This
classification is, however, rather arbitrary, and many structures fit more than one
of the abovementioned classes. For example, a membrane may be microporous,

asymmetridn structureand have electrical charges.
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ThelUPAC classificatiorfor poressizes areasfollows:


http://www.separationprocesses.com/Membrane/MT_FigGen03.htm
http://www.separationprocesses.com/Membrane/MT_FigGen04.htm
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Macropores =50 nm

Mesopores 2—-50nm

Micropores < 2 nm

Thefollowing membranes areriefly discussed:

Isotropic Membranes
MicroporousMembranes
Non-Porous,DenseMembranes
Electrically-Charged
Membranes

Anisotropic (Asymmetric) Membranes
Loeb-SourirajanMembranes
Thin-Film (Composite)
Membranes LiquidMembranes

Membrane Materials

Almost all industrial membrane processes are made from natural or synthetic

polymers.Thesemembranearesometime&knownasorganicmembranedNatural
polymers include wool, rubber (polyisoprene) and cellulose. Exampdgstbétic
polymers include polyamide, polysene and polytetrafluoroethylei€eflon).
Membranescan also be made from other nonpolymeric materials. Such
membranes includaorganicmembranes (for example metal, ceramic, caghah
zeolites)andliquid membranes.

In addition,recentdevelopmentshad led to the introduction of the secalled
Hybrid Membranes(or Mixed Matrix Membranes, where both organic and
inorganiccomponents aresed).

Anothervariationin membranespplicationis the Bipolar MembranegBPM).

Polymeric Membranes
Synthetic polymers are produced by polymerisatiba monomer (condensation

or addition) or by the cpolymerisation of 2 different monomers. The resulting
polymeris categorise@dshaving:
(1) along, linearchain,suchaslinearpolyethylene

(2) abranchecthain,suchaspolybutadiene


http://www.separationprocesses.com/Membrane/MT_Chp02a.htm
http://www.separationprocesses.com/Membrane/MT_Chp02b.htm
http://www.separationprocesses.com/Membrane/MT_Chp07a.htm
http://www.separationprocesses.com/Membrane/MT_Chp07d.htm
http://www.separationprocesses.com/Membrane/MT_Chp07b.htm
http://www.separationprocesses.com/Membrane/MT_Chp07c.htm
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(3) a threedimensional highly crosslinked structure, such as

phenol formaldehyde
(4) moderatelycrosslinked structure suchasbutyl rubber
The linearchain polymers soften with an increase in temperature and are often
solublein organicsolvents, and anmeferred to ashermoplastic polymers.
At the other extreme, high crebsked polymers do not soften appreciably, are
almost insoluble in most organic solvents, and are referred to as thermosetting

polymers.
Application

MF UF MF/RO G5 Py MD

Cellulose acetate

Cellulose esters

Cellulose nitrate

Poly (vinyl alcohol)

Polyacrylonitrile x »

Poly (vinyl chloride)

PVC copolymer

Aromatic polyamide

Aliphatic polyamide

Polyimide

Polysulfone

Polyetheretherketone (PEEK)

X| x| x| x| x| X

Polycarbonate

Polyester

Polypropylene

Polyethylene
Polytetrafluoroethylene (PTFE)
Poly (vinylidene difluoride) (PVDF)
Polydimethylsiloxane (PDMS) b

X| x| x| x| x| x| X| X| x| X| X| X| x

x
Xl X| X| x| x

Examples of polymers used in membraneitation are shown in the Figurbslow.
Inorganic Membranes

Inorganic membranes refer to membranes made of materials sweraasic,
carbon, silica, zeolite, various oxidesalumina, titania, zirconiand
metals such agpalladium, silver and their alloyslnorganic membranes cde
classified into 2 major categories based on its structure: porous inorganic
membraneanddensgnon-porous)norganicmembranesMicroporousinorganic
membranes have 2 different structuresnsyetric and asymmetric; amtlude

both amorphouand crystallinenembranes.
Microporousinorganicmembranesanbeobtainedoy coatingof a poroussupport

with a colloidal solution, calledol. The sol can consist of either dersgderical



54

particles (cdbids of oxides such as ADs, SiO; or ZrO) or polymeric
macromolecules.

Application of denseinorganic membranesis primarily for highly selective
separation of gases such as hydrogen and oxygen. However, dense membranes
have limited industrialapplication due to their low permeability compared to
porousinorganicmembranesThereforefoday'scommercialinorganicmembrane
market is dominated gyorous membranes.

Metal Membrane

Dense, metal membranes are being considered for the separationogfemyebm

gas mixtures. Palladium (Pd) and its alloys are the dominant materiatusei,

its high solubility and permeability for hydrogen. Palladium, however, is
expensive. One alternative is to coat a thin layer of palladium on a tantalum or
vanadium support film. Alternative to palladium and less expensive are tantalum
andvanadium, whiclarealso quitepermeabldo hydrogen.

Recent focus is on supported thin metallic membranes with thickness rénoging
submicron to a few ten microns. The advaatamclude reduced materiabsts,

improved mechanical strength and posstbgherflux. Themain

developments have been the production of composite palladium membranes for
use in catalytic membrane reactors (CMRs). This development is based on the
concept of process intensification, one important aspect if which is the potential
for combining the reaction and separation stages of a process in one usicBne
application is the CMR. Apart from the benefit inherent in cost reductipraat
andmantenancethereis alsothe potentialattainmeniof higherconversionsand
productyields.

The composite palladium membrane used in the CMR is composed of a thin layer
of Pd,or Pdalloy, depositentoa poroussubstrate, sucasa ceramic ostainless

steel.

The composite palladium membrane is placed adjacent to a catalyst ledfikatsd

the selective removal of hydrogen from the catalytic reactmurce.Another
application is the use of these membranes to control the feed rate plariiady
oxidation reactions (e.g. addition lmydrogen).

A major problem associatedwith metal membraness the surface poisoning
effects (e.g. by a carboncontainingsource)which can be more significant for

thin metal membranes.



Ceramic Membrane

These membranese made from aluminum, titanium or silica oxides. They have
the advantages of being chemically inert and stable at high temperatures. This
stability makes ceramic microfiltration and ultrafiltration membranes particularly
suitable for food, biotechnology and pharmaceuticalapplicationsin which
membranes require repeated steam sterilization and chemical cleaning. Ceramic
membrane$fiavealso been proposed for gas separations.

An exampleapplicationof recentdevelopmenits in the productionand processing

of syngagsyntheticgas- a mixture of hydrogenandcarbonmonoxide).The key

part of the processnvolvesthe separatiorof oxygenfromair in theform of ions

to oxidizethe methane.

A schematiaepresentationf the processs given inthe Figure
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Oxygen feeding from air is split at the perovskigpe membrane surface and is
transported as © The advantage of the membraresed process is that the
production of syngas takes place in a sirgiép operation occurring on one tife
membrane sides, This process eliminates the need for a separateogyetion
plant,and mighteadto significantlylower energyandcapitalcosts.
Someremainingproblemsinclude:

Difficulties in propersealingof the membranesn modulesoperatingat high
temperature

‘Extremelyhigh sensitivity of membranego temperaturegradient,leadingto
membraneracking

‘Chemicalinstability of someperovskitetype materialsin the high temperature

reductionconditions

Carbon Membranes
Carbonmolecularsieve(CMS) membranebtavebeenidentifiedasvery promising
candidategor gas separation, both iterms of separation propertiaadstability.

Carbon molecular sieves are porous solids that contain constajoéetlires that


http://www.separationprocesses.com/Membrane/MT_FigMisc01.htm
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approach the molecular dimensions of diffusing gas moleculesidks molecules

with only slight differences in size can be effectively separdmexighmolecula

sieving.

Carbon membranes can be divided into 2 categories: supported and unsupported.
Unsupporteanembrane$iave3 differentconfigurationsflat (film), hollow fiber

and capillary while supported membranes consisted of 2 configurations: flat and
tube.
The Figure showed a comparison between carbon asymmetric membrane and

polymericasymmetrianembranevherethe maindifferenceis in the skin layer.

.- Porous Skin _awer

Fotaus

CMS membranes can lmbtained by pyrolysis of many thermosetting polymers

such as poly(vinylidene chloride) or PVDC, poly(furfural alcohol) or PFA,
cellulosetriacetate, polyacrylonitriler PAN,andphenolformaldehyde.

Zeolite Membranes

Zeolites are microporousrystalline alumingsilicate with a uniform pore size.

Zeolites are used as catalysts or adsorbents in a form of micron or subsimedn
crystallitesembeddedh millimeter-sizedgranulesThezeolitetype preparednost

often as anembranes MFI.

Main problem- relativelylow gasfluxescomparedo otherinorganicmembranes

€. Due to the fact that rel atipnbhdey t hi ck z
free and cracHfree zeolite layer. Overcome: use thin layer supporteatioers.

Otherproblem: thermal effect of zeolites. The zeolite layer can exhibit negative
thermal expansion, i.e. in the high temper
But the support continuously expands, resulting in thermal stress problems for the
attachment othe zeolite layer to the support, as well as for the connection of the

individual micro-crystalswithin the zeolitdayer.


http://www.separationprocesses.com/Membrane/MT_FigMisc02.htm
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MEMBRANE PROPERTIES

Variousmembrangropertiescanbe classifiedas follows:
Physical - porosity, pore size and pore distribution, thickness,tortousity,

thermalstability, etc.

Separation permeate flowateor permeatiorflux, permeability selectivity.

Surfaceandelectrochemical streamingpotential,zetapotential(or
electrokinetigpotential),membrangotential(voltagepotentialdifference),
surfacechargedensity,wettability (hydrophilic orhydrophobic), etc

Electrical- impedanceneasurement® determinghe membrane
conductancandcapacitance
Separation properties of membranes depend not only on their physical properties,
butalsoontheir surfacechargeandelectricalpropertiesMany of theseproperties
are intefrelated, and vary from membrane to membyaseavell as thenvironment
in which the membraneis exposed,e.g. feed conditions (pH, temperature,
concentration of solutes, various properties of solutes, &ufjfice to say,each
membranesolutesystemis unigue,andmustbe evaluatedexperimentally.

Membrane Characterization

Membrangrocessesancoverawide rangeof separatiomproblemswith aspecific
membrane being required for every problem. Membranes may siifi@ficantly

in their structure and consequently in their functidpal o knowwhat membrane

to use in a particular separation process, different membrames be
characterizedn termsof structureand masstransport properties Because very
different membranes are wused, different techniques are required for
characteaation.

Membrane characterization is a very important part of membrane research and
development because the design of membrane processes and systems depends on

reliabledatarelatingto membrangroperties.

Thefollowing sectiondriefly discusghefollowing:
Characterizationof Porous Membranes Characterizationof Dense, Homogeneous

Membrane<haracterization o€hargedviembranes


http://www.separationprocesses.com/Membrane/MT_Chp03b1.htm
http://www.separationprocesses.com/Membrane/MT_Chp03b2.htm
http://www.separationprocesses.com/Membrane/MT_Chp03b3.htm
http://www.separationprocesses.com/Membrane/MT_Chp03b6.htm
http://www.separationprocesses.com/Membrane/MT_Chp03b8.htm
http://www.separationprocesses.com/Membrane/MT_Chp03c1.htm
http://www.separationprocesses.com/Membrane/MT_Chp03c2.htm
http://www.separationprocesses.com/Membrane/MT_Chp03c3.htm
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Membrane Shapes

Membranesare configuredfor the most partin 3 ways: (1) aslong cylinders
such as hollow fibrescapillaries or tubes, (2) abeetswhich are either rolled up

or maintained in a flat condition, and (3) as varimmolithic designs. Common
membrane shapes include flat sheet, tubutagufe - left), hollow fiber and

monolith (Figure- right).
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Flatsheetaisedin plate-and-frame modulescanbecircular,square,or rectangle
in crosssection. The sheets are separated by support plates that ¢hannel
permeate.

Flatsheetxanalsobefabricatednto spiral-wound modules The simplegdesign
is thesingle-leaf spiral wound module. See thigure(left). A "leaf" orlaminate,
consisting of 2 membrane sheets separated by a spacer sheet farnastied for
flow of feed or permeate. The leaf is attached to the axial colladber and is
wound around thé&ube. The configuration is sometimes describednasnabrane
"envelope". Some design can have 2 or more leaves. Permeatdhfowgh the
membrane into the product channel where it is conducted spirdthe twllector
tube. SeeheFigure(right) for theflow details.
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An alternative to the flat sheet membranes ishibkow-fibore membranes The
diameter of hollow fibreyaries over a wide range from 50 to 3,000 micrometer.

Fibres can be made with uniformly dense structure, but preferably are forased


http://www.separationprocesses.com/Membrane/MT_FigGen10.htm
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http://www.separationprocesses.com/Membrane/MT_FigGen12.htm
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a microporous structure having a dense selective layer on either the
outside(sometimes referred to as the shell sioie}he inside surfacéhe Figure

showed thevarious hollowfibre membranes:

The dense surface layer can be either integral with the fibre or a separate layer
coated onto the porous support fibre. Many fibres can be packed into bundles and
pottedinto tubes to form a membransdule.

Fibres of 53 200 micrometer diameter are udyalalledhollow fine fibres. Such
fibrescanwithstandvery high hydrostatiqpressureappliedfrom theoutside (shell

side), so they are used in reverse osmosis or-grigésure gaseparation
applications(up to 1,000psi). The feedfluid is appliedto the outsidef thefibre

and thepermeate is removed down the filrare.

When the fibre diameter is 2000 micrometer, the fluid is commonly applied

the inside bore aothefibre, andthe permeatés removed from the outsid&hus
method is used for loyrressure gas separations and for ultrafiltration or
hemodialysis.Fibreswith diameter greater thaB0O0 micrometer arecalled

capillary fibres.

Industrial Membrane Modules

Industrial membrane plants often require hundreds to thousands of stptars

of membrane to perform the separation required on a useful scale. Trereced

ways to economically and efficiently package membranes to providega
surfaceareafor effective separation.

From an overall cost standpoint, not only is the cost of membranes per unit area
important,butalsothe costof thecontainmentesseinto whichtheyaremounted.
Basically,the problem is how one can pack the most area of memiremése

least volume, tominimize the cost of the containment vessel consisteith

providingacceptabldélow hydrodynamics irthe vessel.


http://www.separationprocesses.com/Membrane/MT_FigGen14.htm
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Thesepackagesrecalledmembrananodules.The mostimportant
were:Plateandframe
Tubular
Spirat
wound

Hollow fiber

Plate-and-Frame Modules

The plateandframe modules were one of the earliest types of membrane system,
but because of their relatively high cost they have been largely replaced in most
applications by spiralvound modules and hollefiber modules. Platandframe
modules are now used only in electrodialysis and pervaporation systems and in a
limited number of reverse osmosis and ultrafiltration applications with highly
fouling conditions

Tubular Modules

These modules are now generally limited to ultrafiltration applications, for which
the benefit of resistance to membrane fouling outweighs the high cost. Tubular
membranes contains as many as 5 to 7 smaller tubes, each 0.5 to ldiacneter,
nestednsidea singlelargertube.In atypical tubular membranesystem.a large
numberof tubesaremanifoldedin seriesThepermeataes removed from each tube

and sent to a permeate collection header. An examgl®isnin theFigure.
Spiral-wound modules

Industrialscale modules contain several membrane envelopes, each with an area
of 1 to 2 n¥, wrapped around the central collection pipe. Meitielope designs
minimise the pressure drop encountered by the permeate travelling toward th
central pipe. The standard industrial spialund module is-8nch in diameteand

40-inch long. An example of thednvelope (4eaf) module is shown in tifggure.

The module is placed inside a tubular pressure vessel. The feed solution passes
acrossthe membranesurface,and a portion of the feed permeatesnto the
membrane envelope, where it spirals towards the centre and exits through the
collectiontube as showm theFigure.

4 to 6 spirakwoundmembranenodulesarenormally connectedn seriesinsidea
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single pressure vessel. A typicair®h diameter tube containing 6 modules has
100 to 200 m? of membranearea. An exampleof a membranetube with 2

moduless shown in thé=igure.

Hollow-fibre Modules

Hollow-fibre modules a characteristically-8 inch (1620 cm) in diameter and

3-5 (1.61.6 m) feet long. Hollowfibre units are almost always run with the feed
stream on the outside of the fibre. Water passes through the membrane into the
inside or "lumen" of the fibre. A number of hollefiores are collected together

and "potted” in an epoxy resin at both ends and installed into an outer shell. An

examplées shown in the Figure.

—-

Hollow-fibre membrane modules are formed in 2 basic gedesefa) shelside
feeddesign,and(b) boreside feeddesign, as showin the Figure.

In the shellside feed design, a loop or closed bundle of fibres is contained in a
pressure vessel. The system is pressurised from the shell side, and the permeate
pases through the fibre wall and exits through the open fibre ends. This design is
easy to fabricate and allows very large membrane areas to be contained in an
economical system. Because the fibre wall must support considerable hydrostatic
pressure, the fibreusually have small diameters and thick walls, typicallynft
innerdiameterand 100- 200 mm outediameter.

In the boreside feed design, the fibres are open at both ends and the feed is
circulated through the bore (annulus area) of the fibres. Tionisie pressurdrop

inside the fibres, the diameter are usually larger than those of the fineusaes

in theshellside feed design.

These seacalled capillary fibres are used in ultrafiltration, pervaporation sanake

low to medium pressure gas applions.

The single greatestadvantageof hollow-fibore modulesis the ability to pack a
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verylargemembranareainto asinglemodule.Forexamplejn an8-inchdiameter,
40-inch longspirakwound module would contain about 280 n? of membrane
area. The equivalent hollefilbre module filled with fibres of 10&nmdiameter,
will contain approximatelp00 nt of membranearea.
Medical Applications of Membranes
Polymericmembranes have become widely used as components of medical devices and
implants, drug delivery systems, diagnostic assays, biosensors, etc. Membrane processes
are used effectively for treatment of patients with various pathologies for the removal of
toxins from blood (e.g. hemodialysis)or for gas exchangewith blood (e.g. blood
oxygenation). Membranes of suitable molecular masoffwdre used in biartificial
liver, bio-artificial pancreas, and as selective barriers to prevent the immune system
componets from coming into contact with implants while allowing nutrients and
metabolitedo permeatdreelyto and from cells.
In medicaldevicesmembranegxhibitin generathesamepropertiestheypresent
in microfiltrationand ultrafiltrationprocesses.
Examplesof medicalapplicationsof membranes
Thissectionbriefly discusseseverabpplicationsnamely thefollowing:

HemodialysigArtificial Kidney)

Blood Oxygenaibn (Artificial Lung)

Artificial Pancreas

ControlledDrug Delivery (ControlledReleasd’harmaceuticals)
WHOLE BROTH PROCESSING
The concept of recovering a metabolite directly from an unfiltered fermentation
broth is of considerable interest becauseso$implicity, the reduction in process
stagesandthe potentiatostsavingsit may alsde possibléo removethedesired
fermentation product continuously from a broth during fermentatiorthab
inhibitory effects due to product formation and proddegradation can be
minimizedthroughouthe productionphasgRoffler etal., 1984,Diaz, 1988).
Bartels et al. (1958) developed a process for adsorption of streptomycin on to a
seriesof cationicion-exchangeesincolumnsdirectly fromthefermentatiotroth,
whichhadonly beenscreenedo removelargeparticlessothat thecolumnswould

not becomeblocked. This procedurecould only be usedas abatchprocess.


http://www.separationprocesses.com/Membrane/MT_Chp07e.htm
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Belter et al. (1973) developed a similar process for the recovegrvobiocin.The
harvested broth was first filtered through a vibrating screen to remove large
particles. The broth was then fed into a continuous series ofmuetld resin
columns fitted with screensto retain the resin patrticles, plus the absorbed
novobiocin, but allow the streptomycete filaments plus other small particulate
matter to pass through. The first resin column was removed from the extraction
line after a predeterminedime and elutedwith methanolicammoniumchloride

to recover theovobiocin.

Karr et al. (1980) developed a reciprocating plate extraction column (Fig. 10.33)
to use forwhole broth processingf a broth containing 1.4 g dm"3 of a slightly
soluble organic compound and 4% undissolgetids provided that chloroforor
methylene chloridevere used for extraction. Methido-butyl ketone, diethyl
ketone and is@ropyl acetate were shown to be more efficient solvents than
chloroformfor extractingtheactivecompoundbut they presentegroblemssince

they alsoextracted impuritierom the mycelia, making inecessary tdlter the

broth before beginning the solvent extraction. Considerable econameies
claimed in a comparison with a process using a-felthiak extrator, in
investment, maintenance costs, solvent usage and power costs but there was no
significantdifferencein operatingabour costs.

An alternative approach is to remove the metabolite continuously from the broth
during the fermentatiorCycloheximide production by Streptomyces griseus has
been shown to be affected by its own ¥k regulation (Kominek, 1975)ang

et al. (1981) have tested two techniques at laboratory scale for improving
productionof cycloheximideln adialysismethal (Fig. 10.34),methylenechloride

was circulated in a dialysis tubing loop which passed through a 10fdmi&nter.
Cycloheximide in the fermentation broth was extractedinto the methylene
chloride. It was shown that the product yield could be almosblddiby this
dialysissolvent extraction method to over 1200 fig cm"3 as compasgth a

controlyield of approximately700fig cm"3. In aresinmethod sterile


https://www.scribd.com/doc/47805741/Crystallization-Whole-broth-processing
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beadsof XAD-7, an acrylic resin,as dispersedbeadsor beadswrapped inan
ultrafiltration membraneyere put infermenterst8 hours after inoculatiolsame
of thecycloheximideformedin thebrothis absorbedby the resin.Recovery of the
antibiotic from the resin is achieved by solvents or by chantgmtéemperature or
pH. When assayed after harvesting, the control (without résit)a bioactivity of
750 fig cm"3. Readings of total bioactivity (from beads anoth) for the bead

treatment and the membraneappedbead treatments
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Fig.. Diagramof a 0.35m internal diameter reciprocatg platecolumn(Karr
et al, 1980).
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Fig. Dialysis-extractionfermentationsystem(Wanget al 1981).

A FermenteBExtractor
1 Dialysistubing
2 PumpAgqueoudayer SolventlaysrAir inlet Air outlet
Fig. 10.33a.Diagramof a 0.35m internal diameterreciprocatingplate column
(Karr et al, 1980).
Fig. 10.34. Dialysisextractionfermentatiorsystem(Wangetal 1981).
(a) Vacuum and flashfermentationsfor the directrecoveryof ethanolfrom
fermentatiorbroths.
(b) Extractive fermentation(liquid-liquid and two-phase aqueous) for
the recoveryof ethanol, organic acids and toxin producedby Clostridium
tetani.
(c) Adsorption for theecoveryof ethanoland cycloheximide.
(d) lon-exchangen the extractiorof salicylic acidandantibiotics.
(e) Dialysis fermentationin the selectiverecoveryof lactic acid, salicylic acid

andcycloheximide.
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test column (Karetal., 1980).

Roffler et al. (1984) reviewed the use of a number of techniques for-giaiin
recoveryof fermentatiorproducts:
Hansson et al. (1994) have used an expanded adsorption bed for the recovery of a
recombinantprotein producedby E. coli diredly from the fermentationbroth.
The protein was produced in high yields (550 mg dm"3) and > 90% recovery
togethemwith concentratiorfvolumereduction)andremovalof cells wasachieved
on the expanded bed. Affinity chromatography was usetuftrer purification,
and again aoverallyield of >90%obtained.
Lyophilizationprocesss basednthe principle of sublimationof ice, withoutentering
the liquid phase. The phase diagram of water (Figure 1) represent thahases
coexist along a line under the given conditions of temperature and pregisieet the

triple pointall threephases coexist.

This process is performed at temperature and pressure conditions below the triple
point, to facilitate sublimation of ice. The entire process is performed at low

temperatur@and prasure so thatuseful fordrying ofthermolabilecompounds.
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variousimportantStepsinvolvedin lyophilization processvhich startfrom sample
preparationfollowed by freezing, primary drying and secondarydrying,to obtain
thefinal dried product with desireahoisturecontent (Figure).
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The concentration gradient of water vapour between the drying front and conidenser
the driving force for removal of water during lyophilization. The vapour pressure
waterincreasewith anincreasan temperatureduring the primary drying.Therefore,
primary drying temperature should be kept as high as possible, butttelomtical
process temperature, to avaidbss of cake structure. This critigabcessemperature

isthecollapseemperaturéor amorphousubstancepr eutectiomeltfor thecrystalline
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substanceDuring freezing,ice crystalsstartseparatingut until the solutionbecomes
maximally concentratedOn further cooling, phaseseparationof the solute and ice
takesplace.If the solute separatesut in crystalline form, it is known as the eutectic
temperature. In contrast, if amorphous form is formed, the temperature is referred to

as the glass transitiagamperaturéd Tg ) .
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Electrophoresis:

It is defined as the migration of charged particles under the influence of electric field
Jiselius in 1937popularised electrophoresis which become very useful analytical tool in
biochemical technique.

It is relatively rapid and convenient technique capable of analyzing and purifying several
different types of molecules especially proteins and nucleic aids.

Principle

It is a molecular reparation technique reparation technique that involves the usk of hig
voltage electric current for inducing the movement of charged molecules like protein, DNA,
nucleic acid in a supporting medium.

Any charged ion or molecule migrates when placed in electric field.

The rate of migration of compound depends on the net ehaize, shape and applied
current.

This can be represented by the following equation

_E3q
f

Vv

Where V = velocity of migration of the particle
E = electric field in volt
g = net charge of the molecule
f = mass and shape of the molecule

Electrophoretic mobility in gels

The movement of charged molecule is called mobility (4). The mobility of molecule
towards the opposite charge for instance the protein molecule with a positive charge move towards
the negative pole of the supporting medium.

The medium may be a paper, gela capillary tube. The movement of this charged
molecule is often expressed in terms of electrophoretic

m = EXd
Exf

me
f



The rate of migration is directly proportional to the charge and size and shape of the
molecule with different charge/mass ratio migrate under the influence of electric field at different
rate and hence gets separated.

Types of Electrophoresis

Paper electphoresis is very useful in study of normal and abnormal plasma.

T

)l
il

The equipment required for electrophoresis consist two units, a power pack and an
electrophoresis.

The serums mixed with bramophenol blue a spott&#dhe centre of a str9p of a
specially.

When an electrifield of proper voltages pass through the paper charged protein
fraction bearing different chargesoveat differentrate.

After a run of 56 hoursit is dried and observed. In human serum five défg band
canbeidentified on papeelectrophoresis.

They aran the order of albumira1i globulin, a>-globulin, b-globulin andg-
globulin.

Albumin being the fastest moving fraction on the protdiplasma forms théast
band of thepaper.

g-globulinwhichis the slow moving protein formskandon the otheend.

The rest of the protein takes their positiometween thes& bands.

Cellulose acetate paper

1

T

They are commercially available as stripped which are thin with uniform micropore
structure

The ardesshydrophile and thus hold title buffer which restutbetter resolution in a
shortertime

This paper shows minimum absorption and give a dear separation with dietiect

Hence the compound céeeasily eluted with good recovery and the procefsst
completed within 1 hour.

Other advantagesre:

The strips are chemically pure and do rattain lignin hemicellulose.

Polyacrylamide gel electrophoresis (SDSAGE)

Electrophoresis in acrylamide gel is frequently referred to SDS PAGE (sodium
diodecylsulphate polyacrylamide gel electrophoresis). The components used in PAGE are

71
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acrylamide, bisacrylamide, TEMED (tetra methyl ethylene diamde). Cross linked
polyacrylamide gel are formed from the polymerization of acrylamide monontee
presence of small amount of bisacrylamide. Several protdirisological importance
contain more tan one polypeptide chain. These proteins are referred to as oligomeric
proteins.

The structure of these proteiissstabilized by hydrogen bond, disulphate band,
disulphide linkage, hydrophobia interaction,mercapto ethanol breaks disulpitdes
presenin the oligomericproteibn.

SDS is anionic detergent which disruput macromolecule whose structure has been
stabilized by hydrophobic interaction.

SDS bindings imparts a large negative charge to denature protein.

PAGE combined with SDS is most widely used method for analyzing protein
mixture quantitatively.

It is particularly useful for monitoring protein purification.

The molecular weight of most protein could be determined by measuring the
mobility of most protei in polyacrylamide gel containing SDS.

Sample to be separated is boiled for 5 mins in a sample buffer containing SDS and
mercapto ethanol.

This treatment completely denature protein present it the sample and imparts
negative charge to the polypeptide chai

The sample buffer also contains a tracking dye which is to monitor the electrophoretic
tank.

Process
In SDSPAGE, the gel column consist of 2 parts (stacking gel and separating gel).

The separating gés pouredinto a glass tube and allows to set. Then stackingsgel
pouredatthe top of the separating gel. The stacking gel has largesjzei@d separating
gel has comparatively small poseze.

Samples of protein known and unknown molwt are layered on top ofteaghn
separately.

The stacking gel allows the protein to move free and concentrate over the separating
gel under the influence of electric field.

Protein continues the movement towards anode. Therefore protein have same
charge. All proteins travel with same mobility. Howeitepasses through separating gel,
the protein separate owingmolecular sieving properties of gel. The small protein move
fast as theganpass through the pour of the gel but large protein ralovely.

A plot of distance migrated vs log of the molecuwveight gives the straight line
hence if the protein of unknown molecular weight is electrophoresed with 2 or more protein
of known molecular weight, the molecular weight of unknown protein can be calculated
with an accurately ranging from 9®5%This is the most common way of estimating the
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molecular weight of molecular subunit.

Applications
Fine resolution of protein mixture is possible.

Pore size can be controlled and separation depends upon the size shape and
charge of the molede.

Highly suitable for histochemical and quantitative analysis.

The method of separating protein according to the isoelectric point in a pH
gradient is called electric focusing.

This method has high resolution power because ordinary paper electrophoresis
resolve focusing resolve into 40 band.

In conventional electrophoresis, the pH between anode and cathode is constant.

The positive charge ion migrate towards cathode and theiveeghtirge ions
migrate towards anode.

In isoelectric focusing a stable pH gradient is arranged. The pH gradually
increases from anode to cathode.

When a protein is introduced at a pH which is lower than its ionic point, it will
possess a net positive charand migrate in the direction of cathode.

Oneto the presence of pH gradient, the net charge of the molecule encounters
a pH where net chargezero,it will stop migrating.

This is the isoelectric point of protein. Each protein present in the mixigrate
to its isoelectric point and stops migration at that point.

Thus once the final stable focusing is reached, the resolution will be retained for longer
time.

Applications
It is widely used for separation and identification of serum protein.
It is widely used in food and agriculture industry, forensic and genetic lab.
It is used in the research for reading enzymology, immunology, biochemistry, etc.

A standard gel electrophoresis provide huge advantage for molecular biology research.
However it was undb to separate large molecules of DNA effectively.

This technique of pulse gel electrophoresis is used for the separation of large
DNA molecules more than 1520 kb.
Principle

Electricfield is not constant and changes repeatedly pold@ection and strength

during the separation such that DNA molecular are forced to continuously orient and
reorient themselves.
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Larger the DNA molecules, longer is the time required for its orientation.
Process

The process is relatively similar to perfanm a standard gel electrophoresis except
instead of constantly running the voltage in one direction, the voltage is periodically fixed
among 3 directions that one4 runs in the central axis and other at the andgeebihé&0
side.

This electric abrupt pulsehanges the conformation of DNA molecules. They
would be oriented by the influence of current in one direction and then reorient as a new
electric field at a different angle to the first one was turned on.

DNA molecules tendt shutter through the geatrix and the gel becomes fluidly
during the electricgbulsing.

The pulse time are equal to each direction resulting in a net forward direction by DNA.

This process also ensures the migration of DNA on absolutely straight trace. The
process was easitr dissolve DNA fragment upto 2000 kB with good resolution.

Applications
i) It is significant tool for characterization of largaolecules.

i) The poresizecanbecontrolled and the separation depends upon the size,
shape and charge of thlecule.

1) It is suitable for histochemical and quantitateealysis.
Agarose gel
Agarose is a natural product purified from the seaweed Rhodophyta.

It is a linear polysaccharidagarose dissolve well and boiling and forms a gel when
cooled.

1-3% of agarosegel are prepared by suspending dry agarose in a aqueous buffer (tris
acetate buffer, tris buffer) and then boiling the mixture allowed to under a room
temperature to form a rigigel.

The pore size is determined by the concentration of agarose.

Low concentration produces larger pore size while high concentration produces
small pore size.

Agarosegel are mostly used to study DNA molecules having high molecular weight
which cannot penetrate through polyacrylamide gel but can penetrate through 0.8% of agarose.

Procedure

Agarosegel are casted by melting the agarose in the presence of a desired buffer
until a clean transparent solution is achieved.

Themeltedsolutionis then powered into mmouldand allowed to

harden. Upon hardening, the agarose forms a matrix and the
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components areeparated.

The gel is connected to a anode and cathode to the buffer reservoir through the paper

Applications

1 It isused to isolate large number of protein and identity the molecular weight
and purity.

2. It isconvenient method to study DNA / RNiFagment.
3. The sequencef the DNA and molecular weigletan bedetermined.

4. The locationof a DNA in the gel carbedirectly determined by the usé
fluorescent dye like ethidiutoromide.

System Concept

The chemical analysis of blood and other body fluids is one of the earliest
forms of diagnostic criteria leading to the investigations of the diseases.

In the early yess of clinical biochemistrymostof the required analyse were
performed on urine singeavailable easilyn large quantities.

With the development of semimicro and micro analytical techniques, analysis
can be carried out with minute quantities of samples.

Therefore, the analysis of the blood serum (or) plasma is becoming more frequent. A
majority of the blood analysis can now fperformed by an automated system.

Advantages of Autochemical analysis
1. Precision(increased)

2. Minute quantities of samples are enoughaoalysis.
3. Repetitive monotonous work load of humans can be avoided and hence the error.

4. More reliable andccurate.
Types of analysers

1. Electrolytic analysis: It includes the detection adnssuch as potassium, sodium,
chloride and bicarbonatens.

2. Protein analysis It detects the presence of proteins, biolirubins (enzyme secreted by
bilejuices), alkalingphosphatase.

Steps involved in automated analysis

1. Specimendentification

2. Specimen transport arttklivery

3. Removalof proton and other interferirgpmponents.
4. Reagat handling andlelivery
5

Chemical reactiophase
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6. Measuremenprocedure

7. Signal processing and ddtandling

8. Reportpreparation.

These steps are carried out sequentially under the control of microprocessors.
System details

The automated system is usually a continuous, flow system, in which individual
operations are performed on the flowing stream as it moves through the system.

The end product passes through the colorimeter to measure concentrations of
various constituent. e final results are recorded on a strip chart recorder along with a
calibration curve. So that the concentration of the unknowns can be calculated.

The automated system consists of a group of modular instruments.
Samplingunit
Proportioningpump

Manifold

Heatingbath

Colorieter (flame photometéfluorometer)

1

2

3

4. Dialyser
5

6

7. Recorder

8. Functionmonitor
System components

Sampling unit: The sampling unit enables to an operation to introduce
unmeasured samples and standards into the autoanalyser system.

It consists of a circular turn table carrying around its rim 40 disposable
polystyrene cups of 2 ml capacity.

The sample plate carrying these cups rotates at a predetermined speed.
The movement of the turntalifesynchronized with the movemis of asampling

crook. The hinged tubular crodkfitted ata corner of théase.

The crook carries a thin flexible polythene tube which can dip into a cup and allow
the contents water, standard (or) test solutiobetaspirated At regular intervolts, the
crookis raised, so that the end of the sample isli&ed clear of thecup.

Between each sampling, the crook enters a receptacle of water (or) suitable wash
fluid to reduce cross contamination of one sample with another.

The plate then rotates @sthnce sufficient to allow the tube, when it next moves
down to dip into the nexdup.

One complete rotation of the plate thus presents 40 samples. Volume of the sample
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ranges from 0.2 to 1./l

In new version, thus successive samples are separatemloyrenof water instead
of air. This provides a betteeparation.

Sample size : 0.1 to 8.5 ml
A programming can will help in rotational movement of the sampler.
Proportioning pump

The function of the proportioning punmgto continuously and simultaneously push
fluids, air and gases through the analytichhin.

It is the heart of the automatic analysis system.

Samples and reagent stream is are driven by a single peristaltic purhgwisists
of two parallel stainless steel roller chains.

A series of flexible plastic tubes, one from the sampler, the other from reagent
bottles (or) simply drawing in air is placed length wire along the platen.

The roller head assembly is driven bgamstant speed gear motor.

When the rollers are pressed down and the motor switched on the compress the
tubes containing, the liquid stream (sample, standard and reagents) against the platen.

Roller head rotates at a constant speed proportioning pumasgaaladble either for
single speed (or) for twepeed operation.

The single speed pump has the capacitor synchronous gear head utilizing 10 rpm
output shaft at 50 Hz.

The two speed has a nonsynchronous 45 rpm motor.

In two speed operation, the slow speetpsién filling the systemand washing
draining
High speed is not used for analysis.

Heavy duty pump is also available, which enables 23 pumps tubes to be used
simultaneously.

Tubes are stretched before run
- Constant useauses

a) Loosel elasticity

b) Reductionin pumpefficiency
Manifold

A manifold mainly consists of a platter, pump tubes,s;a@ransmission tubings,
fittings and connections.

A separate manifold is required for eatdtermination

The pump tubing and the connected coils are placed on a manifold platter, which
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keeps them in proper order for each test.

The pumping tubing are sgally made they are of premeasured length and are
meant to introduce all constituents of an analysis into the system.

Physical, chemical properties of the tubing are extremely important in the
correct functioning of the pump.

It must be so flexible to maiain the flow rate.
1 Standard transmissidabing

1 Solva flextubing

1 Acid flex tubing

1 Polyethyelene tubing

1 Glasstubing

Size- 0.0051 0.110 inch

Flow ratei 0.015 pl/min-3.90 pl/min
1) Mixing coil [2 types of coils]

Mixing coil are used to mix the sample (or) reagents. As the mixture rotate through
a coll, the air bubble along with the rise and fall motion produces a completing
homogeneous mixture.

Mixing coils are placed in a horizontal position to permit proper mgixi

2) Delaycaoll
- Used to delay specimen for chemioahctions

- 401t long 1.6 mm indiameter Volume28ml
Dialyser

In analytical chemistryit is necessaryto remove protein cells to obtain an
interference free analysis.

This is accomplished by dialysis in the autoanalysis.

The dialyser module consists of a pair of Perspex plates, which are mirror grooved
in continuous channel.

A semipermeable cellophane meml&as placed between the two plates and the
assembly is clamped together.

The continuous groove channel thus get divided into two halves and the dialysis
occur across the membrane.

A solution containing substance to be analysed passes along one half trually
upper one of the channel, while the solvent that is receptive to the substance to the substance
to be removed enter the other half.

The substance to be separated from the sample diluents stream, will diffuse through
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the semipermeable membrane by aimptessure into the recipient stream and the non
diffusable particles will be left behind.

The cellophane membrane usually used in the dialyser has a pore siz@0ofA4The
rate of dialyser is stated to be dependent upon teri@. 37

The temp is keptanstant with a thermostatically controlled heater and a stirrer.

The channel path is 87 inch along which provides a large surface presentation to the
dialysis membrane.

The plates of the dialyses most be matched set if the plates are not matched set the
channels may be slightly off, causing leakage loss of dialyzing area, which would
ultimately result in loss of sensitivity.

Quiality of solute, concentration gradient, diga, area temperature, thickness and
porosity determines the separation of protein during dialysis via semipermeable membrane.

Heating Bath

It is then passed to a heating. The heating bath is a double walled insulated vessel,
in which a glass heating coil is immersed in a mineral oil. A thermostatically controlled
heater maintain a constant temperaturé@.ivhich can be read on thermometer.

Measurement of Techniques
Almost all automated analyser uses absorption as the major measurement.

Colorimeter:

Colorimeters used in the automated system continuously monitor the amount of
light transmitted through the sample.

They employ flonthrough cuvettes. Eg: dual beam type colorimeter.
Recorders

The most common type of records used with automated system is the dc voltage
null balancepotentiometric recordefnitially the setting of recorder pen is made t0100%
transmission.

Reagenblankkept running foisome timeunit a smooth baseline established on
the afterobtaining a good baseline the run che begun with a series of standard
followed by thesamples.

Since concentration of substance in a sample is related logarithmically to the
percent transmission when this is plotted on a graph, the curve will not be linear.

Actual measurement are made only when it reaches steady state plateau.
Function monitor

Recoding at steady state levels, the electrical output of the phototube is given to an
oscilloscope called the function monitor.

Each sample curvis recorded entirely this enabling the operator to see all curves
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for each sample at alimes.
SAMAC i Il

The adbanced version based on the aat@lyser concept is the Samac Il (sequential
multiple analysis plus computer).

This is a multichannel analyser which can perform 23 simultaneous analyser on the
specimen.

168specimensan be loaded on the system thereby $¥Marries out about 2500
test results per hour.

The system is completely computer controlled usually two host computers and 10
microprocessors.

The system has two main subsystems.

1 Analytical Processor: For instructing and monitorarglysis

1 Results Processor: Twovidedata handlingf results and preparation of edited
report. Approximately 60Ql of specimens required for complete analysis. After

the specimen

is sampled, diluted with distilled ¥ and segmented with air bubbles.
It is passed through a series of analytical cartridges (which contains reagent).

Each cartridges a single channel analyser and includes peristaltic pump, pump tubes,
mixing tubes andlow cells, pump tubes usually need 200 h of operation, dialyser for
protein separation, heating bath for color development, spectrophotometry for quantitation
for most analytes, Wavelength for each flow ceffi selected through a computer,
transmittance signdiom the photomultiplieis converted to absorbance by a logarithmic
amplifier, analogue signal is digitiz&dan AT D converter, Digital data are processed for
peak detection, whicls checked and tested for abnormal waveform, storedemory.
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Introductionto Adsorption

Adsorption is one of the most important surface processes and its knowledge is essential for a
chemical engineer due to its wide range of applications in almost all fields of science and technology.

Definition:

Adsorption is defined in many ways, some of the standard definitions of adsorptions are:

« Adsorption is the adhesion of atoms, ions, biomolecules or molecules of gas, liquid, or
dissolved solids to a surface

« The process by which molecules of a substance, such as a gas or a liquid, collect on the
surface of another substance

« Adsorption is the process through which a substance, originally present in one phase, is
removed from that phase by accumulation at the interface between that phase and a separate
(solid) phase.

Applications:

Some of the standard applications of adsorption are:

o Heterogeneous Catalysis- This is probably the most important application relevant to chemical
engineering. The reaction mechanism of how a reactant reacts on a catalyst surface revolves
around adsorption. Therefore designing catalyst, reactors and studying them requires
knowledge of adsorption

o Separation- Adsorption is used as a separation process in many chemical as well as bio
chemical industries to separate gaseous or liquid mixtures. Designing adsorption equipment
like fixed bed adsorbers, gas drying, pressure swing adsorption etc. , chromatography requires
knowledge of adsorption.

« Many experiments in the lab use adsorption as a process to calculate various parameters like
surface concentration, porosity, change in surface energies, pore surface area etc.

NOTE: Adsorption must not be confused with absorption which is a bulk process in which a
substance diffuses into the bulk of another substance unlike adsorption which is only a
surface process.
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