
The Adsorption of 

Films on Graphon 

Calcium Ions to Surfactant 

A. C. ZETTLEMOYER, J. D. SKEWIS, and J. J. CH ESSICK, Surface Chemistry Laboratory, 
Win. H. Chandler Chemistry Laboratory, Lehigh University, Bethlehem, Pa. 

Abstract  
Previously,  the adsorption mechanisms of so- 

dium dodecyl sulfate (NaDS)  and of sodium do- 
decylbenzene sulfonate (NaDBS)  onto Graphon 
(a high area, graphit ized carbon black) had been 
determined. Calorimetric heats of adsorption of 
the surfactants  were also measured using a pros- 
tie calorimeter designed to avoid contamination 
by  calcium ions. This work has now been ex- 
tended to learn the effects of calcium on the 
Graphon/solut ion  interface. 

Radiocalcium adsorption measurements  showed 
that  the adsorbed NaDS takes up l imiting amounts 
of one calcium for  two DS ions and the chains 
extend direct ly f rom the surface in close-packed 
array.  ( In  the absence of calcium, the NaDS takes 
up one of two ar rangements  with two different 
lengths of the hydrocarbon chain lying on the 
Graphon surface) .  Several lines of evidence in- 
dicate that  the calcium is t ight ly  bound at the 
interface. Above the cmc, the micelles compete 
for the calcium ions. For  NaDBS, the arrange-  
ment on the Graphon is not altered by the cal- 
cium but  other results are similar. 

Trace amom/ts  of calcium strongly enhance the 
flocculation of the Graphon. This finding sug- 
gested that  deposition of the surfactant-coated 
Graphon  onto cotton should be followed as a 
function of added calcium. I t  was found that  
traces of calcium great ly  increased the deposition 
apparen t ly  by bridging sur fae tan t  on the Graphon 
to surfae tant  on the cotton. 

In t roduct ion  

I T BECAME apparen t  several years ago in this labora- 
tory  that  Graphon, a graphit ized carbon black of 

high area (ca. 100 me/g) ,  was a boon to the s tudy of 
surface active agents. The heat of immersion of this 
powder is quite low into water  (1),  so that  the heat 
evolved is considerably augmented by  the adsorption 
of surface active agents f rom aqueous solutions. The 
Graphon surface is ahnost entirely homogeneous, thus 
providing adsorption sites of eqnal low energy. Fur -  
thermore,  each surface active agent  evolves a char- 
acteristic amount  of heat  upon adsorption at the 
Graphon /wa te r  interface (2). That  is to say, the 
wet t ing tendency of surface active agents can be 
ra ted by measur ing the heat of immersion of Graphon 
into their  solutions. Measurements were made for a 
number  of different compounds to explore the ut i l i ty 
of the method and a detailed s tudy was made of the 
adsorpt ion characteristics and heats of adsorption of 
sodium dodecyl sulfate, NaDS, and sodium dodeeyl 
benzene sulfonate, NaDBS (2,3). 

A plastic calorimeter, employing two thermistors  
in a Wheats tone bridge as t empera tu re  sensing ele- 
ments, was designed and constructed to work with 
surface active agents. All plastic par t s  were required 
to avoid traces of alkaline earth ions which were 
found to effect drast ical ly both the adsorption char- 

acteristics and the heats evolved. In  addition, a 
higher sensitivity was required than was available in 
the simplified heat of immersion calorimeters than  in 
use here (2). As was expected, the final s teady state 
was reached slowly because of the plastic construe- 
tion, but  adsorption is also a slow process. The larg- 
est amount  of heat evolved by surface active agents 
so fa r  was that  produced by sodimn laury l  sulfate 
(when slightly impure)  for which the value is as high 
as 140 ergs per cm 2 of Graphon surface. Graphon 
into pure  water  evolves only about 30 ergs/cnl'-'. Ta- 
ble I lists the values obtained on a number  of anionies 
and nonionies; cationics are only now being explored. 

For  NaDS, two characterist ic heat values were un- 
covered, the one for  low packing on the surface ob- 
tained at low concentrations and the other for high 
packing obtained at high concentrations or with added 
sodium chloride. On the basis of the adsorbed NaDS 
ra ther  than on the basis of uni t  area of adsorbent the 
values were 9.5 and 7.6 keal/mole, respectively. At  
low concentrations, appa ren t ly  more of the hydrocar-  
bon chain was interact ing with the Graphon surface 
and less repulsion energy was contributed by the head 
groups. This conclusion was in accord with the ad- 
sorption isotherm studies which followed both the 
anions and counterions. 

The wett ing process is certainly one of the impor- 
tan t  steps in detergency and the Graphon may  be 
regarded as a "mode l  d i r t , "  one of low energy and 
hydrophobic.  Therefore,  these heats of immersion 
allow this vi tal  step to be measured quanti tat ively.  
I t  became of interest, also, to add trace amounts  of 
calcium to the solutions of NaDS and learn its effect 
on the adsorption isotherms and on the Graphon sols. 

The purposes of this paper  are to present  the effects 
of the Ca ++ on the adsorption characteristics of NaDS. 
The adsorption of NaDBS on Graphon was also nmni- 
tored in the presence of added Ca++; the behavior of 
this system was the simpler of the two. Radiocalcium 
was employed to follow the calcium adsorption. In  
addition, the effects of the calcium on the deposition 
of Graphon onto cotton were examined. 

T A B L E  I 

H e a t s  of I m m e r s i o n  of G r a p h o n  in 0.5e]~: Aqueous  
Solut ions of S u r f a c t a n t s  

S u r f a c t a n t  

W a t e r  ......................................................... 
Sod ium laury l  su l fa te  a ............................... 
P u r i f i e d  sod ium dodecylbenzene 

su l fona te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sod ium dodecylbenzene su l fonate  
( S a n t o m e r s e - 3 )  b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Monobutyl  b iphenyl  sod ium mono- 
su l fonate  ( A r e s k a p - 1 0 0 )  b . . . . . . . . . . . . . . . . . . . . . .  

3s phenytphenol  sod ium 
monosu l fona te  ( A r e s k a p - 1 0 0 )  b i 

Sod ium decylbenzene su l fonate  i 
( S a n t o m e r s e - D )  b ................................... 

Su lpha te  es ter  of an  a]kyl phenoxy  poly- 
oxyethylene e thanol  (Al ipal  CO-436)%. .  

Polyoxyethyla ted  nonyl  phenols  ~ I 
I g e p a l  C 0 - 6 5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I g e p a l  CO-850 ........................................ ' 
I g e p a l  CO-530 ........................................ 

Approx .  
p u r i t y  

100 

100 

99 

90 

99 
99 
99 

H e a t  of I 
i m m e r s i o n  ! 

-h~(sc~ J 
ergs ' /cm~ I 

116, 20 

110 

73 

78 

51 

47 

68 

88 
6O 
4O 

Type  

Anionic  

Anionic  

Anionic  

Anionic  

Anionic  

Anionic  

Anionic  

Nonionl!, 
Nonionie  
Nonioni,~ 
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Experimental 
In  earlier repor ts  the techniques for determining 

the adsorption isotherms, following both the anions 
and the sodium counterions, were described (3) and 
the design of the plastic calorimeter was given in 
detail (2). These will not be repeated here. 

Wa te r  purification and storage required special 
precautions. I t  was finally distilled f rom an alkaline 
permanganate  solution through a block tin eondensor 
and collected in leached polyethylene bottles. The. spe- 
cific conductance as used was about 5 x 10 7 mhos/em. 

The adsorption measurements  were also conducted 
in leached polyethylene bottles. The leaching was ac- 
complished by washing with solutions of the surface 
active agents for two weeks followed by final r insing 
with distilled water. 

The radioactive calcium-45, listed as Ca-45-P3 was 
received f rom the Isotopes Division of the AEC in 
the fo rm of the chloride. I t s  specific activity was 
2530 millicuries per gram of calcium chloride. 

The Graphon, a graphit ized carbon black, was pro- 
duced by the Cabot Company (lot L-340) and had a 
ni trogen surface area of 95 me/g. 

The surface active agents were careful ly purified 
before use until they showed no minimum in the 
surface tension-concentration curve. The eme's  for 
the NaDS and the NaDBS were found to be 8.0 x 10 -a 
and 4.0 x 10 -a moles/li ter,  respeetively, in aceor(1 
with earlier published results (4). 

The adsorption of calcium ions (al~d of the sur- 
face active agent  anions and sodium ion) was fol- 
lowed by doping initial concentrations with small 
amounts of radioactive tracer. Evapora t ion  to dry- 
ness in planehets of known area and counting with a 
Geiger counter allowed both the initial and final 
concentration to be determined (3b).  

The Effects  of Calcium Ions on the Adsorption of 
NaDS to the Graphon/Solution Inter face  

The adsorption isotherm for NaDS from solutions 
in pure  water  onto Graphon possesses two plateaus 
indicative of two prefer red  packing ar rangements  
(3). In  the loose arrangement ,  more of the hydro- 
carbon chain lies on the surface of the Graphon than 
when packing is closer at high concentrations. The 
remainder  of the chains under  the influence of the 
sulfate groups extend into the solution where a Gouy- 
Stern electrical double layer of counterions complete 
the adsorbed film. 

F igure  1 i l lustrates the increased adsorption of 
NaDS at several initial concentrations caused by 
adding calcium chloride. At  the higher initial NaDS 
concentrations, there are sharp breaks in the curves 
showing sudden increases in NaDS adsorption. I t  is 
quite unlikely tha t  mul t i layers  form: the second layer 
would cer ta inly not be hydrocarbon chain against  the 
doub le  l a y e r  and  doub le  l a y e r  somehow o r i e n t e d  
against  double layer would leave hydrocarbon chains 
exposed to water.  I t  musg be concluded, then, that  
the increased adsorption is due to reorientat ion with 
subsequent closer packing. More will be said about 
this situation. I t  should be emphasized, however, 
that  no adsorption of Na + or Ca ++ onto Graphon 
occurred in the absence of surface active agent. 

The calcium ion is also adsorbed to the Graphon /  
solution interface as shown in F igure  2. The breaks 
in the curves, showing sudden increases in calcium 
ion adsorption, correlate with the sudden increases 
in adsorption of DS~ anions. Another  interesting 
point is the apparen t  decrease in calcium ion adsorp- 
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FIG. I. Adsorption of dodeey] sulfate anions with CaCI= added. 

tion above the cme. The micelles apparen t ly  compete 
ra ther  successfully for the calcium. 

The ratio of adsorbed calcium ions to adsorbed 
dodecyl sulfate anions is plotted as a function of 
added calcium chloride in F igure  3. The curves ap- 
proavh the limit of 0.5 which is the stoichiometric 
ratio for Ca-- /DS . Of course, the calcium ions dis- 
place the sodium ions as i l lustrated in F igure  4. 
Here,  the inflection points result f rom reorientation 
of the DS anions. At any point where the adsorbed 
(.aleimn ions and adsorbed sodimn ions are equal in 
number,  the equilibrium concentration of Na ~ is 500 
times greater  than the concentration of Ca - .  

Tbe isotherms for the adsorption of calcium ions 
versus the calcium ion equilibrimn concentrations, 
given in F igure  5, are mmsua l  in that  they exhibit 
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FIG. 2. Adsorption of calcium ions. 
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FIG. 3. Rat io  of  adsorbed  ( 'aleium to adsorbed  DS anions.  

sudden reversals in slope at high initial concentra- 
tions of NODS. These reversals are due to reorienta- 
tion as explained heretofore; more calcium ion is 
adsorbed at the closer packing. 

Finally, the true adsorption isotherms for Ca ++ as 
a function of equilibrium concentration of DS- were 
extraeted from the data. Figure 6 indicates that the 
Ca ++ adsorption increases with NoDS concentration 
until  the eme is reached; in this region there is a sud- 
den decrease again showing the competition for the 
Ca ++ provided by the mieelles. 

These results make it clear that  the Ca ++ affects 
the adsorption of the DS which in tu rn  affects the 
Ca++/Na + ratio at the interface. Apparently,  the ad- 
sorption of Ca ++ reduces the repulsion between the 
sulfate anions so that closer packing can occur. I t  is 
certainly not possible to make the simplifying as- 
smnptions van Voorst Vader (5) applied to the ther- 
modynamical development of the situation at the 
a i r / surfae tant  solution interface. Also, the adsorp- 
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FIG. 4. Adsorp t ion  of sod ium ions as a f unc t i on  of adsorbed  

calc ium ions. 

EQUIL. CONC. CA *+ (uM./lO0 ML.) 
Fla.  5. Rat io  of  adsorbed  caleiunl ions to adsorbed  dodecyl 

su l fa t e  anions .  

tion of hydronium and hydroxyl ions cannot be ne- 
glected as suggested by v.d. Tempel (6). Iu  addition, 
measurements of Ca §247 adsorption in the cmc region 
appear to be very sensitive to the micelle formation. 

A very simple senti-empirical equation can be set 
up to fit the adsorption results obtained in the pres- 
ence of the Ca ++ . Consider at first that the rate of 
adsorption will be less dependent on the Na +, which 
is largely in the diffuse layer, than on the DS- or 
Ca ++ . Suppose for the rate of adsorption we write: 

dn _ B1 (1-0) Cvs C '/~C (1) dt . - xa+ c,,~+ 

and for the rate of desorption: 
du 

- B 2  n ( 2 )  
dt 

Here, n is the moles of surfactant  anions adsorbed 
per g, CDS- is the coneentration of unaggregated an- 
ions, 0 is the fraction of the surface covered, Cx,~+ 
and Co,+- are the solution concentrations of the respec- 
tive cations, and B1 and B2 are constants. Then, set- 
ting 0 =  n/no, where no is the maximum value of 
surfactant  adsorption, we obtain the equilibrium 
equation by equating Equation 1 and 2: 

CDs_ Cx,Y ~ Ce,++ 
n = A + (1/no) CDs_ Cxa +a/3 Cca_. (3) 

A remarkably good fit to the adsorption results was 
obtained with A = 30.863 x 10 s and 1/no = 0.1423 X 
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FIG. 6. Adsorp t ion  of calcium ions as a func t ion  of equilib- 

r ium concent ra t ion  of  sod ium dodeeyl su l fa te .  
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CaCI,2 a d d e d .  

10~;theaveragepercentdeviati~ ! 0 " | 2 I  ~ ~ [ 
mmn deviation 1.7%. The l imit  of adsorption of DS 
in the presence of Ca ++ was therefore 7.03 • 4 moles 
DS/gofGraphou.  The correspondiuglinlitingarea ~ 0 . 0 ~  % ~ I 
was 22A" per  anion. I t  must  be concluded that  the 
hydrocarbon chain is essentially pulled off the surface 
in this state so that  the chains are in close-packed E O.ozIF "~ X I 
a r ray  with the polar head groups held close by the 
adsorbed calcium ions. 

T h e  E f f e c t s  of  C a l c i u m  I o n s  on t h e  A d s o r p t i o n  of  
N a D B S  to  the  G r a p h o n / S o l u t i o n  I n t e r f a c e  

The orientation of DBS-  on the Graphon is appar-  
ently the same at all equilibrium concentrat ions;  the 
benzene ring is in juxtaposition to the graphitie sur- 
face and pa r t  of the hydrocarbon chains and the 
sulfonate groups extend into the solution (3). Thus, 
there is no reorientation to conlplicate the picture 
and the analysis of the Ca ++ adsorption succumbs to 
a simple Langmuir treatment. In other ways, the 
effects of introducing calcium ions are similar. 

The increased adsorption of DBS- caused by the 
addition of small increments of Ca ++ is depicted in 
Figure 7. As for DS-, the ratios of Ca+§ - ap- 
proach 0.5 with increasing calcium ion concentration 
as in F igure  8. The displacement of Na + by Ca ++ is 
shown in F igure  9. 

As for  the NaDS, the adsorption of NaDBS is also 
generally affected by the of Ca ++ so that  the situation 
is complicated. When  the initial NaDBS eoncentra- 

"F o n  

6 

r 

0 4 0  8 0  120  

EQUIL. CONC. CA+ § ( t~M./lO0 ML)  
F i e .  8. iRatio of  a d s o r b e d  c a l c i u m  ions to a d s o r b e d  dodeeyl -  

b e n z e n e  s u l f o n a t e  an ions .  

0 .04  0.I 2 0.1(5 
raM.  Co+*  A D S . / g .  G R A P H O N  

FIG. 9. A d s o r p t i o n  of  s o d i u m  ions  a n d  c a l c i u m  ions. 

tion was as high as 1.427 mmoles/100 ml, however, the 
addition of sodiunl or calcium chloride did not change 
the DBS adsorption. Direct experiments at this ini- 
tial NaDBS concentration showed the effect of added 
sodimn ions in decreasing the Ca ++ adsorption. These 
experiments led to an analytical examination of the 
l imiting ratio of Ca ++ to adsorbed DBS- if the Na § 
could be completely eliminated. 

To accomplish this analytical task, it was fortu- 
nate that the simple I, angmuir equation, although 
naive, fitted the results well. Table [[ illustrates 
the fit and gives the extrapolated values for zero 
Na ~ concentration. 

The plot of the last equation extrapolates closely 
to 0.5 Ca++/DBS - adsorbed at about 250 ~moles Ca++/ 
100 nil (100 ppm Ca++). The constant 6.6 represents 
1/n .... the inverse of the monolayer capacity in mmoles 

TABLE I I  

Equations for the Adsorption of Calciunl Ions with Varying 
Amounts of Sodium Ion 

Initial Na + 
Equation concn Avg % 

mmoles/ deviation 
100 ml 

4.85 C 
1.17 -I  6.5C 

C 
n--~ 0.89 ~- 6.7 C 

C 
n~-_ 

0.55 d- 6.6C 

C 
n -- 0.22 ~- 6.6C 

(extrapolated 
constants) 

3.14 

1.427 
(none extra) 

(extrapolated 
constants) 

3.7 

4.6 

2.3 

n ---- mmoles Ca ,+ adsorbed/g Graphon; C ~ equil concn Ca ++ , 
mmoles, 100 ml. 



284 THE ~OURNAL OI~ THE AMERICAN OII~ CHEMISTS' SOCIETY VOL. 39 

per g of Graphon. Thus, 1/6.6 = 0.15 is to be expected 
since the extrapolated capacity of DBS- is about 0.3 
m m o l e s / g  Graphon. 

The heat of adsorpt ion of Ca *+ to the Graphon /  
solution interface was also measured by breaking cal- 
cium chloride solution into suspensions of the Graphon 
in the NaDBS solutions. The value of 3.0 _+ 0.5 
kea l /per  mole of Ca ++ adsorbed was the same as that  
obtained by adding calcium chloride to concentrated 
NaDBS solutions f rom which the Ca(DBS).~ precipi- 
tated. A similar value was also obtained when the 
concentration was such tha t  the Ca ++ was merely 
adsorbed by micelles without  precipitation. I t  is un- 
forunate  that  the deviations in all these enthalpy 
measurements  are so large. Current  measurements in 
this laboratory of the heat of double layer format ion 
show that  it is often of the order of 0.5 kcal/mole.  
Consequently, the above heat measurements  do not 
contribute firmly to a definite decision as to whether 
the Ca +* is diffusely adsorbed or adsorbed by ehcmi- 
cal binding. 

Nature of the Adsorption of Calcium Ions at the 
Graphon/Anionic Surfactant  Solution Interface 

I t  is well established that  traces of Ca ++ profoundly  
affect the surface active propert ies  of anionies such 
as foaming proper t ies  (7),  detergency (8),  soil depo- 
sition (9), and the stabil i ty of emulsions (10). One 
of the major  basic problems regarding  systems related 
to these propert ies  concerns the characteristics of the 
calcium adsorbed at the corresponding interfaces. 
Does the calcium interact  chemically with the surf-  
aetant  ions or is it adsorbed in some form of electric 
double layer ? I~ecent a t tempts  to establish the nature  
of the interaction are considered indecisive. Thus, 
vml Voorst Vader  (5) got ra ther  poor agreement  be- 
tween the total  of Na § and 2Ca *+ adsorption versus 
anionic ion adsorbed at the solut ion/air  interface, 
but  he made his studies in the cme region where 
competit ion with the micelles is a sharply  changing 
factor. The radiotraeer  studies reported here also 
suggest that  adsorption, at least at  the Graphon /  
solution interface, is more complicated than was rec- 
ognized heretofore. Schwartz, Martin, and Davis (11) 
decided that  Ca "* was adsorbed as the salt CaZ2 on 
cotton, but s tudy  of their  analytical  method leaves 
the question in considerable doubt. 

The great  influence of trace Ca *+ in competing for 
Na + at the Graphon/solut ion  interface, the t rend to- 
ward a Ca++/Z - ratio of 0.5 and the common value 
of 3 kcal /mole for  precipi ta t ing Ca(DBS)2  or for  
adsorbing Ca ++ at the Graphon/solut ion  interface, all 
suggest chemical interaction. The following studies 
of the effect of Ca +* on the deposition of Graphon 
dispersions in NaDBS solutions onto cotton, at first 
glance, tend to suppor t  this contention. Nevertheless, 
it must  be concluded that  the present  studies do not 
completely settle the question. There is a correspond- 
ing problem in the adsorption of polar  organic mole- 
cules onto metal  oxides; here the question of ehemi- 
sorption versus physiosorption also remains unsettled. 
In  both problems, the greatest  current  anticipat ion is 
that  the interaction can be put  on an accurate energy 
basis. At the present  time, it can be said that  the 
Ca +* is fa r  less diffusely, hence more energetically, 
bound than  the Na + ion. 

The Deposition of Graphon onto Cotton in the Presence of 
NaDBS as Affected by the Addition of Calcium Ions  

The results on the studies of the adsorption of 
Ca++ to the Graphon / su r f ac t an t  solution interface 

prompted  the fu r the r  s tudy of the deposition of 
Graphon onto cotton. I t  was of interest to learn 
whether  the trace amounts  of calcium could influ- 
ence the deposition to the same degree that  Na + was 
displaced. Also, Graphon provides a t ruly  model dir t  
fa r  simpler than most materials  employed heretofore 
in detergency studies. 

The l i terature contains many  reports  of investiga- 
tions of detergency, and almost as many  ideas con- 
cerning the fundamenta l  nature  of deterging proc- 
esses. In  spite of the nmnerous and varied concepts, 
it is generally agreed that  most cleaning processes 
consist of the following three steps (12):  

a. Separat ion of the soil f rom the mater ial  or sur- 
face that  is being cleaned. 

b. Dispersion of the soil in the deterging medium. 
c. Prevent ion of redeposition of the soil onto the 

cleaned surface. 

In  all these steps, the adsorption of sur fac tan t  ma- 
terials onto the soiled goods or dirt  can be considered 
to be important .  Indeed, Reich claims (13) there is 
no doubt that  adsorption of detergents by soil and 
subs t ra tum is fundamenta l  to detergency. For  if the 
surfac tant  is s t rongly adsorbed at the surface of the 
soil and substratum, the adsorption will al ter the zeta 
potentials, the wett ing tendencies, the soil agglomer- 
ates, etc. However, as Schwartz and Pe r ry  point out 
(14), a vast  amount  of work has ben aimed at eval- 
uat ing and measur ing detergency effects by prae- 
cal methods ra ther  than  by theoretical or academic 
considerations. 

A detailed s tudy of the separation of soil f rom a 
substrate that  is being cleaned requires considera- 
tion of the characteristics of the soil, the character- 
isties of the surface f rom which the soil is to be 
removed, and the characteristics of the bonds or 
at tractions between the soil and the substrate. I t  
becomes abnost impossible, therefore, to discuss de- 
tergency in completely general terms. To s implify 
matters,  many  investigators have studied model sys- 
tems of cotton fabrics and carbon blacks. These 
studies have been approached f rom two directions, 
one being a s tudy of the degree of removal of carbon 
black f rom solid cotton cloth, the other consisting of 
measuring the amount  of carbon black deposited on 
clean cotton cloth. Although these two approaches 
are in direct eontrast  to each other, both are impor- 
tant.  In  detergency, the dispersion of the soil or 
prevention of redeposition is neither more or less 
impor tant  than the original separat ion of soil f rom 
fabric. 

Goette (15) has discussed the removal of soil f rom 
fabric substrates and claims that  practical  experience 
and laboratory experiments have clearly demonstrated 
the influence of particle size on the removabili ty.  As 
the particle size of the soil becomes smaller, the re- 
moval of the soil f rom the fabric becomes increasingly 
more difficult. When the soil particles are sufficiently 
small, i t  becomes impossible to remove them from the 
fabric even with the best of detergents. 

Vitale (16) studied the removal of carbon soil from 
cotton fabrics in relation to the amount  of calcium 
and magnesium ions in sodium dodeeylbenzene sul- 
fonate solutions. Increasing amounts  of water  hard- 
ness had a decreasing effect on the soil removal. These 
studies correlated with other investigations (17a,b) 
which have shown that  increasing calcium and mag- 
nesimn ion concentrations had an increasing effect on 
the deposition of carbon soils to cotton fabrics. 

Compton and H a r t  (18a,b,c) reported the degree 
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of deposition of carbon black to cotton cloth was di- 
rect ly related to the particle size of the carbon black. 
For  particles sizes below 50 m/,, the soil deposition 
was very severe and increased with decreasing car- 
bon black particle size. Above 50 m/, in particle size, 
the soil deposition was much less and was relatively 
independent  of particle size. Compton and H a r t  
concluded that  soiling in this system occurred by 
mechanical ent rapment  of the carbon particles by 
irregulari t ies in the cotton surfaces. Of' course, van 
der Waals at t ract ion forces and repulsion forces are 
also likely to play a role. 

In  fact, Durham (19) has shown that  theoretical 
considerations of the van der Waals at tract ions forces, 
and the repulsion forces arising f rom electric double 
layers, leads to a description of a potential  energy 
barr ier  between two approaching surfaces. The po- 
tential energy barr ier  required to prevent  the deposi- 
tion of a solid particle onto a fabric increases as the 
particle size of the soil decreases. Thus, the rate of 
deposition of soil to cotton fabrics should be inversely 
proport ional  to particle size and to the interfacial  
potentials at the soil/solution and cotton/solution 
interfaces. 

These studies, based on observations of model sys- 
tems, have described the controlling factors of deter- 
geney processes but have not explained the observa- 
tions on the basis of measured propert ies of the 
interfacial  fihns. The present  series of studies has 
described the Graphon / su r fae t an t  solution interface 
in some detail;  this fundamenta l  approach should 
explain in a qualitative manner  some of the observed 
factors in detergency. Besides, the surface of the 
Graphon is fa r  more homogeneous than are carbon 
blacks so that  interactions should be simpler and more 
reproducible. 

Adsorpt ion of ionic surfactants  to the Graphon /  
solution interface results in the format ion of an 
electric double layer. The interfacial  potential  of this 
double layer  promotes repulsion forces between two 
approaching particles or between a solid particle and 
a cotton substrate if the cotton surface is similarly 
charged. The repulsion forces may  be pictured as a 
potential  energy barr ier  between the Graphon par- 
t ides  and a cotton surface. Hence, the higher the 
potential  energy barr ier  or interracial  potential,  the 
slower will be the rate of deposition of Graphon 
particles to a cotton fabric. 

These concepts were studied by agi ta t ing swatches 
in dispersions of Graphon in aqueous sodium dodecyl- 
benzene sulfonate solutions containing amounts  of 
calcium chloride. Cotton cloth, obtained as Indian-  
head desized muslin (Testfabries,  Inc., 54 x 48 count) 
was washed well with distilled water  before use. The 
cotton swatches were oscillated in a vertical direction 
with an ampli tude of 1~ inch and a f requency of 60 
cycles/rain for a period of 60 rain. A volume of 200 
ml of solution was used in each ease; the solution 
contained 0.572 mmoles of sodium dodeeylbenzene sul- 
fonate, 6 mg of Graphon, and specified amounts of 
calcium chloride. The Graphon particles were barely 
visible in a bench-type photomieroseope, and so the av- 
erage particle diameter  was known to be 0.1 /, or less. 

Af te r  agi ta t ing the cotton swatches in the solutions, 
the cotton fabric was rinsed in distilled water  and 
dried. The relative amounts of Graphon particles 
deposited on the cotton were determined by compar- 
ing the reflectance of light f rom the cloth before 
agitat ion in the Graphon dispersions. This compari- 
son is reported as I, the deposition index, where 
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It  is recognized that  reflectance and soil deposition 
do not always parallel  each other. For  this system, 
reflectanee appears  to be a reliable index; the deposi- 
tion also followed the increased rate of flocculation 
of the Graphon sols as Ca ++ was increased. 

Figure  10 shows the comparison betwen measured 
values of I and concentration of calcium ions in the 
surfae tant  solutions. Indeed, an increase in calcium 
ion concentration caused an increase in Graphon depo- 
sition to cotton cloth. This phenomenon is in agree- 
ment with the concept of a potential  energy barr ier  
existing between the Graphon particles and the cot- 
ton substrate. The height of the potential  energy 
barr ier  is really a function of the number  of adsorbed 
dodecylbenzene sulfonate anions which are not eom- 
plexed with calcium ions. In  F igure  11, the deposi- 
tion index is plotted in relation to the number  of 
adsorbed sur fae tan t  anions which are not eomplexed 
by calcium ions, the la t ter  quant i ty  being calculated 
f rom earlier adsorption measurements.  I t  appears  
that  this plot is ra ther  basic. The vital effect of t race  
amounts of calcium is evident. 

This brief  description of the deposition of Graphon 
particles to cotton cloth has neglected the propert ies 
of the co t ton /sur fac tan t  solution interface, which are 
undoubtedly also very important  in detergency. In  
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FIG. 11. Deposition of Graphon particles to cotton as a func- 
tion of the adsorbed dodecylbenzene sulfonate anions uncom- 
plexed with calcium ions. 
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addition, not all soils would be expected to give rise 
to the same interfacial  propert ies  as Graphon. How- 
ever, this s tudy  has shown that  very  low concentra- 
tions (a few ppm)  of calcium ions can have marked 
effects on the packing of surfac tant  molecules at the 
g raph i t e / su r fac t an t  solution interface and, moreover, 
on the a t tachment  of graphi te  particles to cotton. 
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Refining Crude Cottonseed Oil Dissolved in Hexane * 
M. A. ZEITOUN, ~ W. B. HARRIS, and W. D. HARRIS, Cottonseed Products Research Laboratory, 
Agricultural and Mechanical College of Texas, College Station, Texas 

Abstract 
Measurements were made of the surface ten- 

sions of mixtures of cottonseed oil and hexane 
and of their  interracial  tensions against  water  
and caustic soda solutions. At tempts  were made 
to s tudy  the reaction rate  between the two phases. 
The results show that  in caustic refining of hex- 
ane miseellas the caustic is readily dispersed into 
the oil-hexane phase. 

Refining losses were found to be lower for 
miscellas containing less than 70% oil. Concen- 
t rat ions as low as 40% were refined successfully. 
The losses were inversely related to the viscosity 
of the solution. 

I~troduction 

I 
T IS KNOWN that  the red color of solvent-extracted 
cottonseed oil is made more difficult to remove by 

the heat ing necessary to evaporate the solvent (1).  
For  this reason the refining of oil dissolved in hexane 
is of interest  to persons operat ing solvent extraction 
plants. L i te ra ture  references indicate, however, that  
color removal  dur ing nfiseella refining is a major  
problem. Very  little information is given about opti- 
m u m  conditions for  refining oil-hexane miseellas. 

Mattikow (2) states that  deeolorizing the oil is not 
successful when the oil content is less than  77%. 
Folzenlogen (3) claims that  color can be removed 
f rom 40% oil miscellas if  polypropylene glycol is 
added as a surface active agent. James  (4) indi- 
cates that  50% miscella concentration is most effec- 
tive for  neutralization and deeoloration. Thu rman  
(5) reports  that  in a two-step process, 75% rniscella 
refines to a good color and tha t  50% is ahnost as 

1 Sponsored by the Texas Engineering Experiment Station and the 
Cotton I~eseareh Committee of Texas, College Station, Texas. 
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good, providing a surface active agent such as poly- 
propyleue glycol is used. A recent pa tent  (6) has 
been issued covering the use of polypropylene glycol 
in miseella refining. Cavanagh (7) refines 40% mis- 
eella successfully, providing the meats are treated 
with soda ash pr ior  to renloval of the oil. He indi- 
cates that  even 19% miscella can be refined to a low 
bleach color, but he does not give the refined color 
nor the amount  of bleaching earth used. Franke l  
(8) describes a two-step refining process in which 
25~ miscella yields superior  results. 

According to .James (4), emlsiderable difficulty is 
em.ountered in obtaining effective contact between 
caustic sohltions and miseella. Sufficient contact for 
l leutralization of the f a t ty  acids is said to be easy, 
but the coagulation of phosphatides and the removal 
of color are said to require bet ter  mixing. He indi- 
cates that  successful mixing can be obtained using 
surface active agents or mechanical homogenizers. 

Some of the physical  propert ies  which would affect 
mixing of caustic solutions and miseella are inter- 
facial and surface tensions, viscosity, arid density. 
No data  were found in the l i terature for interfacial  
and surface tensions. The viscosities and densities of 
oiLhexane solutions have been published (9,10,11). 
These references point out that  the reduced viscosity 
and gravi ty  of miscella solutions make the separat ion 
of soapstocks easier. However,  no eorrelatioHs be- 
tween refining losses and viscosity or density were 
found. 

In  this investigation, surface and interracial  ten- 
sions were measured for  miseella-caustie soda and 
miseella-water systems. The refining of crude cot- 
tonseed oil dissolved in hexane was studied. The 
variables were the anlount of hexane present, the 
quant i ty  of caustic used, and the concentration of 
the caustic. 


