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Abstract
The subject ofthis research involves studying the possibility removed ofbirllant blue by TiO2
stability were studied and the results showed that the dye are stable in temperature range about (2
against Uv-linght in the wave length range (290-320) nm. Titanium dioxide successed in removin
UV-Vis absorption spectrophotometric techrique was used to fotlow the dye concentation b
process and after differelt periods of time, since the sorption isotherms were obtained by ob
Freundlich adsorption isotherms, with R2 (1-0.9993) for dye.
The dye adsorption isotherms take which related to a strong interaction berween dye and TiO2
values AH = +(5.962-26.57\J, LG = -(966-999)J, AS = +(3.45-9.1906)J.
The kinetic study of dye sorption on TiO2 was studied depending on three kinetic equations: (
(Morris-Weber modet), (Reichenberg model).
From these models we sugg€st that the rate limiting mechanism is absorption and the sorption
steps; absorption and adsorption.

Introduction
The use of natural dyes for painting and dyeing has been
known since ancient time. The recent discovery in the
chauret-pont-dar'c caves in france of 30000 year otd
Paleolithic rock paintings provide the ancientest
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The chromophore is a group of atoms, which controls the
color of the dye, and it is usually an electron with
drowning group. The most important chromophores are
-C=C-, -C:N-, -C=O, -N:N-, -NO2 and -NO
groups(').
The auxochrome is an electron-donating substituent that
conintensi! the color of the chromophore by altering the
overall energy of the electron system and provides
solubility and adherence of the dye to the fibel3).
There are two important for selecting a coloring agent{2):

l-Good storage stability yiith respect to other d€tergent
components and to light.
2-No significant tendency to affect textile fiber.
Pollution of surface water and ground water is a major
concem throughout the world. There are two basic types
ofpollution:
Point and Non poinla); Point pollution is contamination
that can be haced to a particular source such as an
industrial site, septic tank, or waste wat€r treatments
plant, non point pollution r€sults fiom large areas and not
from any single source and includes both nahrral and
human activities(lo). So*.., of non point pollution
include agricultural, human, forestry, urban, ald mining
activities and atmospheric deposition(5).
Titanium dioxide is considerably the most extensively
studied photocatalytic material because of the high
resistance to dark and photoinduced corrosion, easy

availability and low cost. The titanium dioxide surface
was explored many studies as a means of improving its
photocatalytic activityrn'.
Langmiur Isotherm reflects good representation of
chemisorption, and usually represents the low P portion
of other isotherms{7). Adsorption sequentially fi lls surface
sitcs until mono-layer coverage is achieved. No
multilayer coverage is included.

pot€ntial energy is regular, and
not equiYalent in energy(|5),
formation is highly expected,
following figure.

and interaction only between
surface sit€(8 

9).

(l)

Where Q is the amount of (mg/g), C. is the
a, k are constantsequilibrium concentation (mg/L),

related to adsorption capacity and
respectively or sometimes called

of adsorption
constants(t9).

Freundlich Isotherm is one of
isotherms that deals with
interface, which has been by (Herbert Max
Finaly Freundlich) a German sc in 1926(10).

, so the change inMost of surfaces are

the multi-layer
as shown in the

This leads to a significant c in the adsorption
has been employedisotherm, since Freundlich equatio

to represent the change in the t of adsorbate per
with equilibriumunit area, or mass of

concentration of the adsorbate.
Freundlich equation could be wri
Q = kr C"'h
tog Q : log k6 + l/n log C" ...........
where Q is the adsorbate quan
concentration of adsorbate at eq
n are Freundlich constants.
Many workers have studied the

(mgll), kp, and

dye by photocatalysis using Zn '3), Feror('o), and
str,rdy the effect ofclay(r5 

16). The present study inc
time contact, temperature and iation by Uv-light
(290-320)nm to find out the conditions for the
adsorption process for Birllant blue
The detailed kinetic and thermod amics studies has

been employed to investigate the
order of the sorption process for all
Experimental Part
Preparation of Solutions

chanism, rate and

A solution of 1000 ppm of dy was prepared by

as follows(" 12):

....(2)

....(3)
(mg/g), C" is the

lurization of various

llutants

l0l

dissolving 1g of dye in distitled waler in lL volumetric

[t=i.;-."]

most important
at solidJiquid

adsorption sites are



First Scientific College of Science, IJnivers i\' of Tikreet

flask, thereafter solutions of different concentation were
prepared by a subsequent dilution.
Determination of l,--
A sample of 1000 ppm dy€ solution u€re taken and a
spectrum scan were measured using UV - Vis
spectrophoto - meter. The dye showe,l different l,-*,
which shown in Figs. (1).

F'ig.(l): The l.-- for 1000 ppm Birlliant
blue solution at 6.l6nm

Birlliant blue G250 (Natural Dyes)
Specilication sheet Structure of Birlliant

blue(ta)

Fig.(2): The calibration cury€ of a series of
Birlliant blue solutions

The quantity of adsorbate was calculated by using the
following formula:
Q": v*r (c.-c")a,r ....... ... ........(4)
Where
Q. = Quantity ofabsorbate (mg/g).
V.o1 : Total volume ofadsorbate solution (L).
Co : Initial concentration ofadsorbate solutions (mg/L).
C" = Final concentration of adsorbate solution at
equilibrium (mg/L).
M: Weight of adsorbate (g).
The percentag€ of sorption was calculation by using the
following formula:

xq = 
(!*:!J, 

1 00................................( s)
C"

where
o/oQ : Sorption percentage.
Result and Discussion
The study ofthe thermal stability offive concentration of
dye was achieved after a constant time (30 mitr.), which
revealed that dye is stable at tempenture range (2gg-
293)K.
Table (2) shows the absorbance of dye at different
temperature after 30 min., the data obtained revealed that
dye is entirely stable over mnge of temperatures and
nondecompostab le.

Table (2): The absorbence of Birltilnt blue at
different temperatures after 30 min at 636nm
T Absorbrnce of Birlliant blue solution
eK) t0 20 30 40 s0

ppm ppm ppm ppm ppm
288 0.51I 0.508 0.341 0.515 0.515
289 0.470 0.442 0.347 0.347 0.391
291 0.54 0.586 0.449 0.674 0.s81
293 0.498 0.690 0.375 0.341 0.432

The photo stability of two concenfation of dye revealed
that dye rs stable afterspecific periods of irradiation by
Uv-light (290-320)nm, the data obtained proved that the
dye is non decomposable even at a prolonged period of
exposure to UV-light, and as shown in Table (3).

Empr
ical
formu
la
Mole
cular
weigh
t
Melti
ng
point
Sotub
ility

ECaTHaeN3O

7S2Na

710.01
g/mol

206"C

Water N- l4 I [4-(4-Ett yoxy phenyl)
aminel phenyl -[4-[ethyl[(3-
sulfophenyl)me thyl aminol-
2-methyl phenyll
methylenel-3-nrethyl-2,5-
cyclohexadien- I -ylidenel-N-
ethyl-3-sulfobcrzene
methanaminiunr mono-
sodium salt

Table (l): Value of the absorbrnce for a series of
Birlliant blue solutions

Concentration Absorbarrce
(ppm)
l0 0.558
20 0.986
30 1.141'7
40 t.73t
50 ll927

The calibration cury€ wurs accomplished by measuring
the absorbance of solution (10, 20, 30, .10, and 50 pprn)
at 636 rm. Table (1) shows the atrscrbance of each
solution, thereafter plotting of r bsorbance vs.
concentration and as show in l.'ig.(2).

Conc.ntr.tlon(ppm)

I

i
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Table (3): The absorbance of Birltiant blue after
different irradiation time by UVJight (290-230)nrn

C (ppm) 0 hrs. I hrs. 2 hrs. 3 hrs. 24 hrs.

Absorbance

40 0.220 0.220 0.222 0.224 0.224
1000 1.140 1.140 1.t42 1.145 1.145

Fig.(3-l-1) show the variation ofQ" with the contact time
for a solution of40 ppm dye to be in an aftachment with
0.1g of TiOr. The data obtained revealed that there was
consid€rable increase in the value of Q. at the
temperatue range (288-293)K with increase time upto
constant Q" value which indicate the equilibrium timeoE).

F'ig.(3): The variation ofQ. with contact time for
40 ppm Birlliant blue solution at

different temperatures

Fig.(4) shows the adsorption is
for different concenfiations o

(freundlich type)

temperatures after equilibrium
heterogenous photocatalytic
adsorption ofdye on the catalytic

dye at different
0 min.). ln the

gradation process,

be a primary step of the reac
was assumed to
The adsorption

expe ments were carried out to ev uate the equilibrium
quantity of adsorbate(7e) to the modem
classification of isotherms, it is S isotherm, this
may be due to a strong interaction b een adsorbate and
adsorbent(ro)

ofdifferent
concentration of

peratures

C"/Q" against C" which represented in Table (4) indicate
applied as show inthat Langmiur linear plot could

Fig.(s).

Table (4): The values ofC" and C"/Q" for the sorption of dilTerent concentrations Birlliant dye at different
temperatures

2t9X 29lK
c" cJQ. c" cJQ.

(ng. Lr) (g.Lr) (ng. Li) (g.Li)
5.49 8.89 1.ts 3.8'1
4.68 6.51 8.39 4.1I
2.92 1.35 9.08 4.39
L955 0.75 I l.35 4.'16
3.22 2.22 t3.2',t 4.9't

at 288K at 289K

c. 2EEK
c" cJQ"

(mg.Li) (g.Li)
10 6.6',7 ',7.01

20 6.58 6.8'1

30 2.995 1.405

40 6.78 7.18
50 6.'.18 7.18

293K
c.

(mg. L-')
5.01

6.36
6.68
9.01
'7.73

(c.
4.
4.
5.

8.

3
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Fig. (4): The adsorption
blue on

TiO2 at different
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at 29lK tt 293K

Fig.(S a,b,cd): The plot of CJQ. sgainst Ce for the
sorption of different concentrations ofBirlliant blue

on TiO2 at different temperature
Table (5), and Fig.(6) shows the values of log Q" against
log C"

Table (5): The v&lues of logQ" and logc"for the sorption of different concentrations Birlliant blue on TiO, at
different temperatures

c" 28EK 289K 29tK 293K
logc. logQ" -togC" toge" logc" loge" logC" toge"

l0 0.82 0.2 0.74 0.08 0.85 0.s8 0.69 0.6320 0.81 0.21 0.64 0.04 o.qa) 0.61 0.80 0.6s30 0.4't 0.39 0.46 0.43 0.95 0.64 0.82 0.72
40 0.83 0.2 0.29 0.73 1.05 0.67 0.95 0.93
50 0.83 0.2 0.5 0.36 t.t2 0.77 0.88 0.80

at 291K

Fig.(6 a,b,c): The freundtich linear relation ship
between log Q" and log C.for the sorption of different
concentrations of Bi lisnt blue on TiO2 at differetrt

temperatures
Effect of Sorbent Quantity
Fig.(7) shows the effect ofthe TiO2 dose on the sorption
process.
The plot of (C.-C") against sorbent quantity m(g),
indicated that the sorption increased as the quantity of
sorbent increased. Then exhibited a maximum uptake at
0.lg of sorbent.
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Fig.(7): The effect of TiO2 on the sorption process

for 40 ppm Birlliant blue at 293K

Fig.(8) show that the sorption percentage decrease as the
temperature increase.
Knowing that the adsorption process is an exothermic
process(2), while the absorption process is an endothermic
process. However, the sorption process could be

exothermic or endothermic depending on the dominant
process, in other words the adsorption or absorption or
both of them.
Following the sorption percentage in Fig.(8), reveals at
288-293 K, the sorption percentage decreased, and then
the proposed mechanism is adsorption. since it is an

exothermic process.

Fig.(8): The effect of temperature on th€ sorption
percentage for 40 ppm

Fig.(9) show that the sorption percentage alnost
increases as the time increase to 20 min. at different
temperature.

Fis.(9): Effect of time on

Fig.(10) shows the variation of sorption percentage with
different initial concentrations ofthe dyc.
The data shows the high efhciency of TiO2 to adsorped

dye at the temperature range (288-293 K). When the

initial concenffation of dye increase, dye molecules are

concentration
on sorDtion D€rcen

The thermodynamic function AH AG, and AS were
calculated using the following

adsorbed on to the surface of TiO2
then the e{fiency decreased('n.

b = a . exp CATVRT) .. ...
ln b = ln a - (AH/R).1/T..
ln a = AS/R
AG=AH-TAS...........
Where b is the maximum sorption
dye solutions on TiO2 and could
plot ofC"iQ" versus C. Fig.(s).
The equation (7) was used to
plotting of ln b versus l/T.
Tablc (6), Fig.(1 l), showed a

slope represents -AII/& R is the
t.morrl. And the values of
calculated.

Table (6): The values ofthe recip
and ln b

T(K) I b
Tx l0 l

288 3.4'1 3.32
289 3.46 3.40
29t 3.43 3.86
293 3.41 3.91

maximum value

............(6)
....... ....(7)

.... (8)
...........(e)
uantity for 50 ppm
obtained ftom the

the aH, by

relationship and the

constant (8.314 JK
of sorption were

cal of temperature

lnb

l.l9
t.22
1.35
1.36

Fig.(l l): The plot of ln b vs the reciprocal of

endothermic process

ofthe AH at 288,289,291,ard293 which indicate the
process is almost absorption process

Table (7) shows that all values of were negatrve, so

the sorption of dyes on the
considered a spontaneous process(

$co

t
d
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1.25

3. 3al at(l 3.,a:l s.t!t
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Fig.(l0): Effect of initial of

Tablc (7) shows the positive values

sG.
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of TiO2 was
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Table (7): The thermodynamic function values for the
dye sorption process at different temperatures

T (K) AH AG AI;
(J.mot-r) (J.mol r) (J.mot t.Kr;

288 +25.58 -966.86 +:i.446
289 +5.962 -975.12 +!r.1906
291 +17.73 -985.05 +:i.446
293 +26.57 -999.8 +:i.503

The equation (8) has been used to calcrrlate the entropy
(AS), which is an important factor in the sorption
process, and table (7) shows positive val res of AS. which
indicate to the disorder of the system.
The kinetic of sorption process was studied via
introducing three models, there after cnlculate the rate
constant and the energy of activation of sorption process.
A- Lagergren Model
The rate constant kro* was detem ined from the
following pseudo-l't order rate expression, which could
be expressed as follows:
ln (qrq,) = ln g.- ko* t ...........................(10)
Where qt and % are the amount sorbed at time t/min. and
at equilibrium time successively, and k** /min-l is the
rate constant, all values are given.
The liner relationship was obtained via ln (q"-q1) versus t
/min., and as shown in Fig.(12).
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Table (E): The rate constrnts of adsorption proc€ss at
different temperature

c" k d (mitr.'t)
28rK 289K 29tK 293K

10 0.0414 0.1428 0.0666 0.4132
20 0.265 0.296 0.203 0.157
30 0.689 0.655 0.355 0.0035
40 0.386 0.681 0.287 0.026
50 0.438 0.706 0.409 0.552

B- Morris-Weber Mode re)

This kinetic model was introduced by Morris and Weber
(Swedish Scientists)) in t963, and by using this kinetic
model, the rate limiting step of any physi-sorption
process could be easily estimated, and they have
presented an €quation which could be expressed as
follows:

q' = ko',/t ....(l l)
Where q1 is the quantity of the sorbed material at any
time (mg/g). k6 is the di{frrsion constant, and t is the time

of diffusion (min). The plotting of q, u"r.,.. ,,,/t *^
accomplished at 289, and 293K and as shown below in
Fig.(13).

Fig.(13): Th€ ptot ofql vs. trz at 289K and

The slop represents the kj value, which was considerably
greater at 289 K than at 293 K, and this was attributed to
the following reasons:
l-Birlliant blue dye adsorbed on TiO2 fiom the solution.
2-A strong binding between the adsorbate and adsorbent.
3-The value ofh at 289 K was 1.269, and at 293K was
1 .291 .

C- Reichenbery Model(2o)

This kinetic model was proposed to discuss the behaviors
of many sorption processes in solufion and Reichenbery
has introduced the following
F : [-611t1] e-Bi

B, = -0.4977 - ln(l-F) .......
F:q,/q"
wh€re: F, Bi ar€ mathematic

formuS:
(12)

Plotting of time (min.) versus
relationship with relatively
shown in Fig.(14).

ble R2 value and as

d the rate

for the dye molecules in the bulk
a diffusion process

ution and absorption
occurred.

Fig.(14): The v&riation of

The activation energy of the

............(13)

...........(14)
rs

revealed a linear

with time at

on process was

..( I 5)
equations and

ls a temperature
study range (288-

s

calculated via inhoducing Arrhenius equation as shown:
ln k**: lnA- E"/RT .........
where k,o,, are calculated from
A is Arrhenius parameter, whi
independent factor in th€
293) K.
E" is the activation energy (kJ.mo
constant (8.314 J.KI.mol-t), and T

) and R is the gas
the temperature in

Kelvin.
Ploning of ln k*a against the reciprocal oftemperature in
K-r yield Fig.(15), and as shown be

Fig.(15): The plot of ln k-.p . reciprocal of
temperature

This Fig.(15), reveals a linear relatio4ship between the ln
k** and the reciprocal of temper{ture and thereafter
from the slope. the value of E" was optaincd. which has a

tery imporlant role in estimating {re dynamic of the
sorption process, and it represents the energy barrier for a

30
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E
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process to occur, the activation energ) of the sorption
process was equal to 39.01 I kJ.mol
Conclusions
Birlliant blue dye shows a good ability to adsorption on
TiO2 surface. This is due to its dye aromatic structure,
and due to the existence of alkyl gr,rup (with drive
electrons) on the dye aromatic rings. Tte second reason
of a good ability of dye adsorption is due to its high
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fJ-rjl+ill fJ."sJl sjtj: rJe (birllant Blue) dl &+.a r.rl,.a:elr il
'O3.'tt .lp r.... u+ r.5 rr*.lt elt- r;e rj'li

.jL"Jt,)h4trh,)
Litrt . r/ua . LrAl

.\l 'tlr' I-, ,ljJlJsll i?JlJn-yl i-l-r: cel .aF" l.:nl" I +Jl $jl,:i ojo Birlliant blue J i-i.* iJl
::i-,i+l 6Cl i-.Dl ,,r+rll .)+I L-- i:rl: 4ri<r (288-3 I 8)K .-lJaI + (,JIJJ (,J .rre .nt lrFl L!,nr

iJil ij.lirrll J.rnl L.iyl .-.U!. !16 al\ilI e.a+-ll o- o/o95.54 illjl # fF"lrnll +1.r1 sjljC+.(
a" (ju-yl -t J#Jll);JlJ,,ll .JL>JJ.:,IJJL* sla JJ"-J r: iJ'rh: 'r,'j.:rEJl r-J jlj!.yl olrl.c al

.(l- 0.9993) &-i ].l+ryr &1-- |n" J Freundlichr

611 = i5,'.j..1:3r;i pqJ pj,B.nll ,r.-.rl #B el-ll? i:=ll lLnJl ;Ji J s-y; 9:ll3 S -i * cl(,i iir-!
AS: +(3.4s-9.1906)J AG: -(

Morris-Weber ) ,(Legergren equation) :iJs.,7,. .:.y$- eDE c!,icl 
a-1l,i" 

Enll +-SJl $,ti e.L- .,lg

.(d-L-:-lr jlji-l) 
"^ 

!t ':t J-- Olr 1-o ..I i,"- ll u-t^-:.l i]L' dJ-,-n Jj.Yl

109

irr,l-2r

1-l) , uL.lt 4E , ,U.!g 
",r', ttu +ts , .b4l I

o.l'Lll
.{-lrl t "..br. a*.;lj

J$Jl ,/ i+Jr
320) nm Lr.lll ic

:a, $i ::J. I ;S;,r

crujln" ,e.l L.:cJi

Jsl I .rsrlr d\., i:l

+(s.962-26.57)t

jljt )l lsJ,rll 1-lJrll

model) (model

..j Jr >; ;i)-:r "..


