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2.1 Chemicals and instruments

Chapter Two

2.1.1 Chemicals.

The chemicals used in this work are listed in t4Bl& ) :-

Table (2-1): The chemicalsused in thiswork

Substance Purity %
Phenol 99.9%

3- nitro phenol 98.5%

3- amino phenol 98.9%
2,4- Dinitro phenol 98.9%
Acrylamide 99.9%

Bis Acrylamide 99.6%

Ammonium per sulfate 99.8%

Charcoal
De- ionized water ) R=16 nQ)
Sodium chloride 99.9%

Where
R= resistance

mQ= ohm (resistance unite
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2.1.2 Zeolite.

The molecular formula of Zeolite is :-

Cay sNag(AlO2)12(S10,)12.30H,0

As shown in table (2-2):

Constituent Wt.%
SO, 32.52
Al,O3 27.64
CaO 11.38
Na,O 4.20
L.O.l. 24.25
Total 99.99

Table (2-2): The chemical analysisfor Zeolite compounds.
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2.1.3. Instruments.

The instruments used in this work are listed inl& £B-3):

Instrument Remarks

UV-Vis spectrophotometer SHEMADZO UV-VISIBLE
spectrophotometer UV-1650 PC

pH-meter Expandable ion analyzer

Centrifuge HARAEUS sepatech labofuga A

D

Magnetic stirrer with hot plate  JLASSCO (India).

200mm DIAX50mm ASTM E11 300
Mesh micron part no. 60132000300
Serial no. 03012571

COMPENSTATE with citenco motors

Water bath shaker F.H.P. England.

SHEMADZO spectrophotometer

F.T.IR. (8300). Japan

Table (2-3): Instrumentsused in research

Y
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2.2. Exverimental

2.2.1. Preparation of acrylamide- Bisacrylamide ) Copolymer 9 ..

- Mixture 22 gm acrylamide and 0.6gm N,N- methylehisacrylamide
in total volume of 100 ml FO. Filter the solution. In 50 ml flask take 22 ml
mixture of acrylamide and bisacrylamide, then atl@ ml of water and 0.1
ml TMED and 3.5 ml Ammonium per sulfate, , then e with distilled
water .

-Preparation of 3.5 ml Ammonium per sulfate,ighe 0.35 gm of

Ammonium per sulfate and diluted to 10 ml of water

2.2.2. Determination of swelling of the (acrylamide- Bisacrylamide)

Copolymer :
The swelling measurement of the polymer wasedaccording to the

ASTM procedure by placing a calculated piece of/par sample in (water
at pH=7, at pH=6, at pH=8),and (at 0.1 M of NaQlieaus solution, at 0.2
M of NaCl aqueous solution).

The weight of the polymer was measured eagHh{@dr until the weight
of the swelled polymer becomes constant. The degfreeelling was
calculated according to equatigh.

Am = (m-mo)/mox 100 (2-1)
Where
mo= weight of dry sample.
m: = weight of swelled sample

Am =swelling percentage

Yy
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2.2.3. preparation of Sample solution

A 100 ppm stock solution of (Ph, NPh, APh &¥Ph ) was prepared by
dissolving (0.05 gm) of each compound in 500 mldeionized water, and
add a small quantity of KOH .

Other standard solutions, with concentratibr(ptn 70-95, NPh 30-55,
APh 20-45 and DNPh 5-30 ) ppm were prepared byseqient dilution
using deionized water of the stock solution.

2.2.4. Determination of A max and calibration curve
To determine the wave length at maximum aligorpabsorption

spectrum for each compound by using UV-Vis has besorded in the
range (200-1100 nm) by using quartz cell (Cuvetfe)}cm thickness (path
length). The spectra are shown in figures (2-14) 2-
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Figure (2-1) Maximum wavelength for Ph compound.
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Figure (2-4) M aximum wavelength for DNPh compound.

The calibration curve was determined by fixiheA max that obeys the
(Lambert beer's law) at specific concentrationpared for each compound,
after that , the absorption has been recorded thedcalibration curve
plotted between absorption and concentration, #st line between points

has been drawn using least square method.
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Figure (2-5) Calibration curvefor Ph compound,
and (r = 0.0251)
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Figure (2-6) Calibration curvefor NPh compound,
and (r = 0.0484)
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Figure (2-7) Calibration curvefor APh compound,
and (r = 0.0122)

DNPh y = 0.0685x
5
4 _»
@ 3
® 21
l |
0 ‘
0 20 40 60 80
conc

Figure (2-8) Calibration curve for DNPh compound,
and (r = 0.0685)
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2.2.5. Determination of equilibrium time

A (0.04gm) of the polymer less than 30@diameter (granules) has been
placed in a 250 ml flask. Then 50 mL of adsorbed®ppm adsorbate was
added at constant temperature and the flask wed fixwater path shaker.
Then the initial time has been recorded and a#fieh éalf an hour. a sample
has been piped and placed in the centrifuge fonibites (at 4000 rpm) , a
supernatant has been separated by decantatiorsogb&on of the solution
has been recordedlamax for certain sample. The process has been
achieved repeatedly to the equilibrium.

2.2.6. Adsorption Isotherms of polymer:
In order to determine the adsorption isoth#r each compound , 6

conical flasks has been used, containing (0.01afrpplymer. Then 10 mL
of adsorbate has been added into the flask whistal@ncentration ranged
between (ph 70-95, NPh 30-55, APh 20-45 and DNR® 5-ppm. After
closing, the flasks were shaken with water battkahat 25 € according to
the equilibrium time of the reaction. After thatethare centrifuged for
10 minutes.

UV-Vis spectrophotometer has been used to uneabke absorbance for
the solutions, at the convenient wavelength foheammpound. The values
obtained of absorbance have been used to deterthmeequilibrium

concentration of calibration curve.

YA



Chapter Two Materials <L Method

2.2.7. study the factors affecting adsorption
2.2.7.1. Effect of Temperature

effect of temperature has been accomplished by taking degrees (
15, 25, 35, and 45) C Therefore, the adsorption isotherm for each
compound has been studied in each degree, andfdice @& temperature on

adsorption has been recorded.

2.2.7.2. pH effect
To accomplish this study two pH values hasmeygested pH=8 and

pH=6, a full study of adsorption isotherms has badrneved.

2.2.7.3. Tonic strength

The effect of ionic strength , has been pentadt on the following
compounds(Ph, DNPh, NPh and APh ), at differenteantrations (0.1, 0.2)
M of sodium chloride solution has been used ancktfeet of this salt on

adsorption has been recorded.

2.2.8. Adsorption Isotherms on Zeolite and charcoal:
In order to compare the adsorption betweerptigmer and Zeolite and

charcoal the adsorption isotherm of compounds,(ONPh, NPh, APh )
were determined following the same procedure usdtla determination of

the adsorption isotherm in the polymer.
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Introduction

The development of thin film chemistry over thetpHs years has
enabled advances in several technologically impodaeas. Work in thin
film materials design synthesis has benefited sgt@mmonic generatién
3 chemical sensind®”,separatioi®. And molecular scale electronic
device application.

The methods of choice for the controlled assemiliayered thin
films include Langmuir Blodgeett deposition Monolayer self- assembly
1012) and ionic'****) and covalent layer growtf*® the characterization
of these materials has focused on layer thicknesphblogy, Wettability,
and constituent orientation. Among our reasonsiritegrest in thin film
materials is their potential for interest use inntrolling chemical
separators. We focus here on the thermodynamics kanetics of
interaction between vapor phase or liquid phaseradse and polymer
interfacial layers.

1.1. Adsorption :

Adsorption is a phenomenon of material aggregatie ions or
molecules or atoms on a surface of another mat&riadsorption may be
physical or chemical binding of the molecules oft@m@ matter at the
active sites for certain surface through physicalr@mical forces with the
active sites at the surfa€e. The adsorption also involves a removal of
soluble materials in the solution or the solvent $nlid surface or
recovering these soluble substance by this suffaesdth process known
as” Desorption0 .Naturally the physical states of the matter whaohtain

limit surface are in solid or in liquid state . e the adsorption
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phenomenon would be solid liquid, solid [1 gas, liquid(] liquid, liquid
1 gas and solid] solid®

The substance that is adsorbed callkdsorbate” and the surface
of solid material calledAdsorbent such as Charcoal, Silicagel, Zeolite,
and Porous Clays.

The reason for adsorption phenomenon is the existafh some
unsaturated forces on the adsorbent due to themplete coordination or
insufficient material surface particles, like theguid or solid phase
adsorption which leads to saturate those forcab®@madsorbent surface

Decreasing in surface free energdG) is occurred during the
adsorption process, and decreasing in entraf3y)(at the surface that the
adsorption take place, due to losing the degréeeeflom possessed before
adsorption. The decreasing of free eney$ () and the entropyAS ) in
the same time will cause decreasing in heat coreth) according to the

thermodynamic relation (exothermic charig®)
AG = AH - TAS (1-1)

So single partial layer may be formed at the ad=dbdurface and in
this case is called Unimoleculer adsorptionscAmultilayer may be
formed at the adsorbed surface and knowhrasltimolecular adsorptidn
on the other hand the penetration process of acjgaih the phase of
adsorbent callelabsorptiori and the process of absorption and adsorption
process together callédorptiorf® This process usually take place on the
porous surface adsorbents. The enthalpy of thixgs® is positive
(endothermic process), because the distributiadernttie Adsorbent needs
energy®. The incorporation process of adsorbent and Adderlwithout

distribution is termedincorporatiori adsorption .
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1.2. Types of Adsorption

The physical and chemical forces are involved m dldsorption between
the adsorbate and the adsorbent, the adsorptian b& divided in to
two Types:-

First type: - physical adsorptioR” (physisorption® : - it is a
natural attraction forces between the adsorbinfpserand the atoms or
molecules or ions that were adsorbed at the surfdée physical
adsorption is nonspecififbecause the atom or the molecule that suffering
from physical adsorption does not bonded chemigaillly the atoms of the
adsorbent surface, but it is contained with certaga at the surface and
this area depending upon the volume of the adsoab@us or molecules
or ions with little physical adsorption h&8t. The physical adsorption
does not need an activation energy and it is amsifpway, %3 the
adsorbed atom or ion at the surface has an abilitgove through certain
area at the surface and this adsorption is noritech and this type of
adsorption involves the formation of several layadrghe surface .

Second type:- chemical adsorption (chemisorptiofghemical
bonds (ionic or covalent) will form in this type aflsorption between the
surface and the atoms or molecules or ions thairbdd on the surface .
The chemical adsorption is specific because itnglplace in certain
conditions and the adsorption does not taking pé@nother surface with
the same conditions or does not taking place atstree surface with
changing the conditions.

The chemical adsorption is exothermic with heatgethan that
from the physical adsorption . the chemical adsonpteeded to activation
energy under going slowly forward reaction onlymaly, it is of strong
chemical bond&%**® And it is localized because it taking place at the
sites of low internal energy, and the adsorbed suméed constant

activation energy at the homogeneous surface ,ewhibn-constant
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activation energy needed at heterogeneous stiffaGne layer is forming
in the chemical adsorption between the substanck tha adsorbing

surface normally.

1.3. Factors influencing the Adsorption process
1.3.1. Nature of Adsorbent

The properties of adsorbent that effect on quardityadsorption
include the polarity and porosity of surface. Thaap surface tend to
adsorb the more polar components in solufBhwhile porous surface
effect on the quantity as well as selectiVity”:

The homogenousity of the surface makes the adsorpgbtherms
match with theoretical interpretation proposedddsorption in contrast to
the nonJhomogenous surfaC® .where the adsorption capacity for a
variety of materials increases as the surface afealsorbent increases

too.

1.3.2. Nature of Adsorbate

As mentioned previously, the polarized surfacelbsioabent tends to
adsorb the high quantity of polar component in soif*?. More over the
adsorption quantity increases as the molecular n@ssAdsorbate

increases, and it decrease, as the solubility ases'® *"

1.3.3. Solvent Effect

Molecules of solvent compete with solute moleculesadsorption
process to occupy the distributed adsorption siteshe adsorbent. This
competition depends on the interaction betweentsaund the adsorbent

surface, and solvent'solute interaction and solvent-surface interaction
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Therefore .the resultant of these interactionsrea@r as the interacting

group is similar in polarity.

1.3.4. PH Effect

The effect of pH on the adsorption process in dpailifference in

adsorption, as the difference in adsorption syst€éhe acidity change,
which that lead to increase the solubility of atisde in solution decrease
adsorption process. While the change which leatbtwease the solubility
of the Adsorbate molecules increase adsorptiongssy® also, in the case
of surface that have polarized or charged to thsowdnihg particles
throughout the effect of acidity .In contrast tlis@rbing quantity decrease

if the surface charges are similar to charge obdisg particles™.

1.3.5. Temperature Effect

It is known that adsorption process is exotheffflionless there is
companying an absorption or distribution processdim the porous solid
phasé&°*® Hence the temperature increasing will lead torelese in the
adsorption quantity . In the molecular prospecti@easing temperature
the kinetic energy for adsorbing molecules on tdsogent surface ,
which may increase the probability of moleculesasapon from surface
and back to the solution ag4it

The adsorption process that accompanying an albcorpbr
distribution inside the porosity would be endotherprocess. subsequent
the kinetic energy for molecules adsorbent mayeasing their ability to
inter inside the solid phase porous and increasealistribution. therefore,

adsorption quantity increase as the temperaturease?>’
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1.3.6. Ionic Strength Effect

The effect of ionic strength on adsorption procesald be
summarized as below:-

For adsorbate, if it is in an ionic form increasiogionic strength
lead to increase adsorbate solubility. Howeveny lamlsorption process
would be expected unless, there are similar iohs;lwcause the common
ion effect reducing the adsorbate solubility ancréase its adsorptidff:

49)'

Whereas, the non ionic Adsorbate, the ionic strength may lead to
the occurrence of salting out process. Which decreases the solubility and
increase the adsorption procé%s

In addition, the formation of a coordinated complaatween the
Adsorbate and number of ions that are availablsointion will effect on
the adsorption process. This effect depends osdhubility and charge of
the formed compleX™.

For the adsorbent, if it is non polar without cresgthere will be no effect
of ionic strength, but in the case of polarizedfaxe, probably, the
adsorbing ions will compete on adsorption sitesh@nadsorbent surface
which decreases the adsorption.

In the case of charged adsorbent surfaces withlasinocharges to the
adsorbate particles, increasing ionic strength eaiter the adsorbent by a
layer of opposite charge to the absorbate, whicdddeto increase
adsorption proce$8.while if the surface has opposite charge to the
Adsorbate particles, then increasing ionic stremgthdecrease adsorption
quantity”>%?)
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1.4. Adsorption Isotherms

Generally adsorption Isotherms could be definethagelationship
between the quantity or amount of Adsorbate ondindace and their
activity in the distribution phase at constant tenapur&>. The adsorption
isotherms can be defined also as the relation letwihe adsorbed
substance (adsorbated ) at the surface of adsorbigimtthe primary
concentration of the solution at constant tempee&tl

The first isotherm for the adsorption between tbkite and the
solvent described from Van Bemmeler (1888).thehsoh depending
temperature can serve in the extraction of impaoitaormation about the
fact of adsorption process with the availabilityimbrmation in describing
the adsorption process and conditions of this @E%ce
Adsorption isotherms can serve to obtain the thegmamic quantities of
the adsorption.

Giles® has classified’Adsorption Isothernfs depending on the
prefixes of isotherms, and has given this classifon the characters ( S, L,
H and C). As illustrated in figure (11)

Hence,S is the adsorption isotherm has isshape, in which the
direction of the Adsorbate on the surface is galttand the solvent may
undergo sever or hard adsorption on the surfaeelefrbent . The clags
is special for Langmuir isotherm, in which the diten of adsorbate's is
horizontal and in a single layer. Clast special for high affinity
adsorption, which takes place in very dilute solntiand adsorption of
large molecules like polymers.

Finally, clas<C indicates that there is constant partition betwibe
adsorbent, and the adsorbate in the solution, mdidates that there is a

high probability to chemisorptions.
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Closs

Adsorption (sub groups)
i
\
A
\\

= . /\
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—

Equilibrium concentration of solution

B

N\ a )
Figure (1-1) Adsorption Giles classification

1.5. Langmuir Equation for Adsorption:

Irving Langmuir in (1918) developed this equati§tthat has been
proposed according to the interpretation for th&oggtion of gases on the
surfaces of solid materials, but the equation cduddapplied to the
adsorption of soluble materials in liquid phasetba surface of solid
materiald®”.

Langmuir equation depends on the following assuonstr
1. The surface of the solid phase has limited numipesites which
adsorption process occurs on, with homogenousjriance the
area of any sites of adsorption is constant anddisteibution of
energy is regular.
2. The adsorption is localized, occurs between adserbad empty
sites. The Adsorbate particle has no ability to engwmobile), and

the empty sites can not adsorb more than one |eartic
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3. From the above 1 and 2 it is clear that the adsnrps mono!]
layer, and reaches the maximum value, when aléthpty sites on
the adsorbent are covered by the particles of Axdder Therefore,

Langmuir equation could be derived as follows :-

A + B — A + B (11 2)
Solute in solventin—  Solute in solvent in
Solution adsorption a dsorption Solution

layer layer
X, X X X

Where X,X, are the mole fractions for solvent and solute,
respectively in solution X X,° are the mole fractions for adsorbed
solvent, and solute respectively, on the surfacthefsolid phase at the
equilibrium :-

K =X X2/ Xo X °= & X5°/ @ Xq® (13)

Were a,& are the activity of solvent and solute respectiyvely
assuming that the activity of solvent remain comsté®decause of the
small quantity that has been lost by adsorptiod,large quantity that has

been earned by dsorption, so b # & then equation becomes :-
b=X/aX° (1004)
At equilibrium the solute activity,@ould be approximated to the

concentration at equilibrium of the solute Ce dmel summation of mole

fractions for solute and solvent in adsorption taye
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X,°>=b Ce/1+b Ce (105)

By considering that 41 is the number of moles of adsorption sites
that are occupied by solute particles ardis the total number of

adsorption sites.
O=n°/n"=X,"=b Ce/l+b Ce (16)
Were®O is part of unoccupied site by Adsorbate particies since
the quantity of Adsorbate for each gram of adsarl{@e) is directly
proportional with© then:
Qe = KO (D7)

Qe=KbCe&€ltbCe=aCegl+bCe [(18)

Ce/’Qe =L/a+ b/a Ce (179)
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Plotting Ce’ Qe against Ce, straight line is obtained a slapals
b/ a and an intercept equalgalthat in figure (2(11)

Ce/ Qe

Ce (mg/L)

Figure (1-2) relationship of linefor Langmuir isother mal

1.6. Freundlich Equation of Adsorption

It is one of the important and well known usedhsomal equation
in adsorption and discovered by the German sciehtigerbert Maxfinaly
FreundlichH the changes the internal energy is not systerhatiause the
adsorption sites take place at different energel#¥ and this leads to
changing the adsorption isotherm so that the eguaif ” Freundlich
was used to represent the chang in adsorbed sgbsjaantity under the
unit of area or the mass of the adsorbed substaitheconcentration at
equilibrium .

Freundlich first use was in the describing of tlesaption of
gaseous phase with the adsorption of the solutesaludion.

Freundlich equation is an empirical equation has fillowing

formula:-

Qe = Kf C&" (10)

AR
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Were Qe is the quantity of Adsorbate on (1 grh)adsorbent at
equilibrium Ce is the concentration of Adsorbatsatution at equilibrium,
Kf and n are Freundlich constants.

The most signification defect of this equatisnthe disability for
describe the maximum value of adsorption, and @sstants have no
simple physical meanirg’.

The natural Logarithm of equation is in linéamula:-

In Qe In Kf +nln Ce (111)

Plottingln Qe against IiCe, a linear straight line is obtained with

slope equals/n , and the intercegn Kf®9,

Freundlich equation, in contrast to Langmuir equrgtis not linear
at very low initial concentration but retain conviexvards the center of
adsorption quantity.

The adsorption process in solution is much morgards to

Freundlich equation comparing to Langmuir equaaisishown in figure (

301 1).
In Q/

In Ce

Figure (1- 3) relationship of linefor Freundlich isother mal

'Y



Chapter One Introduction

1.7.Brunaner, Emmett and Teller (BET) equation:

An important theory about the multilayer adsorptamtording to
Langmuir theory, it was found that the expressisathermal (BET )
which is considered the basic way to calculatestngace area for solid
materials by using the data of multilayer physad$orptior{®.

In (1938) Brunaner, Emmett and Tell& derived by statistical
ways and by Kinetic studies the following

P _ 1 _ (+) p (1-12)
n(p°-p) n,c nc p°

n: number of adsorbed moles material at equilibrium

nn,: number of adsorbed moles material at the firgtigidayer .
p: gas pressure at equilibrium

po: gas pressure at saturation

c: constant at constant temperature and equal to :

c= @ (1-13)

gi: heat of adsorption at first layer .
g.: condensation heat of gas .

Brunaner .Emmett and Teller(62), have classified adsorption
iIsotherms according to five categories as illusttah Figure (4-1):-
Class|: - is for adsorption of type L according to Gildassification.

Class II: - is as expected from BET approximation in multi aydr
adsorption, which normally happens in adsorptiogas.

Class |11:-takes place when interaction between first lsyedt adsorbate
Is much weaker than interaction between first aaubsd layer.

VY
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Class I1V: - is similar to class I, but there is two limifisr adsorbate

instead of one limit.

Introduction

Class V: - was suggested as a common class of classll.and

Class Ill and V are not so familiar, or command the

chemisorptions may occur in class | only, while fiteysisorption can

occur in any class of the previous categories .

Typel

Vass

Type Ul

Type I,

P

According to the equation ( 12 -1 ) the sketchifiggd n ( F- p )
versus ( f» p ) gives straight line it is slope ( c-3}/on) and it is intercept

equal to 1/pc as shown in figure (5 — 1)

V¢

‘Figure (1-4) Adsorption Brunaner classification
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p/n(po-p)

p/po

Figure (1-5) relationship to line equation (BET)

1.8. Adsorption of organic pollutant materials from solution :

The adsorption on polymers at solid — liquid ireeds has been
studied extensively in recent yedfs,**

Mckay, Otterburn and Sweené$y’ studied the removal of color
from effluent using silica as rate processes. Tloeyd that removal of
basic dye from effluent by adsorption on to silge is mainly controlled
by intraparticlre diffusion although a small boundé&yer resistance was
experienced. They also determined the activati@ngynfor dye removal.

Kawaguchi et.af®® . have studied the adsorption of ps and PMMA
on to silica surface by IR and Lipatov et@f ®® have studied the
adsorption of a mixture of PS and PMMA on to shene surfaces.

Kumar, and Upadhy&’studied removal of phenols by adsorption
on fly Ash, they found that the Freundlich isothasnmore suitable for all
the systems investigated in their study on adsampdf phenol and cresol
and their mixtures from aqueous solutions on atgtyaarbon and fly ash,
also on the effects of contact time and initiauselconcentration and the

iIsotherm parameters evaluation.

Yo
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Polymer adsorption at solid surfaces is importan@aivariety of
fields, such as material and food sciences, medicance, and stone
conservatiof'?.

Safarik, et.al.)"" Studied the sorption of water soluble organic dyes
on magnetic poly (oxy-2, 6-Dimethyl-1, 4-phenyle(ieDDMP) by using
Magnetic (PODMP) for sorption of water soluble arigacompounds
(dyes belonging to triphenylmethane, hetropolyeyaid azo dye groups)
from water solutions. They found in general tha kietropolycyclic dyes
exhibited the lowest sorption.

Longhinotti, (et. al).""?studied the adsorption of anionic dyes on the
biopolymer chitin, the adsorption of the anioni@dyrange IV, orange G,
and xylenol orange on chitin, employing the Langnmotherm found that
the adsorption capacity is dependent on pH , amdiske in the temperature
reduces adsorption capacity by chitin.

Karadag, ¢t.al.)"® Studied removal of water-soluble cationic dyes

with TriSyl Silicas, by investigating the adsoguti of certain
water-soluble cationic dyes, (basic blue 9, basie 12, basic blue 17,
brilliant cresyl blue ,janus green B, basic greerbdsic violet 1, basic
violet 3, and thionin) on to TriSyl Silica by batadsorption at 25 C. They
found Langmuir type adsorption.

Breidenich,ét.al.) ¥, studied the adsorption of polymers anchored
to membranes and found that if one includesitiitefsize of the anchor
segment, the membrane bends towards the polymeauficiently strong
adsorption.

Mohammed® studied synthesis and characterization of Zeelite
urea formaldehyde polymer complex and study of guism of some
phenolic compounds from aqueous solution on itéasar Using FT.IR
spectroscopy and x-ray diffraction pattern .showkdt the effect of
temperature, that the characterization of Zeoliteea formaldehyde

1



Chapter One Introduction

polymer complex was adsorption more than Zeoliteenplic compounds
from aqueous solution on its surface.

Al-Samarmet® | identified adsorption isotherms for some aldehye
compounds on the surface of the Zeolite (5A) thsulte followed
Freundlich equation this study involved the effectemperature, PH and
ionic strength on the process of adsorption.

Pekel and Guvefi”.studied the effect of solvent, temperature and
concentration on the adsorption of poly (n-Butyktiaerylate) on alumina
from solution by using UV. And F.T.l.R. photoacaasspectroscopy
techniques, the results obtain is in conformityhwiitngmuir isotherm.

ARY%
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1.9.THE AIM OF THE WORK

The aim of this work is to study the possibilityusing across linked

polymer (acrylamide- bisacrylamide) co-polymer dsabent for some
organic phenolic compounds from aqueous soluti@hitais efficiency

and comparing it is efficiency with Zeolite and otwal .
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Results I Discussion

3.1 Preparation of (acrylamide Bisacrylamide) Co -polymer :-

The polymer was identified by FTIR spectrophotomée used in
studies and we notice the stretching vibrationMifi{) group with it is
symmetric parts (3200 ¢t and with asymmetric about (3370 Onthis
two peaks were presence case of the hydrogen lpodibecause of in
pure parts of the water.

The peak in the (2930 ¢hhthis peak of stretching vibration of (C —
H) aliphatic group and in the (1662.5 9rthat found a strong peak that
retain to the stretching vibration which belongsthhe amide carbonyl

group .
M M V\

CO<—>CO

(A (1

That the stretching vibration of the amide carbayrgup decreased
under the stretching vibration standard of the r@tamide group this
happened because of the resonance between thengladoawing group
and the two electron pair which consists in amineug that lead to
feature oblique of carbonyl bond as double andeiasing of the single
this case of decreasing of the force constant efltbnd that lead to
decreased of the vibration frequency.

To the all above mentioned cases that the peak585 cni') that
retain to the group of (CNH,) and the stretching of the peak in (1275
cm*) which belongs to the bond of C — @hich consist during the

resonance.
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And the suggestion of polymer structure is:-

0 0
] |

CH,=CH-C-NH, + |[CH, :CH-CNH‘ , CH,

% 4 o G C
/ /7N
T
®) NH ®) O
N NHN NH, L N \\
Dol 2C=0 'C—NH, C—NH,

)C\/CK)\/K/K/
g :

vy
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3.2 swelling of the polymer:-
Swelling test for the prepared polymer was perfalraecording to

ASTM procedurd’. The swelling have been measured in water at pH =
7, pH= 6, pH= 8, and 0.1M NaCl solution, 0.2M NaBlution, swelling

of Zeolite has been done on the same method.

The results listed in table (3 — 1):-

Table (3 — 1) swelling percentage for polyimearticles

The polymer Solvent Swelling percentage %o
Co-Poly (acrylamide —+ .
_ _ Water pH=7; at 25C 3.3%
Bisacrylamide)
pH=6, at 25 C° 2.0/3%
pH=8, at 25 C° 5.201%
0.1M NaCl; at 25 C° 1.859%

0.2M NaCl; at 25 C° 1.462%

AR
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3.3 Adsorption

3.3.1 Adsorption Isotherms

Adsorption of compounds (NPh, DNPh, APh, ph) in eaus
solution at 25 C°, and pH 7, and was investigasidguless than 300pum
diameter granules of the polymer of (0.01) gm asoduknt, with
adsorbate, of initial concentrations of each (NBI83,40,45,50 and 55)
(ph 70,75,80,85,90 and 95), (DNPh 5to 15,20,25 30)ppm and( APh
20,25,30,35,40,and45)and the total volume of a@dgeris 10ml.

The amount of adsorption has been calculagg the following

equatiorf*?:
Qe = Vsol (C — Ce) (3-1)
m
Where

Qe = the quantity of adsorbate in mg/g.
V = the total volume the adsorbate in L.
C. = is initial concentration of solution in mg/L

m = weight of adsorbent (gm).

The results have given the isotherms which are shovable (3 — 2)

Ye
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Table (3 — 2) illustrates the values of Ce and @e&dmpounds (ph,
DNPh,Ph, APh) at 25C°.

Ce Qe
mg/L | mg/g
20.8269.173

25.1859.814

28.96611.033
33.533 11.466
37.314 12.685
41.549( 13.450

Yo
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30
25
20 —e—APh
8 15 —=Ph
NPh
10 s DNPh
5 ; o
4/
0 J“/ T T T
0 20 40 60 80
Ce

Figure (3 — 2) shows the adsorption isothermsgar DNPh, APh, NPh).

From figure (3 — 2) and according to Giles classiiior®>®®) ph
follows L;adsorption mode, thus molecules would be arrangeallpl on
the surface polymer, with three layers, and theoiud®n is happened
through the hydrogen bonding between the Ph angdhgner, and the
adsorption isotherm for this compound is of Langnype.

From the same figure and according to same claagdn APh
follows L, adsorption mode, and this compound have highibffi
adsorption towards the surface, and its arrangedllpbfor adsorbent
surface with two layer, and the adsorption isothEmnthis compound is of
Langmuir type.

Also the same figure, the adsorption of DNPh foBo% adsorption
mode according to Giles classifications and thatmsethe compound
arrange in classes or clusters form on polymeraserfalso it arranged
vertically on polymer surface, with two layers, ahd adsorption isotherm
for compound is of Freundlich type.

NPh follows L, adsorption mode on the polymer surface according t
Giles classification and here we see some of siityilaetween the type of

adsorption of these two compound (APh, NPh) thegraed in the same

1
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form on polymer surface and for similar reasonbBath hydrogen bonding
Is the pushing force to adsorption of APh, and N&td the adsorption
isotherm for this compound is of Langmuir type.

However, the adsorption value determined dependmdrreundlich
and Langmuir equation of the four compounds isdisin table (3 — 3)
could be:-

|
InQe=InKf +H Ce Freundlich equation  (3-2)

Celb
—=+Ce | |
Qea a Langmuir equation (3-3)

v
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Table (3 — 3) adsorption modes for compounds aauptd Freundlich
and Langmuir Equation.
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Plotting of Ce and Ce/Qe for Langmuir equatiorhisven in figure
(3-3)

NPh/Lang APh/Lang

N
: RZW/W e R2=0.781¢
25 — 4.8
4.7 4 Rf=1 /
X
/

0.5 4.4

CelQe
CelQe

15

Ph/Lang

CelQe

15

0.51

0 20 40 60 80
Ce

Figure (3-3 )shows the Langmuir slop in Ce agaiiedQe for compound
( Ph, APh, NPh) at 25C

The Langmuir constants are calculated and listedhle (3-4)

Table ( 3-4) value of Langmuir constant for compaai( Ph, NPh,

APh )at 25 €
compound a b r
Ph 0.462 0.004 0.165
Ph, 0.518 0.006 0.969
Ph, -0.076 -0.02 1
Phs 1.154 0.03 1
APh 0.226 0.001 0.342
APh; 0.25 0.0075 0.883
APh, 0.53 0.04 1
NPh 0.65 0.024 0.976
NPh, 0.724 0.031 0.947
NPh, 0.453 0.009 0.922

A}
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Plotting of In Ce and In Qe for Freundlich equatshrown in figure
(3-4)

DNPh/Fre.

R’ =0.9032 ,

LnQe
AN

Figure(3-4) shows of Freundlich slop Ce against Qe value for
the compound ( DNPh).

The ¢ Freundlich constant are calculated and listéable ( 3-5) .

Table (3-5) value of Freundlich constant for theapound ( DNPh )

Compound Ks n r
DNPh 0.801 0.482 0.95
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3.3.2 Temperature effect

The effect of temperature on the adsorption prockss the
compounds (Ph, DNPh, NPh, APh), on surface of thinper, was
investigated in four different temperatures (1538%45) C° at the
following conditions, pH = 7 with less than 300umardeter granules of
adsorbent of (0.01)gm, with adsorbate of initiah@entration between (70
— 95 ppm of ph, 30 — 55 ppm NPh, 20 — 45 ppm of ARth5 — 10 ppm of
DNPh),

The results are listed in table (3 —6) .

However, the results are listed in table @ —....... 3 — 8), since the

behavior of each compound is different from theeotthence the results

for each compound discussed separately.

¢
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Table (3 — 6) Adsorption isotherm for the compoufads DNPh, NPh,
APh) at different temperatures (15, 25, 35, 45) C°

1191808 ‘
19320634

1183814(

3.912 1.08
4554 544
8.248 6.75
11.138 8.86
14.189 10.8
6 19.109 10.8

¢y
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Figures (3-5), (3-6), (3-7), (3-8) show latpf adsorbate quantity
versus equilibrium concentrations for (APh ,DNPh PN ,Ph),
respectively, and at temperatures which have beanqusly mentioned.
However, the results of each compound are discussgdrately as

follow;

Y
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APh

9

8

7 .

6 ﬁ‘?’t‘/ ——15C
@° o —=—-25C
8 '

g V /L 35C

N/ 45 C

L/

0 s/ ‘

0 20 40 60
Ce

Figure (3 — 5) Adsorption isotherms ofnA@ (15,25,35,45) C°

DNPh
12
2
10 1 );// —e_15
8 )
S 6 . z 35
4 45
2 7
0 {.,,/"( T T
0 10 Ce 20 30

Figure (3 — 6) Adsorption isotherms of DNPh at 28635,45) C°
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NPh

——15C

15 —=-25C
/ 35C
45C

Figure (3 — 7) Adsorption isotheraf NPh at (15,25,35,45) C°

Ph
50
40 -
30 - —— 15
S 20 vt g o

Z{ s

10 - 45
0 7= ‘ ; ‘
0 20 40 60 80
Ce

Figure (3 — 8) Adsorption isotherms of ph at (1538%45) C°

In compound APh, we noticed decrease in its adsorptvith
increasing of temperature which means that makedwption more
happen than adsorption process with increasingeotémperature.

From the general form for isotherms of this comgbahtemperatures
(15,25,35,45) we found it follows L adsorption moakich explain the
decreasing of adsorption with increasing of temijpeea because the

o
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inability of this compound to fill the holes or pars in polymer skeletal
and the molecules of this compound arranged patalline surface at all
temperatures. The absorption doesn’'t occur forcbmpound in polymer

skeletal.

In DNPh compound, we notice that it takes the $gu®on mode and
this mode transit with range betweena$(15,25)C° temperatures anga®
(45)C° temperature. That the bonding of DNPh witHace is through the
hydrogen bonding between (OH) and (N@r through the hydrogen
bonding of (4 — N© group from hydrogen bonding also in vertical with
the surface, and because of the vertical arrangeafighese molecules, it
can penetrate the polymer porous, and the incrgadiadsorption of this

compound with increasing of temperature make tiggsstion.

15>25>35>45

In NPh and Ph compound, the mode of adsorptiofl®t C° is $
which means that the arrangement of its molecsleeitical, but when the
temperature are increased the adsorption modeifctdmpound transit
form to L type that between L and With increasing occurred in quantity
of its adsorption which suggests occurring of hgam bonding between

the NPh and polymer surface.

€1
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3.3.3 Thermodynamic functions

AH has been calculated for all adsorption processesrding to
equation (1§?, via plotting logarithmic value of the maximum adstion
guantity at equilibrium concentration as (in Qe inaagainst the
temperature as (1/T).

The results are listed in table (3 — 7) and figidre- 9):

In Qemax -AH
Ce max RT

+ constant (3-4)

Table (3 — 7) values of 1/T and In Qe max for thmpounds used in the

study.

DNPh

Qe In Qe

max max

» 8.102 3.472*168

y 20.271 3.356*10

7 20.345 3.247*16

1 40.816 3.145*168

1Y
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12

¢ Ph

APh = 10
= / ) g

NPh ~ s C

DNPh 2 ©

) c
——Linear (Ph) é Lo
— Linear (APh) ‘ ‘ 0
——Linear (NPh) 0.0036 0.0034 0.0032 0.003
——Linear (DNPh) UT

Figure (3 — 9) shows values of In Qe max againkfdr adsorption
of compound ph, DNPh, APh, NPh on the adsorberfhcelr

All these data have been treated by using the sepgstire method and
AG was calculated. The Gibbs free enetngy for adsorption is associated

with equilibrium constant lgaccording to the following equation:

AG= -RT In Keq (3-5)
Since
Ce
— = Kq (3-6)
Qe

So eqgnilibriu m because

e
AG=- RTIn28 3-7)
Ce
Knowing that Qe should be in mg/kgS have been calculated Via
Gibbs relation ship.

AG =AH - TAS

EA
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Table (3 — 8) illustrates the value of thermodyrafunction of
compounds (ph, DNPh, NPh, APh) on the surfaceeptilymer.

Compound A HJ/mol A G J /mol A S J/mol.K

Ph 37109.273 - 123.88.286 166.099

DNPh 14026.134 - 15578.514 99.344

NPh 33186.22 - 14347.125 159.508

A Ph 7196.51 - 13161.37 68.315

Table (3 — 8) illustrates the thermodynamic functi@alue for adsorption
of compound (Ph, DNPh, NPh, APh) on the surfagaobfmer.

From table (3 — 8), thaH values show that the adsorption of APh
compound is endothermic process in little degretewmiperature, while its
noticed from isothermal adsorption for this compama (15,25,35 and 45)
temperature, that decreasing in adsorption withedestng of temperature,
the adsorption in this case must be exothernit ifegative value).

Therefore, it can be explained from the posith& which increasing
of disorder of molecules arrangement on adsorheface, and in spite of
the evolved heat as a result of hydrogen bondind alectrostatic
attraction between the compound and adsorbentcsurfiut it doesn't
enough to overcome the entropy (or disorder) preduat adsorption,
while its noticed that the moderate value for negafAG) which make the
adsorption process more acceptable from the themaodic point of
view.

Also in DNPh compound the adsorption process isog@tmic
(positive AH) and this agreement with its isothermal adsorptio the
range of (15,25,35 and 45) temperature — Althowdh doesn’t high
because of the presence of two forces, first astdtic force and the

£9
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second is hydrogen bonding. Here the competitimtcsirred between the
two forces, and the electrostatic force tend tokns@ bonding between
the compound and the polymer where as the hydrbgading tend to
enhance the bonding and the traces heating prodsi¢exn the overcome
of repulsive electrostatic on the hydrogen bondmth increasing the
temperatures. ThAS of APh is high, and as we remembered previously
that the DNPh compound in is two possibilities Whimean the increasing
the possibility of bonding of the compound and pledymer (increas&S
bond), whenmAG is higher it was in APh, that’s the adsorptiongass is
more spontaneous than NBh

In compound NPh and ph its found that adsorptioendothermic
process. The increasing of adsorption by increangperatures enhance
that result. Also, thS for adsorption of these two compounds is more
than that for APh and DNPh compounds. When, wermeto adsorption
isotherms, we found inflection in the arrangemeoitghese molecules
from the S mode to L mode which means that thezenaulti possibilities
vertical and horizontal for ph and NPh arrangementpolymer surface.

In the same method fromG values for adsorption of these two
compounds it is noticed that it is spontaneous gméferable

thermodynamicall§*.
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3.3.4 Ionic strength

The effect of ionic strength on the adsorption pescfor compound
(ph, DNPh, NPh, APh) on the surface of the polymexs investigated in
three different ionic strength (0.0, 0.1and 0.2)N€CI at the following
conditions, 25C°, PH = 7, and less than 300Mm dtangranules of (0.01)
gm of adsorbent, with adsorbate of initial concatnns (70 — 95ph, 30 —
55 NPh, 20 — 45 APh and 5 — 10 DNPh)ppm.

However, the results are shown in figures (3 — 10.....3 — 13)

NPh
16
14 |
12 /V“/'/‘ ——0
10 P y
r =01
8, 8
6 ren 0.2
4 y
2 y
0 ,‘/ : :
0 20 40 60
Ce

Figure (3 — 10) shows the effect of ionic strengtithe adsorption

isotherm of compound (NPh).

DNPh
14
12
10 A /‘ ——0
o 8 \/—.//'z/ —=—0.1
© 6 Voan 0.2
4 - /{/
2 vy
0 L = T T
0 10 20 30
Ce

Figure (3 — 11) shows the effect of ionic strengtithe adsorption
isotherm of compound (DNPh).
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APh
10
8 — 0
6  n—" ¢
o) -—=—0.1
o L,
/ 0.2
2
0 / ‘ ‘
0 10 20 30 40
Ce

Figure (3 — 12) shows the effect of ionic strengtithe adsorption
iIsotherm of compound (APh).

Ph
30

25 f
{ —o—0
20 !

8415 | " -—=—0.1

10 | A J 0.2
5 .

0 x/

0 20 40 60 80

Figure (3 — 13) shows the effect of ionic strengtithe adsorption

isotherm of compound (Ph).

Figure (3 — 11) and (3 — 12) about compsuNPh and DNPh, its
noticed that effects of ionic strength on the apBon of this compounds
on polymer surface are weak and unstable. Bulldvis the general type.
In case of increasing of ionic strength for solnttbe electrostatic double
layer will appear with contract (or opposite) clarfgr polymer surface

and will reduce the appeared the negative chamg fiaally reduce the
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repulsion occurring between the polymer surface @mpound and the
adsorption will increase.

While in case of compound APh, the increasing dtitsin ionic
strength increase the interference of the solvedtsmlute (increasing the
solubility) according to Deby — Hiikel 16#%*® and also reducing the
adsorption quantity according to this 16%°” ,and then decreasing the
adsorption process, when the ionic strength reaich@2)M it will make
saltind®”, and finally reducing the solubility of the compumu and
increasing of its adsorption. That shown in fig(Be- 13).

Figure (3 — 14) show the increasing of ionic sttrig ph compound
will increase the solubility of ph according to Byeb Hikel Low and here
we notice decreasing of adsorption by increasingic strength as the

result.

3.3.5 Effect of PH

The effect of PH on the adsorption process for cumps (Ph, DNPh,
NPh, APh) on surface of polymer, three different @&7and 8) at the

following conditions, 25C° with less than 300um rd&ter granules of
adsorbent of (0.01)gm, with adsorbate of initiah@entrations (70 — 95 Ph,
30 — 55 NPh, 20 — 45 APh, and 5 — 30 DNPh) ppm.

The results are shown in figures (3—15 ........ B 1

However, the results of each compound is discuasddllow.
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DNPh
20
15 7 ——PH 6
= PH 7
o 10 PH 8

0 N—=

0 25

v —
/0/'/~/ '
5 /I/./
5 10 15 20
Ce

Figure (3—14) shows the effect of pH on the adsonpf
compound( DNPh).

NPh
20
15 ——PH6
© . —a—PH7
o 10 PHS
5 _
0 !‘ I I
0 20 Ce 40 60

Figure (3—1% shows the effect of PH on the adsorption of
compound( NPh).
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APh

14

12

10 —o—ph6

8 —a— ph7
S : ph8

4 ;

2 :
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Figure (3—16) shows the effect of PH on the adsmmpif
compound (APh).

Ph

30

25 .

20 1 —e—PH 8
S 15 = PH 7

10 ’, PH 6

5

0 :4/”/

0 20 40 60 80
Ce

Figure (3—17 shows the effect of PH on the adsorption of
compound (Ph).

The compound of DNPh which belongs to S adsorptmte, we

have noticed decreasing in adsorption value witbreasing of PH

solution. The increasing of PH value solution wiltrease the stability of

o0
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negative charge of 2, 4 — Di nitro phenoxide analsg stability of DNPh
and increasing of repulsive force between adsorbarface and DNPh
from the other hand, in general these two effecsy meduce the
adsorption. That shown in figure (3 — 15).

Also, figure (3 — 16), explain the NPh compound #msorption
decrease with increasing PH solution for the saaasans, with notice that
NPh in low concentrations and PH = 6, the adsonptaiues will be lower
than that in PH = 7 at the same concentration megytd strong bonding
with the solvent (aqueous) in low concentratioPbt= 6, the bonding of
NPh in dissolved phase larger than its bonding waibkorption surface in
adsorpance phase.

In APh compound, the adsorption of APh at PH=&e&slargest then
at PH=7 and finally at PH=6

PH8 > PHPH6

The reason behind that due to the presence of agnop which
neutralize the acidic effect of (OH) group in ARIngpound at PH=6, the
amino group will be in equilibrium state with apoofrom (Ammonium
NH"), therefore the solubility will increase in PH=#hd the adsorption of
this compound in its lower values, than it will rease with in creasing of
PH due to decreasing ionization of amino group famally, decreasing of
solubility of this compound with notice, it must beareful from
continuance of increasing of PH which may increttse ionization of
hydroxyl group and finally increasing of solubilitg high range of PH,
higher than 8 and decreasing of adsorption. Thawshn figure (3 — 17).

In compound Ph, the largest adsorption at PH=7thed PH=6 and
the last at PH=8.

PH7 > PH®HS8
That we have see deviation of acidity solution fnoatural may make

interference of Ph molecules with solvent (wateglenules more than its

o
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interferences with polymer surface. These reswts ke explained on the
bases of decreasing of ionization of Ph compound this will increase its
adsorption as comparable between its adsorptiéfHa7, and PH=6, also
the decreasing of hydrogen bonding between ph cangpand water

molecules make more adsorption (as comparable batwedsorption of
this compound at PH=6 and PH=8). This explairtems in figure (3 —

18).

3.4 Comparison phenols adsorption on prepared polymer surface

with Zeolite and Charcoal .

Since most of the studies available are the adsorpin zeolite 5A
and charcoal. This adsorbent was studied extensiwvebrder to evaluate
and validate some of the result on the polymer ykaenide -
Bisacrylamide) copolymer.

Comparison of the adsorption processes for the oams (Ph,
DNPh, NPh, APh) on the surface adsorbent of (pofyrzeolite and
charcoal) at 25C" and PH=7with adsorbate of init@hcentrations (70 —
75ph, 30 — 55 NPh, 20 — 45 APh, and 5 — 30 DNPm).pphe result
shown in figures (3 -19 ....... 3-22).
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DNPh
16
14
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10 s
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Figure (3-18) shows the adsorption isotherms ogirpet, Zeolite and
charcoal for compound (DNPh) at 25C°.

NPh
30
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20 ——P
8’ 151 —a—C
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Figure (3-19) shows the adsorption isotherms ogirpet, Zeolite and

charcoal for compound (NPh) at 25C°.

oA



Chapter three Results I Discussion

APh
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Figure (3-20) shows the adsorption isotherms ogirpet ,Zeolite and

charcoal for compound (APh) at 25C°.

Ph

& 20- - |—P
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Figure (3-21) shows the adsorption isotherms ogirpet, Zeolite and

charcoal for compound (Ph) at 25C°.

Figure (3 — 18) showed that the DNPh compound Waithe order in
adsorption:-
C>P>Z
And this explain the bonding force of DNPh with lman surface
through the complexation, and the formation of ggison line similarity
to saturation curve which explained this of Langntype in spite of its S
adsorption mode.
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That the initial concavity for adsorption curve tbis compounds on
carbon surface it take the S adsorption mode beaafysorosity of carbon
surface.

But in continuous of adsorption. The adsorptionl wéach to the
saturation state because of the correspondende dMPh molecules on
the cyclic carbon surface that have electronic aphere through the
charge transfer complexation.

But at the adsorption of the same compound on teeslirface the
amount of its adsorption is the lowest one becadithe general skeletal
for crystal lattice zeolite charged with negativeige and in general the
adsorbent would be very low on its surface.

The compound NPh take the following order of adsonp:-
C>P>Z
And the same explanation on the DNPh that havedh®se cases and

that shown in figure (3 — 20).

The compound APh follows the following order:-
L>C>P

The negative charge on the zeolite increased tkergtion of this
compound through electrostatic attraction.

The porosity and large surface area of carbon seirfaake it more
active than the prepared polymer in adsopance di APits aqueous
solution besides it must be considering that serfaarbon doesn’t neutral
absolutely because of the free electron, make #@mboa surface to
electronic active which prefer the adsorpance dfi A8mpound on carbon

surface in its aqueous soluti® That shown in figure (3 — 21).
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Also ,the compound Ph follows the followingder in it
adsorption;
P>C>Z
Also , For the same reasons remembered previousigt .is large
negative charge for Zeolite skeletal and electron on carbon , these
factors decrease the bonding between Ph and thefee comparable
with it is bonded and the polymer surface which thaslargest adsorption

with phenols.
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Conclusions

1. Polymer swellings were in different of PH and incdNan 0.1
misgreater of 0.2 M.
2. atemperature of 25C":-
a — The adsorption mode was L for ph, NPhhARhile it was S fc
DNPh.
b- The adsorption quantities following the order
APh > DNPh > NPh > Ph
3. the adsorption of all compounds was endothermic
4. there was individual variation for the adsorptidreach compound
relation to its ionic strength
5. The adsorption of compounds (ph, DNPh, NPh, YAPivere
comparison in studies that is adsooption the other adsorpti
standardization surface such zeolite and porousocathat found on
the ph adsorption on the surface polymer that atgrehe zeolite ar
carbon, but on the other adsorption compounds ifferdnt o

adsorption ability on this adsorption surfaces.
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Suggestion for future work,

1. Copolymer (Acrylamide - Bisacrylamide )is for fuéuwvork to be used
as absorbate
2. Future work could be designed to study.

a- Adsorption of other organic or inorganic on theface of this
polymer to fine is ability to be used in the saimita and
purification processes.

b- Adsorption of a mixture of the four compound on sike
polymer

c- Adsorption of each of the compounds in non aqusolgion

d- Adsorption of each of the four compounds on otli=og ate
than Zeolite 5A and charcoal for comparison andtitgl

e- Study the specific conductivity of phenolic compduwolution
before and after adsorption.

3. generally it was noticed that adsorption quantiteeproportionally
correlated with the PH studies

4. The adsorption for all compound was endothermic

5. The adsorption of compounds (ph, DNPh, NPh, APhgrew
comparison in studies that is adsorption on theerothdsorption
standardization surface such Zeolite and poroubocarthat found
only the ph adsorption on the surface polymer ¢hgteater than the
Zeolite and carbon, but on the other adsorptionpmmds in different

of adsorption ability on this adsorption surfaces.
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Summary

Copolymer(Acrylamide—Bisacrylamide),was preparedd adentified
by F.T.I.LR. Spectroscopy then swelling tests weegfgpmed for this
polymer in different solvents.

The adsorption processes of some phenolic compophd®NPh, APh
and NPh in aqueous solution on the surface of floymer were
investigated by the use of UV — visible spectrophater and also studied
at different: PH, temperatures, and ionic strength.

Results revealed that the adsorption for compowtdemperature of
25C° took: L — mode for ph, APh and NPh while itsna— mode for DNPh
according to Giles classification.

1. at temperature of 25C° the adsorbate arrangeckifotiowing order:-

APh > DNPh > NPh > ph.

2. No deferent pattern was noticed with regard toatigorption quantities
according to the ionic strengths.

3. Generally it was noticed that adsorption queadiis proportionally
correlated with the PH studies .

4. The adsorption for all compounds was endothermic

5. comparison the adsorption of compounds ( Ph, IDN®NPh , APh )
on other standardization adsorption surface suZkeolite and porous
carbon , showed that only Ph adsorption on polyserface was
greater than on Zeolite and Carbon, while ottmnmounds showed

different adsorption ability on this adsorptionfages .
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