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ABSTRACT

The adsorption of anionic - sodium dodecylbenzenesulforate
(NaDBS), cationic ~ cetyl trimethyl ammonium bromide
(CTAB) and nonionic - Trton X-100 (TX-100) surfactants
under different conditions on cellulose-water interface are
investigated.

he adsorption isotherms in general, show four different
rugimes for the threo types of surfactan, such as anionic,
cationic and nonionic with some differences. Two important
phenomena reflected in the adsorption isotherms are the
steep enhancement in the extent of adsorption due to
Bemisicalzation bl th i il conoertion
(ome) o reduction in the

extent of adsorption above
ho NG, The dsrption isothem for NaDB shows @
maximum af CGMC and beyond shows a decrease in
the extent of adsorption. o /m TX-100 and CTAB,
hemimicellization occurs with stecp enhancement bel
CMCand the adorpion sthern. s off without showing
@ maximum. Adsorption of anionic sutfactant, NaDBS gets
enhanced in prosence of monovalent (K or bivalont (C**)
cation while for nonionic surfactant, TX-100 there is no such
enhancement in adsorption in presence of salt. An analysis
of adsorption data indicates approximately 25% of the sites
are hydrophobic in nature and the rost 75%
hydrophilic in naturo and negatively charged.

of sites are

The detergency experiments are conducted to corelate
the adsorption of surfactant on cellulose water inferface to
the removal of particulate and composite soil (particulate
and oily) from coton. Two different soiled cotton,
and WFK-10D show the maximum in defergency similar to
maximum in adsorption sotherm. Adsorption of NaDBS on
collulose surface is enhanced with increasing ionic strength,
but the effect of fonic strength in particulate soil detergency

tormace

adsorption isothorm, sodium dodocylbonzonosulfonate,
TX-100, adsorption kinetics, cellulose, detergency.

INTRODUCTION AND BACKGROUND
'RATURE.
Surfactant adsorption s a procoss of transfer of surfactant
molecules from bulk solution phaso to a interface. Studios of
adsorption of surfactant at the solid-liquid interface find
practical applications in many areas such as detergency.
floatation of aro, oil rocovory and making of disporsions such
as paints and pigments. Surfactant adsorption at. the
hydrophilic surfaces such as collulose-water intorface is of
special interest in dotergoncy and textilo processing. In
partcla, he adorption i n portantop for s of
particulatos and oily soils in dotorgoncy. This work is
Concomne with  atudy of sdsorpion o sufactants on the
cellulosic surface and its application in detergency.

Equilibrium adsorption of surfactant (adsorp

In general, a typical isotherm of surfactant on  solid
surface can be subdivided into four regions (Somasundaran
and Fuorstonau, 1066; Scamehom ot al, 1982a, 1082b; Gao ol

al, 1987; Wang and Kuak, 1099; Koopal ot l, 1095; Harwoll
and Scamchorn, 1993; Harwall ot al. 1985; Lopata ol cl.
1988; Chander et al,, 1983). In region I adsorption obeys
Honey's law, that is, adsorption incroases lincarly with,
concentration. Region
adsorption, whill rogion Il shows a slower rato of increase in
adsorption than rogion 11, Region IV is the plateau rogion
above the CMC (Somasundaran and Fuorstonau, 1
Scamohorn ot al., 1982a, 1982b; Wang and Kwak, 1999;
Koopal ot al., 1995; Harwell and Scamehorn, 1095; Harswell o
al., 1988; Lopata et el 1988). However, depending upon
soveral factors rogion IV may show a maximum (Fava and
Eyring, 1956; Moador and Frios, 1052; Pagac ot al, 1998; Gion
etal., 1961; Biswas and Chattoraj, 1997; Sexsmith and White,
19594, 1939b; Vold and Sivaramakrishnan, 1958; Furst et al,
1006 Trogus et al, 1078; Arnobrant o al., 1089; Evans, 1958).
‘The explanations for the nature of adsorption curve in the
first throe regimes are well accepted. The sudden rise in

1l shows a sudden incroase in




of the surfactant molacules on the solid surface. Theso surface
aggregates wn as “hemimicelles (Gaudin and
Ferstenau, 1955); which form beyond a eritical concentration.
below the GMC, and is known as critical hemimicollar
M) Homimicolation was fiot
hypothesized (for the adsorption of dodecylammonium ions

concentration

(Somasundaran ot al., 1964; Somasundaran and Fuerstonan,
1966 Gao ot a., 1967; Gu ot al., 1968). Mano ot al. (1994) have
reported the first direct AFM imaging of “hemimicells’ on
graphite surface using cationic surfactant (CTAB). In region
L there aceurs a slowdown of surface and

s wall as carbonaceous materials such as soot and carbon
black, and inorganic oxide such s iron oxide. The removal
mechanism also may differ depending on the type of soil
Anfonic surfactants gonerally increase particulate soil
romoval. Removal of particulate soil in aqueous medium
occurs by the formation of electrical doublo layers of similar
sign on the substrate and particle with a resulting mutual
ropulsion, which reducos the not adhesion of soil (Rosen,
78). Adsorption of surfactant and ino
substrate/liquid and particlo/liquid interface causes
decrease in the work required to remove the particle from the.
be

rganic fons at the

hence there is & reduction in slopa of isothera.
‘The adsorption mechanism in region IV is not well
pndestand. el he adsorpion s expced 1o s
inchangod boyond the the concentration of
omame doey o st by
that form do not adsorb on the surface (Brinck et al., 1998).
he abservation of a maximum in region IV has drawn
attention of somo rosearchers and attempts have boon mado
to explain this occurre
impurities in the surfactant sample have been attributed to
the occurrence of this maximum. These would be adsorbed
el o GG bt o b sz i he micols
above tho CMC (Pagac ot al., 1998; Farst ot al.,
et ol 1978). In some cases as reported in e o,
ol stan pusfcaton s o o dereass e
amplitude of the adsorption maximum but could not
um.pm.uy Climinte 1 (mebrant o L. 1969 T an
another explanation, it is stated that, ionic strength of the
solution reduces the electrical repulsion between adsorbed
fons and the repulsive interaction bocomes loss than the van
der Waals attraction betwoen the paraffin chains, leading to
of surface micelles. Desorption of both simple

and the micollos

sence of trace surface-active

the form:

‘monomer fons and surface micelle occurs on collision of
micelles in solution with tho adsorbing surface and thus
decroasing the amount of adsorption an the surface (Vold
and Sivaramakrishnan, 1058). The obsorvation of a
‘maximum in case of otion surface has been atiributed to the
prosence of wax, which gots solubilized beyond GVG (Ginn.
otal., 1961). Thero sooms to bo a lack of cloar understanding
of the adsorption of surfactants on the solid surfaco beyond
the CMC (region IV),
“The offect of clectrolyte on the adsorption of surfactant
i I

substrate. Th quantified using DLVO
thery for forces betweon double layers. Thera are some
studies rolatod 1o zota potential and particulato soil removal
(Yoneyama and Ogino, 1982; Batra et al., 2001). The
dutergoncy of ily soils involves soveral mochanisms, but in
goneral, oily soils are removed by () rolling up and (i)
solubilization mechanism (Kissa, 1987).

detergency can provide useful information
bt th detersiv pocans bt sadied (Bacon and St
s Scht, 107 47 Ko, 1075 57,1075 Vgt
al, 1941). T complicated by the
)letemgeneuy o tho sl hapo. iz, chomica comportion
and location of soil. Most of the roported results of kinetics
of partculato soil romoval follow first order kinetics (Bacon
and Smith, 1948; Hart and Complon, 1952).

Kissa (1979) has studied the effect of soiling conditions
on_ particulate soil dotergency. The soil removal rato
docroases with incroasing soiling time and intensity of
‘mechanical action during soiling. The removal of soil also
increases with increasing mechanical action (Bacon and
Smith, 1948) and temporature (Morris and Prato (1982)
during laundering.

val of oily ases with incroasing
emperature and mechanial action (et 196 Adion
of electrolyte initially docreases the oily soil removal, but at
higher concentration of electralyte it is incroased. In this
respect, di jons are much more effective than the
univalent fons (Scott, 1963).
he adsorption of surfactants anto collulosic surfaco is a
complox. process. There is no roported study conducted
using all three types of surfactants under a wide range of
conditions. We have caried out a systematic and
comprbonsive sty of adscption of st unde o

is shown that presonce of an olectrolyte enhances the
adsorption of anionic surfactant onto a gas/liquid (Cross and
Jayson, 1094) or solid/liquid (Meader

Kaia ot al, 1998) interfaco. In caso of a oy

surfactant, such as the adsorption onto a
solid/liquid inteface containing O group (quartz, kaoline,
silica) changes in prosence of eloctrolyte, when it occurs by
mens of hydrogon bonding (Nevskia ot al., 1998; 1995)

Particulate and oily soil detergency
“Tho particulate soils are silicoous minorals, such as clays,

erall abjectivo of this study is
o gonerato ot iformtion and genoric. andorsandings
on the adsorption of surfactants onto cellulasic surface
under a wide rango of conditions such that practical
applications such as enhancement of detergency, in genoral

an svin the problom of difcall deterganey i el
can be altempted.

EXPERIMENTAL
Materials

Anionic surfactant, sodium  dodecylbenzenesulfonate
(NaDBS) was obtained from Fluka Chemicals. Nonionic
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surfac
oot o X300 o TR 0 o
from Sigma Chemicals. NaDBS and TX-100 were used as
roceivad, without any furthor purification. Cationic
tan, cotyl trimothy] ammonium bromid (CTAB) was
obtained from Ranbaxy Fine Chemicals Lid.,
recrystalized tice from an acetone: mothanol (3:1) mixture
bofore use (Desai and Dixt, 1996). Calcium chlorido dic
hydrato and chloroform woro obtained from E. Mork (India)
Lid. Potasiu chloide, sdivm sulfate and mothylene blue
were obta chom Lid, India. Adsorbent
Lead s Whatman40 sshlss o papr of 9 o i rom
Whatman Tnternational L., England. Tho BET mulipoint
surface area of this fiter paper (N2 adsorption) was 16.5
m/gm. Double distilled water of pH 5.6 and conductivity 1.2
1S (1 Mho) was usod for tho experiment

surl

Methods
Adsorption

The filter paper was washed thoroughly with doublo
distilled water to remove the dust and soluble fons from the
filter paper tll the ity of the washed wator became
oqual to that of the am.ma water, Then it was dried in over
for 1-1.5 hours at 50-55°C until the weight of the filter papor

became constant

Theconcanrtion of DB TX-100 e ot

by mesring 1t 223 nm wavelength using

v pnc!mphalumcm Shimadn, DY-100A mode)
Quats gas ol (Tllma) of 10 mm g g wors usc
A calibration plot (absorbance vs. concentration) was
obtained by mensuring absorbance of known concentration
suracant salution. o for determine. the. ankno
Cancentration. Tha consatratiens of CTAB, NaDBS and 808
were measured by two-phase ttration technique (Rosen and
Goldsmith, 1972; ASTM, 1959) by using methylene blue
indicator.

In tho adsorption study, surfactant solution was proparod
by diluting the concentrated stock solution. Amount of
adsorbent and the volume of solution were kept constant for

ch sot of experiments. For cach sot of experiments, 0.550
gm of filter paper was wsod alter cuting into small piecos of
Sizo 5-10 mm. A 10 ml surfactant solution was used for each
set of experiments. The system was stirred slowly at regular
el All the oxporants s done ot the room

)

tomperature (25 = the .dqu.‘m isothor,

ok Phase Conceiration (mgm)
H

@

Soid Phass Concentraton (mglgm)

o sene o o 4 o
Aot of sttt adsobed o alctted sceoxding .
(G- CIMY

Xs= —Togom @

where, X, is the solid phase conceniration of surfactant
(amount adsorbed) in gm/gm, G, and G, aro U
concentration ofsofctant i e o i il
rospectivoly. M is tho molocular woight ofsurfactant, V is the
volume of solution used, and m is the mass of fler paper
used.

36

Soid Phase Concensraton (mglgm)

©

peporsutace.



Detorgoncy
“Twotypes of artificially soiled cotton, terrace (soiled with
carbon black particulate) and WFK-10D (mixed oily and
particulate soil) wore used for the dotorgoncy experiments.
The WFK-10D contains kaolin + lampblack + black and
yollow iron oxide as particulate soil and wool fat oily soil
(schott, 1975, Bach swatch was cut into 8 x 8 cm small
pioces. A rofloctomoter (Gretagmacbeth, Model- 7000A) was
used to measure refloctance boforo and alter the dotergency
tosn, Reflectancswas ke 460 nm waelongh oxcluing
instrument was standardized using

ot s o plate. The swatches were mado four

fold and rofloctance was taken as the average of four placos
of oach swatch boforo and afler dotergoncy. Detergency
experiments were done in an Atlss Launder-Ometer. The

ball

g e
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i oach jar. Laundor-Ometor was run at 45 £..m and 26
40 minute For the detergency experiment, five swatches of
each sample were taken in the jar and then the swaiches
wore soaked for 30 minute in the surfactant solution, Afer
completing the lsundering for 40 minute each swatch was
rinsd for four times with frosh doionizod waer. The swatch
was then dried in a rotary drier and final reflectance was
moasurod. The chango in roflectance bofore and after

dotorgoncy, AR, was usod to moasuro.dotorgoncy. Th
dotorgency experiments wero conductod using the facilitios
in Unilever Research Laboratory, Bangalore, India.

RESULTS AND mscussmN
Kietisof i

dsorption ot o s dffsent sufctnts NADES,
X100 CTAD e stnded ot e irnt it
concontrations on the collulose-water interface to measuro
the equilibrium time. Figures-1 (), (b) and (c) graphically
prosent the Kinetics of adsorption of NaDBS, TX-100
GTAB respoctively. Following obsorvations can bo noted

adsorption followed by a clear leveling off 1o indicate
equilibrium, which nablamcd within ono hour. The amount

o theso tends e epected, Compuring wdorion
Kinetics between the surfactants, it is noted that both the
amount and rate of adsorption increase in the fol llnwmg
ordor NaDBS < TX-100 < CTAB. It has bean observed that the

agitation does not show any effect on the rate of adsorption
Kinetics indicating that the rate of diffusion and mass
transfor of surfactant moloculos s very fast and is not tho
rate-dotormn

ning stop in the adsorption.

Equilibrium adsorption (adsorption isotherm)
Figuros-2, 3 and 4 show the adsorption isotherm curves
for TX-100, NaDBS and CTAB rospoctivoly on the filtor papor
surface. Wo observe from theso figures that adsorption
isotherm can be divided into four regions for the three
surfactants, NaDBS, TX-100 and CTAB. Such adsorption

o ooy

Ceglit)

Acsorpton isotharm of X100 o fir paper srface.Th nsat

‘Sl Phase Concentaion, X, (malgm)

Acsortion isotherm of NaDBS on
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bohavior has boen reported oarlier and
Fuorstenau, 1956; Scamohorn o al, 1982, 1962b; Gao ot al.,
1967; Wang and Kwak, 1999; Koopal et al., 1995; Harwell
and Scamehorn, 1093; Harwell ot al., 1085; Lopata ot ol.,
1085 1083). In fusthor, it is observd from the
figures that oven though tho four-rogion adsorption scoms to.
oceur for the three cases, there are indeed some differonces.
For non-ianic TX-100, and cationic CTAB, the distinctness

ador ot al.

betwaen region I with that of ogion 1 i sharper as compared
to that for NaDBS. This indicates that the phenomenon
distinguishing region I is mor intense in case of non-fanic.
and cationic surfactants. I ogion I, the slope of X, vs. G,
plot is lowr for NaDBS as compared to that for the caso of
TX-100, indicating presence of some inhibiting factor for
fonic surfactants. One other significant difference is in the

region V. For NaDBS, the solid phase concentration, Xy,
sally decreases with concentration beyond the CMC,
resulting in & maximum at around CMC. The existence of
such a maximum is, however, not as definite in case of TX-
100 and GTAB although thero seems to bo some docrease in
the extent of adsorption.

In rogion I of low concentrations, as expected NaDBS,
TAB i X100 motectes s 1. o vt ol
Boyond a_ particular concentration, the adsorption s
suddenly enhanced as compared 1o that dus 1o molecular
adsorption. Such enhanced adsorption can be atiributed to
the cluster mode adsorption termed as hemimicellization,
initiated by somo adsorbed surfactant moloculos an the
surfaco (Gaudin and Fuerstenau, 1955).

Lovwor e
urtactants ar adsorbe 0. es oxtent on th salid urfco
han the higher chan surfactants. 1w assume o surfctant
olution of mituroof difforont chain longth,tho CMC of tho
mixed soution can b calcultod using mived micellar
heory (Holland and Rubingh, 1083,

.3

MGy

fome,

z

©

CMC,gy i the CMC of the mixed solution, ;s the activity
coefficient of surfactant i in the mixed micelle, equal to one
for ideal system, a, is the mole fraction of surfactant 1 in total
surfactan.
Above the CMC of the binary mixture (C; = CMCyy.)
nomer concentration of long chain in the bulk can be
written as (Holland and Rubingh, 1983),

1= y,OMC, )

Micellar molo fraction of long chain component can bo
written s,

(.-G

Ttaa

)

nating C from equation 5 we got the concentration
of monomer of long chain component above the mixed CMC
(Clint, 1975 Nishikido, 1993), )
“(Cr-8) + {(Cr- 4 + 4. Cra) F

occurred through hydrophobic interaction betwoen the.
eicant chai i il In adsad e, The
concentration beyond which enhancoment occurs is know,
Adsorption
oo of TX100 and GTAD show tt pomimicelie
concentration (HMC] is approximately 015 m}

respuctivl. Tor KaDIS, thee. sooms T bo o il\m‘p
difforenc betwoen rogions 1 & 11, and hence, HMC cannot be.
dotermined accurately. According to Ga ot al. (1987) the.
average hemimicellar aggrogation number n, is equal to the
fatio of the amount of adsorption at the two plateaus, T and
Ty of the adsorption isother.

emimicellization concentration, HMC.

r.
D= T @

For TX-100 and CTAB adsorpt
indicate the hemimicellar aggregation number o be 5

ogion sither the cluster mode adsorption due to surface
micellization (hemimicellization) stops or the rate decreases
significantly and adsorption proceeds more

el way, Aionic NADBS i dsonbed t slowes st than
X-100 and cationic CTAB.

In region IV, adsorption shows a maximum noar CMC and
there s a subsoquent decrease in the extent of adsorption.
lower

)

s
()
G+ Gy = CMCyg @)

e, & = ONC, ~ MG, G s the ot sactnt
concentration, y, is the mole fraction of hai
component . mixed micoll, The subscripts & nd §
roprosent long and short chain surfactant moloculos. Figuro-3
shows the plot of Cy vs. Gy, Cs for a binary mixture of
surfactants. With the increase in the C; above the mixed CMC
ihe mixture, monomer concentration of long chain
component decroases and that of short chain incroases
sesamin the sl bohav il As micales e mot
. and short chain surfactants are loss adsorbe, there
ill e docrosse i he mount of sdsorption. Theetore, wa
concludo that the existence of a may o

oot supply wil not,in this case, show

i s o consomton plot as this
‘minimun is generated by hydrophobic impurities which can
not self-assemble (.. does not form micelle on its own). In
addition, to produce a minimum, the impurty must be maro
jor component and bo solubilized
in the micelles of the major component. Thus, the absence of
minima is necessary but not a sufficient criterion of purity of

surface active than the m

(Elworthy and Mysels, 1966).
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Adsorption isotherms of TX-100 and SDS from their
mixture on the filter paper surfaco were carried out 1o tost
e s of Imlk mixed micelle ormation on adsorption at

Hliquid interface. In this caso, TX-100 and SDS have
o e s o b e ‘e compounds form micelles
individually. No surface tension minimun is observed in the
SDS-TX-100 mixed surfactant systom. Figuros-6 (s) and (b)
show the adsorption isotherm of TX-100 and NaDBS from
their 80:20 and 70:30 mixtures respectively: In both the
cases, TX-100 fsotherms show maximum in adsorption
nearer 1o concentration of mixad CMC and SDS isotherms

show increasing amount adsorbod above the mixed CMC of
the solution.

To detect the prosence of short chain surfactant
moleculos, wo have conducted high performance liquid
chrematogaphic HPLC) massremntsof NaDBS solution

ot oo, Thochntogph s st

One can obsarva from this figur:

many peaks. which lenly ndicato the prosonce of
rfatan moleculo of different chain lengthe. Retotion
times aro supposed to bo associated with chain length of the.
surfactant molscules. Basod on the retention time vs. percont
aren data, we have taken the percentage of surfactant

in r.gm,

‘molecules having short chain lengths as 2

Figus 7 HPLC chromatograph of NSDBS 3105 il concataton.

Furthormore, HPLC measurements were conducted using
solutions boforo and aher tho adsorption. Using tho data,
percentago adsorption for short chain and long chain
surfactants were calculated, Table-1 prosents these values at
four different concentrations. I is observed from Tablo-1 that
short chain surfactants are adsorbad to less extont than the
Iong chain surfactants. The first two lower values aro bolow.
CMC while the rest are above CMC. Based on the above
cxpcnn\cnml measuroments, wo can conclude that the
saso in the extont of adsorption beyond CMC s due to
e presenco of shot chan surfcants
Table 1: Prcentage of shart and long chain surtactants
isorbed, calculated from HPLC anaysis.

NaDBS Parcentage of short | Percentage of long
concentration (mM) | - chain surfactant | - chain surfactant
asorbec adsorbed

Figus & Adsorpon sofharm of () SDS and

05 [EN Ta9e
0 579 1316
30 261 508
50 136 325

Influence of salt in equilibrium adsorption
e shows 1 adsopton etherm of NaDBS in
prosence of KCI and CaCl,. This range of Ca** ion was
piation of NaDBS. From Figuro-b

we can observe thal there accurs a significant increaso in
adsorption in the presence of even a small amount of Ca**
fons. Further, it is observed thal the extent of increase is

Flotod 1o svsd th pr

higher for higher amount of Ca*+ ions prosent. The extont of
adsorption at the maximum is incroased by 167 % and 316
% for NaDBS in £1:0.125 and

185 T o T2 it ot e e Arow
s tho GHC of sractant n e mixre.

1:0.185 rospoctively. In addition, the extent of enhancement

3



s found 1o bo higher al lower surfactant conconteation.

Interostingly, the naturo of curvos, particularly the existonco

of maximum remains intact in the presence of Ga** ions,

although there is ashift of the location of the peak to a lower
tration of surfact

tat higher Ca

Following explanations can bo offeed for this abservation
in presence of Ca**. In presence of Ca** ions, the negative
chargo of cellulosic surface gots neutralized partally and as a
rosult, anionic surfactant adsorption gets enhanced. Another
reasan is negatively charged head group of the surfuctant
s s shicded by the Gat* fons. n addon, he
compressed aloctric_ double layer at the cellulosic surfaco
shields the chargs. Consequent to this chargo shielding, the

‘Sl Phass Concentration, X, (malam)
2

ot exprence any iniiton g out of lcicl
repulsion. Honcs the oxtont af adsorption incresse
regards to tho shift

i of the peak, the peak appears at b
M, which decronses in presence of CaCl
“The effect of KCI on the adsorption isotherm of NaDBS s
o prscatd i g, AL lowe: cononrtion of K1
(NADBS: KCI = 1:0.364) thero is a nogligiblo enhancoment in
the extont of adsorption, howover, the extent of adsorption is
enhanced at highes concemtton o KGI (NaDB. KO
1:11.64), and at constant KC concentration (20mM and 100
mM KCl). Enhancoment at KCI concentration of NaDBS: KCI
= 1:11.64 matches with the isotherm for the presence of CaCl,
at a concentration, which is 93 times less (NaDBS: C:
0.125). Such obseration qualitatively agroes with Schulze.
Hardy rulo, which statos tho importan

 the offectiveness

of valency of the counter fon in shiolding the charge. The
toward:

s due to lowering of GMC when fonic strength is constant.

Sl Phase Concentration, X, (malgm)

Liuid Phase Concentaton,Cyq (M)

Figure 8- Adearpton lcther of NaDBS n prssencs of KO1 snd CaCl an
s paper surtce

Figure-9 presents the plot on adsorption of TX-100 in
presence of KCl and CaCL,. The figure shows that there is no.
significant chango in the adsorption isatherms as compared
o those without the presence of eloctrolyte. Note, TX-100 is
non-ionic. surfactant and henco is not influenced by the
electrostatic offects. The enhancement in the case of NaDBS,
as soon is primarily an. and it is absent in

(Y
Figure s Adsorpon eater of X100 1 resence f CaCl nd K o
e paer sutace.
case of TX-100 adsorption. Fusthermore, we can concluda
that, adsorption of TX-100 does ot occur due to hydrogon
bonding with OH group on the cellulosic surface. I tho
adsorption was by hydrogen bonding, then, in presence of
K* o Ca*, the extent of adsorption of TX-100 should
s st oo oK or
sroup of collulose (Nevskaia ot al., 1998; 1995).
Admrpum\ of TX-100 molecules appears to accur primarily
v the interactions betwoen the hydrophabic site and the
drophobic sroupof the 1100

it ion with freo

Calculation of polar and non-polar sites on the cellulosic
the adsorption data

From tho adsorption isotherms we have calculated the

aren occupied [

(nm) by different surfactant molecules on the
filler paper surface. The values are calculated using the
equation

Mx S x 107

P Ty

)

where, M s the molecular woight of the surfactant, Sy
is th BET surface area of the filter paper in m/gm, T is the
amount of surfactant adsorbed in my/gm, a.., is mean area
occupied per molecule in nm? and Ny is the Avogadro's
number. Based on the abservations prosented carlior, wo
expect the filtor paper surface to consist both nogatively

Table 2 : Avea occupled by one molecule o sufactant and

‘methyiene blue on filte paper surface.
Wolecule Area occupied per

molecule (ameimolecule)
NaDBS 200
X100 92
NaDBS + Car 1:0.182) 53
NADBS + Car' + K- (10182 1164 51
NaDBS + KO (100mM) 60
cme a4
Wethyeno Blue 75

0
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por am ofiterpaper.

charged st ax wall as ol ydrphobic s
d

s have boen conducted to determine the arca

occupt de surfactant molecules and are presented in Table-
2. Table-2 shows ths

agrooment may indicate that NaDBS and TX-100 aro mainly
that s, on the

the filter paper.
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Figue 11 St ofclliosa (Doréo, 1950,

In order to prove the presence of the negatively charged
sitos, wo havo conducted the adsorption of a cationic dyo,
‘methyleno blue. The molocules carry positive charge and
ence s expected (0 adorhan 1o the gty chaged
st P10 prsents h drpion b Wocers

from this gure that ke the o e adsortion

Roforring back to Tablo-2, wo noto that, the area occupiod
by a molecule for anionic surfactant in prosence of
electrolytes, and the area occupied by a cationic surfactant,
CTAB aro noarly oqual to 5 nm?. The area occupied by
moloculo of mothylone bluo 7.5 nnr, is highor than that for
surfactants in prosence of electrolyte and for CTAB. Let us
assume that, NaDBS and TX-100 molecules adsorb onto
bydnphobic s ol ad mathylans b molculesante
nogatively charged site only and Nal
eloctrolyto and CTAB adsorb onto oo l\)dwvhohlc and
negatively charged site. Let us further assume that f is
fraction of area accupied by the hydrophabie sites. The area
occupied by ono moleculs as caloulated assuming that
adsorption occurs on the entire area is, ., =

occupied by one molecule, as calculated assuming that
adsorption occurs on 1 consisting of hydraphobic
sitos only is. 6,45 = 20 nme. The number of molacules
st n it n e of sdgrton on croictic
sites is 75, which s also equal to . the fraction
o e occupied by ol stas is sl
When  adsorption oc the aren containing
negatively charged sites, it car nsl]v shown that tho aron
orupied hyamulecl\lz b = This value
a7 el with tho cleulation 7.5 s shown

prosence of

- Tiblos. Honcn i e b concluded tht he il paper
surfico consists of approximately 25 % hydrophobic sites

and 75 % negatively charged sites.

Detergency

Detergency is a complex process due to the interplay of a
large mumber of parameters relating the nature of textile the.

naturo of soil, and jonents present in the

. St ogton s cond gt
step in the process of detergency. Therefore in this study we
have made some attemps 1o determine the. depn\denc) of
dotergency on surfactant adsorption

o
2 Langmu e of isothrn. This i expected 2 both
eminoelization nd. micelzarions aro avion . such
o, Th posabiity of hydrophitc snd hydhophobic s
an bo seen from the structuro of cellulose moleculo also. The
gty e bydophlc s on o cellloss s
is mainly duo to presence of hydroxyl groups and the
hydrophabic sites is due to the carbon atoms in the cellulose
structure. The structuro of collulose is shown in Figure-11
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Influence of surfactant adsorption in detergency

“The adsorption isotherm of NaDBS shows a maximum at
the CMC and beyond the CMC it shows decrease in extent of
adsorption. Detergency exporiment was carried out with
NaDBS 1o find the correlation with adsorption. Figuro-12

two different types of soiled cotton, terrace and WFK-10D.
Figuro-12 also prosents the adsorption isothorms of NaDBS
onto filtr_papes with and without Na

CO,.. Adsorbent

Figure-12 that the detergoncy, in gonoral, increasos with
s in adsorption of surfactants. Itorostingly, wo furthor
observe from the Figure-12 that in both the cases of soiled
cottons the maximum in detergency occur virually at the
same concentration at which the maximum in adsorption
occur. It can bo noted horo that, in ganeral, a maxi
detengency may ocour, in a binary mixtures of surfactants of
difforent CMC. The commercial detergents in general, contain
mixture of different surfactants to improve the efficiency of
the detergont. Improvemont in delorgoncy may sosult from
the enhancement in adsorption. It should be further noted
that maximum adsorption occurs af

optimum concentration of surfactant in dotergont mixturo,
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Figue 13- (0 Efotof i srenihin detogency of NaDBS, trscs coton.
{0)Eflct o lni srngih n detrgency of NaDBS, WPK100 coton.
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Influenco of electrolyte in dotorgoncy

‘Adsorption isotherm of NaDBS in prosence of KCl shows
the extent of adsorption of NaDBS enhanced 275% in
prosence of 100 mM KCl. The reason for enhancement i the
negative charge of the surfactant molecules is shiclded by
the Na® ions. In addition, the compressed electric double
Iayer at the cellulosic surface results in shielding the charge
on the surface. Consequent 1o this charge shiclding, th

n ol

pton of surfctant molecules onto colllosic surfaco

‘any inhibition arising out of electrical
oo, 1 s expocte that dotesency may be cnhancod
in prosence of eloctrolyte. Figures-13 (a) & (b) show the
dotorgoncy of torraco and WFK-10D cotion with and
without the presence of 100 mM KCI respectively at pH 10
1. The pH was maintained by adding 9.5 mM Na,CO,.
Figure-13 presents an interesting observation. From tho
figares wo observe that the dstergency of terrace cottan
docreases in prosence of KCI. The dotergency, howover,
increases. for WFK-10D catton. The explanation for the
observed docrease in detergency in terraco cotton can bo
attributed to the docrease of electrical doublo layer forco
that inhibits soil removal. The addition of an eloctrolyto
causes a docrease of the repulsive force betwoen the soil and
substrato, and s a result removal of particulate soil
bocomes difficult, although adsorption
enhanced on both the soil and fabric surface. Furthermore,
it is roported that deposition of particle, suspended
‘moving phase, on to a surface increases dramatically with
fonic. strongth (Marshall and Kitchoner, 1966; Hull and
Kitchner, 1969; Clint et al., 1973) and the removal of
particle decreases (Sharma et al., 1992), resulting in
decrease in dotergoncy.

Detorgency with WFK-10D cotton is found to increase
with ncesing dlectlte concntrtion: P
composite soil such as W not only electrical double
layer but also surfactant admrplmn plays an important
In the composite soil, particulate is hydrophobic in naturo
and contains oil. Henco, for the rom

of surfactant is

ool of comporits ol
enhancement of surfactant adsorption plays an importar
ol i woting of fher and. 3ol sading enhancomont in
detorgency.

CCONCLUSIONS

Follawing conclusions emerge from this wark.

1. Bquilibrium adsorption isotherms of NaDBS, CTAB and
TX-100 show a typical fourregion isotherm. The
presence of maximum in region IV can be atiributed to
the prosence of shorter chain surfactant molecules. CTAB
and TX-100 mimicello. formation
whilo NaDBS molecules do not form hemimicellos.
Adsorption of catianic molecules, CTAB and methylene
blue is strong, indicating that the charged sites on filter
paper surfaco is nogative and they dominate over the
smaller number of hydrophobic sites. Estimation shows
that approximately 25 % sites are hydrophobic in nature
and the rest 75 % sites aro nogatively charged sites

moloculos shov homi




nated area por molaculo on the filter paper surfaco
o the isorption isotherm data  indicatethat
methlens b o o dnsly on h nionic
sitos of filter papor. moloculos do so only in
presence of Ca*+ and K*. NADBS 1 T 100 oo
adsorb on the hydrophabic sites and CTAB molecules
adsorb on both hydrophilic and hydrophobic sites.

s and WEK-10D soilssho s detergancy
with NaDBS at alkaline pH nearer to CMC. This

maximum in dotergency is very similar o maximum in
adsorption on cellulose-water interface due to presence
of short chain surfactant impurity.
“Tho effects of eloctrolyte aro diffes

for the two typos of
soil. It advrsoly affocts the detergency of torrace colton,
while it promotes the detergency of WFK-10D.
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