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I t  is shown tha t  the repor ted  differences in anionic  surf- 
a c t an t  adsorp t ion  on cot ton can be l a rge ly  a t t r i b u t e d  to the 
presence of va r i ab le  amounts  of n a t u r a l  wax on the fiber 
surface.  H i g h  adsorp t ion  values  with peaks near  cr i t ica l  
micel le  concent ra t ion  (cmc) resul t  f rom s u r f a c t a n t  adsorp t ion  
on the wax surface.  Wax- f ree  surfaces  fa i l  e i ther  to show the 
same h igh  maxinm or the same re la t ive  m a g n i t u d e  of adsorp- 
tion. A t  s u r f a c t a n t  emc the adsorp t ion  re la t ionsh ip  for waxy 
cot ton (mi l l imoles /g .  of cot ton)  cat ionic  : nonionic : anionic was 
roughly  66 to 17 to 74. For  dewaxed cotton, this  beealne 40 
to 10 to nil. 

Confirming the f indings of others,  no adsorp t ion  by cotton 
of sodium t r i po lyphospha te  oecurs e i ther  with waxy or wax-free  
cotton. Also add i t ion  of t r i po lyphospha te  decreased the a,1- 
sorption of several  anionic  su r fac tan t s .  

At  concen t ra t ions  g r ea t e r  t h a n  emc and ~t sufficiently-high 
solut ion t empera tu re ,  anionic  s u r f a c t a n t s  can solubil ize eot ton 
wax, l eav ing  a less waxy subs t ra te  upon which adsorp t ion  is 
then  reduced. 

C 
ONSIDERABLE VARIATION ill_ the adsorption of surf-  

actants upon cotton has been noted in published 
data and ascribed to surfae tant  pur i ty  and ad- 

sorption technic (12). Sorption maxima and kink 
points in the adsorption isotherm were detected in 
the region of critical micelle concentration (cme) by 
Evans  (7), Meader and Fries  (19), Fava  and Eyr ing  
(9), and Sexsmith and White (22). Wea therburn  and 
Bailey (27) found that  sorption increased logarith- 
mically to a constant value in the cmc range. In  
contrast,  Jayson  (14) and Boyd and Bernsteiu (3) 
failed to show the maxima at near  cmc. The data of 
P e r r y  and coworkers (21) point up the differences in 
magni tude of adsorption, which it is apparen t  are 
not explained simply by either surfac tant  pur i ty  (or 
sample) or adsorption technic. 

Even though adsorption technics may vary.  the 
marked differences in values were apparen t ly  to be 
found in another  variable, the substrate. I t  is known 
that  raw cotton varies widely in character,  and it is 
likely that  physical and chemical t rea tment  of the 
fiber and fabric changes fiber characteristics still 
fur ther .  

In  a t tempt ing  clarification of the mechanism of 
action of sodium carboxymethyl  cellulose (NaCMC).  
Nieuwenhnis and Tan (20) found that  solvent-ex- 
t racted unbleached cotton and bleached fiber varied 
considerably. The lat ter  exhibited the protective ac- 
tion of NaCMC. Epton  and Preston (6) demonstrated 
that  the ni trogen content of raw cotton caused a vari- 
ation in sur fac tan t  adsorpt ion;  this increased with 
increasing nitrogen content. Others, recognizing that  
the condition of cotton could affect their  results ma- 
terially, resorted to various types of p repa ra to ry  pro- 
cedure. Sookne and Har r i s  (24) prepared  s tandard 
cellulose by ethanol extraction, followed by a boil 
with 1~. sodimn hydroxide solution, providing de- 
waxed and depectinized fiber. Wahba (26) prepared 
" s t a n d a r d "  ce l lu lose  by  h igh  p r e s s u r e  bo i l i ng  of 
cotton linters in caustic soda solution, the fiber to be 
used for estimation of moisture adsorption. 
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This brief  review demonstrates the var iabi l i ty  of 
adsorption data, shows that  a t tempts  have been made 
to standardize fabrics and fibers pr ior  to adsorption 
experiments, and suggests the possible variat ion in 
s tar t ing substrate. Pointed up is the need for more 
clearly defining the condition of the substrate used 
in adsorption experiments.  

Variat ion in our own experiments necessitated a 
" s t a n d a r d "  conditiou of cotton fabric, and data then 
developed help to explain certain characteristics of 
published surfac tant  adsorption results. 

Materials and Equipment 
Fabric. Cotton pure  finish, Indianhead plain weave, 

/ o thread count 48 x 54, weight 5.0 oz./yd.- was used. 
This was desized by the following system: boiled with 
1 ~  NaOH solution and twice rinsed with water  at 
the boil; bleached with 0.01% available chlorine solu- 
tion; scoured at the boil with 0.0759~- soap chips, 
rinsed free of soap with hot distilled water ;  soured 
at 100~ with 0.05~ acetic acid solution; rinsed free 
of acid with hot water ;  dried. 

The desized fabric was punched into !/.z-in. disks 
for the sorption studies. 

AdsorptioJ~ Apparat~es. The appara tus  consists of 
six chain-driven spindles operated at 76 cycles~min. 
through a 370 ~ are, equipped with circulating water  
bath ( •176  

Stainless steel s t irrers  with curved blades to fit 
100-ml. Florence flasks were attached by rubber  tube 
couplings; the shafts  were machined to fit through 
24/40 joint glass bearings. Matched sets of flasks were 

9 - � 9  selected and calibrated at ~o u. for total volmne (no 
air space, including bearing, blade, and cotton load) 
making corrections for buoyancy, temperature ,  etc. 

Du Xoug I~der.facial T('~siometer. A jacketed dish 
q-  9 ~ was used for t empera ture  control ( 0._ C.). Ring 

eorreetions by the method of Zuidema and Waters  
(29) were applied. 

Soxhlet Extractors. Large size for thimble 6 era. 
in diameter  and 18 cm. in length was used. 

Surfacta~ts. The sorbates measured and their char- 
acteristies are shown in Table I. 

Coleman U~dvcrsal Spectrophotometer. A model 
with l~-in, rec tangular  cells was operated at 650 m .  
for methylene blue for sur fac tan t  anions and at 625 
m~ for molybdmmm blue assay of P~O~. 

Adsorpt ion Procedure 

Cotton disks conditioned at 66% R H  at 25~ were 
weighed (6 g. to the nearest 0.01 g.) direct ly into the 
Florence flask, and the sorbate solution was added 
just  to overflowing. The bearing and blade were in- 
troduced, el iminating air  space. In  ge~leral screening, 
the systems (at given tempera ture)  were st irred 10 
rain. at a rate of 76 cycles/rain, through an arc of 
ca. 370 ~ The flasks were removed af ter  10 rain., and 
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T A B L E  I 

List  of  Sorbates  

139 

C o m p o u n d  

A,  A n i o n i c s  
N a  D o d e e y l b e n z e n e s u l f o n a t e  
( N a D D B S )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Na T r i d e c y l b e n z e n e s u l f o n a  te 
( N a T D B S )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N a  P e n t a d e c y l b e n z e n e s u l f o n a r  e 
( N a P D B S )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Na n - D o d e e y l  su l fa te  
( N a  n - D D S )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B. Cationic  
I-Iexadecyltrimethylammonium 
br om ide  ( t t D T A B )  . . . . . . . . . . . . . . . . . . . . . .  

C .  Nonionics 
n - D o d e c a n o l  + 9 . 6  E O  . . . . . . . . . . . . . . . . . .  
T r i de cano l  -[- 1 0 . 1  N O  . . . . . . . . . . . . . . . . . . .  

D.  I n o r g a n i c  B u i l d e r s  (Sa l t s )  
S o d i u m  tr ipo lyphosphate  
( S T P )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Source  

Monsanto  

Monsanto  

M o n s a n t o  

M o n s a n t o  

Eas t lnan  Kodak  
( T - 5 6 5 0 )  

M o n s a n t o  
M o n s a n t o  

M o n s a n t o  

Descr ip t ion  

Desal ted.  d e u i l e d ,  A l k y l a t e  boi l ing 
r a n g e  --~ 5 4 0 - 6 1 0 ~  ( A t m . )  

Desal ted ,  deoi led 

Desa l ted ,  deoi led.  Alkylate  boi l ing 
r a n g e  ~ 1 5 6 - 1 5 7 ~  2 ram. 

F r o l n  E a s t m a n  Kodak  n - d o d e ( ' a l l o l  
( r n . p .  = 2 3 - 2 4 ~  

T e c h n i c a l  

Salt and P E G - f r e e  
D r y  (neutra l i zed  anti f i l tered) 

T R  10-16 

Act ive  

9 7 

95  

9 7  

9 9 @  

9 O +  

E s s .  1 0 0  
91  

( 9 ' ~  P E G )  

9 0 ~  

F o r n l u ] a  
w e i g h t  

3 4 8  

3 6 2  

3 9 0  

2 8 8  

3 6 4  

6 0 9  
6 4 6  

3 6 6  

D y e  solubi l izat ion 
c m c  data 

o(,. 

25 
35 
60 

2 5  
5 0  
75  

2 5  
5 0  
75 

25  
60  

2 ;5 

2 5  
2 5  
50  
75  

% C o n e .  

0 . 1 1 5  
0 . 1 3  
0 . 1 4  

0 . 0 5  
0 . 1 0  
0 . 1 0  

0 , 0 1 7  
0 . 0 2 1  
0 . 0 3 5  

0 . 2 2 9  
0 . 2 2 5  

0 . 0 3 3  

0 . 0 0 7  
0 . 0 0 9 2  
0 . 0 0 7 8  
0 . 0 0 7 5 7  

A n i o n i c  

E .  A n i o n i c / S T P  combinat ions  (1  : 2 mole  rat io)  
N a D D B S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N a D D B S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N a T D B S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N a P D B S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Na n - D D S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( / ~ A n i o n i c  ~ S T P l y  
b y w e i ~ h t  w e i z b t  

32.2 ~ 6 7 . ~  
3 2 . 2  I 6 7 . ~  

3 3 .1  6 6 . 9  
3 4 . 7  6 5 . 3  
2 8 . 2  7 1 . 8  

~  

cmc D a t a  

A n i o n i c  Total solids 
,~ c o n ( .  ( 'one .  

5 0  0 . 0 7 0  0 . 2 1 8  

Sorpt ion  
as say  

6 0  

50  
5O 
60  

0 . 0 7 0  

0 . 0 3 1  
0 . 0 1  
0 . 1 2 2  

0 . 2 1 6  

0 . 0 9 4  I 
0 . 0 2 8  i 
0 . 4 3 2  

methods  a 

T P T  

5 ] [BX 

T P T  
M B X  

T P T  

T P T  
M B X  

M B X  

ST 
S T  

lIB 

Sorpt ion  assay  
method 

T P T  - A n i o n i c  
M B X  - A n i o n i c  

M B  - S T P  
T P T  - Anion ic  
T P T  - An ion ic  
T P T  - A n i o n i c  

a T P T - - t w o - p h a s e  t i t ra t ion;  M B X - - m e t h y l e n e  blue ex trac t ion :  S T - - s u r f a c e  t ens ion;  M B - - m o l y h d e n u n l  b l u e .  

the bulk of the liquid was decanted through coarse 
fritted glass filters. Unexposed solutions were simi- 
larly filtered for control data. Total exposure time 
was ca. 12 rain, 

Sorption Assay Methods. Solutions before and after 
adsorption were assayed to give A %  concentration, 
then sorption was calculated: 

rag. sorbed _ A %  cone. • flask solution vol. • 1000 
g. cotton g. cotton • cotton % solids 

(Cotton solids at 66% R H  at 25~ were 93-94%) 
mill imoles sorbed mg. sorbed/g,  cotton 

g. cotton sorbate formula weight 

Surfaetant  anions were determined by the two- 
phase cationic t itration with eety l tr imethylammonium 
bromide and methylene blue indicator (1,5).  The 
methylene blue extraction method of Fair ing  and 
Short (8) was used for surfactant  cations by optical 
density measurements  at 650 mr,. 

Tripolyphosphate was analyzed by conversion to 
orthophosphate (11) ,  then as molybdenum blue by 
spectrophotometric measurement at 625 mr,, for total 
P205. 

Experimental  and Discussion 

Fiber Swelling. Evans (7) correlated the adsorp- 
tion of surfactants with the transverse swell ing of 
c o t t o n  and  o t h e r  f ibers .  In  d i l u t e  s o l u t i o n s  l i t t l e  
change occurred, but at maximum adsorption a de- 
crease in swell in~ was found. Attempts  were lnade to 
veri fy  these findings at 970 magnification with fibers 
from the desized disks. Using sodium dodecylbenzene 

sulfonate in a concentration range of from 0.02 to 
0.40%, and at critical micelle concentration (0 .12~ , ) ,  
the results were so variable as to have little signifi- 
cance. Averages of 2 .2~  to 5.5% for the range of 
values were found, but the replicates varied so widely 
as to negate statistical treatment. With  this vari- 
ability, attenlpts to correlate fiber swelling with surf- 
actant concentration and sorption were unsuccessful,  
and fiber swelling was considered a minor factor in 
adsorption. 

Moisture Effect Upon Adsorption. Sookne and 
Harris  (24) in some very precise work with cotton 
fibers found that fiber moisture content markedly  
affected their results, and a correction factor was 
developed. However  Weatherburn and his coworkers 
(28) investigated the effect of water hydration of 
fibers and found that this correction was consider- 
ably less than the probable error of sorption experi- 
ments. It was found that a correction factor for the 
moisture content of the conditioned fiber quite ade- 
quately covered this variable. Determinat ion with 
our fiber of the effect of moisture content showed that 
conditioning at 6 6 ~  RH at 25~ was a suitable sys- 
tem: only vacumn-dried cotton sorbed water to a 
preferential  degree. Table I [  presents these data. 

Bikerman (2) pointed out that cellulose can prefer- 
entially sorb water or solvent molecules and lead to 
spurious sorption resnlts. However  the results of 
Table II show that identical sorption values for a 
n-dodecanol-9.6 EO adduct were obtained with the 
proper correction. In agreement with Magne and his 
coworkers (18) it appeared that, at 6-7% moisture 
content, primary sorption of water on free hydroxyl  
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T A B L E  II 

Sorpt ion of n Dodecanol -4- 9.6 EO ~ by Cotton ~a'r Var ious  
Moisture Contents  

Condi t ion ing  rela- % Wate r  in mg. Sorbed/g .  cotton 
t i r e  humid i ty  

25 ~ C. cotton (dr)- basis)  

0 0.9 0.919 -4- 0.009 i) 
30 . 1,8 0.989 4- 0.027 
66 [ 5.6 0.997 I+ 0.020 

100 I 15,4 0.989 I+ 0.007 

a Measured at cmc, 0 .007% cone. 
b Average deviat ion.  

sites had already occurred, minimizing the proba- 
bility of preferent ia l  solvent sorption. Consequently 
the disks used were conditioned at 66% R H  at 25~ 
and proper  correction was nlade for contributed mois- 
ture content. 

Adsorption Time. In  the dynamic detergent opera- 
tion an exposure time of 30 rain. is relat ively long; 
many  washing operations are completed in 15 rain. 
or less. In  very  precise work, equilibrimn values over 
long periods of t ime may  be required, but  for our 
purposes, shorter  periods were used. 

In  addition, two samples of cotton were used, one 
the desized disks, and the other chopped fiber f rom 
the same source; both were s imply desized. Table I l I  
shows that  the adsorption of NaDDB S  is essentially 
complete (at  emc) af ter  a 5-rain. exposure. 

TABLE I[[ 

Effect of Time on Dodecylbenzenesulfonatc:~ So!'ption 

Time rag. Sorbed/g .  cotton 

A. Cotton Fabr ic  (water-washed,  desized) 
5 rain. 2.2 

15 rain. 2.1 
30 min. 2.1 

B. Chopped cotton fibers (water-washed,  desized)l,  
30 min.  2.8 

6 hrs.  2.4 
24 hrs. 1.8 

" Measured from a 0 .12% solution, i . e . ,  at cmc. 
b Wax-conta in ing .  Note tha t  sorpt ions  were ni l  for I)I)BN ictus at all 

t imes tested when dewaxed cotton was employed. 

Cotton Purification. Table I V  presents some perti- 
nent data  concerning the characteristics of water-de- 
sized and solvent (1:1 methanol/benzene)  extracted 
fabric. Methods (4,15) for investigating wax removal 
by Soxhlet organic solvent-extraction have success- 
ful ly  removed the wax. The per t inent  factor  seems 
to be the presence of solvent-extractable wax, which 
remains even af ter  the ra ther  s tr ingent  desizing treat-  
ment given. The waxy mater ial  appears  to be largely 

- 2! }!!! 5:}!2i;ii:!55!!5!:<:: 
s  J:~:~. ~:r'~zler ieenze=~.::i~=: ;:r 

F r o .  1. A d s o r p t i o n  i s o t h e r m s  f o r  v a r i o u s  a n i o n i c  s u r f ~ c t a n t s  

a t  2 5 ~  

aliphatic in na ture  and is probably  the natura l  wax 
found by others (17). 

The cotton surface-area values were determined by 
the ni trogen B E T  procedure, showing the marked  
differences between the two states (disk or chopped).  
Ti t ra table  acidity differences af ter  dewaxing were 
negligible, showing that  carboxy groupings had little 
effect upon adsorption differences. 

The five washes with detergent  solution suggest 
gradual  wax removal so that,  af ter  a finite usage 
period, garments  approach the solvent-dewaxed state. 
That  differences between new and used cotton fabrips 
exist was demonstrated by I ,amber t  (16). who as- 
cribed radiocaleium adsorptiou differences to degra- 
dation of the used cotton fabric. It has available 
considerably greater  lmmbers of ion-exchangeable car- 
boxyl groups. Since the degradat ion period of five 
washes is low (Lamber t  used 6-ycar-old fabric)  and 
because t i t ra table  acidity differences are very slight, 
variatiolb between the present  fabrics is ascrib~d to 
wax removal ra ther  than other phenomena. 

Surfactant Adsorption Data 

Wax-Contai~dng Dcsized Cotto.. The several iso- 
thernls for a homologous series of sodium alkylbenzene 
sulfonates and sodimn n-dodeeyl sulfate of F igure  1 
show the following: well defined sorptiml lnaxima 
near  the emc; sorptions at the cmc increased with 

T A B L E  I V  

Analyt ica l  Da ta  for  Cotton Fabr i c  Samples  and the Solvent  ~ Ex t rac t  from Cotton 

State 

x/z-in, disks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I/2 in. disks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

aj- in ,  disks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l~-in,  disks ............................................ 
Chopped fiber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Chopped fiber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Desized I n d i a n h e a d  
cotton sample 

W i t h o u t  fu r the r  wash ing  
Wate r -Washed  
5 wash ings  in detergent  solut ion a 
Solvent  and water-washed a (dewaxed)  
W i t h o u t  f u r t he r  washing  
Solvent  and water-washed a 

Solvent  extract  .......................................................................................................... 
Addi t iona l  p roper t i e s :  da rk  b rown wax hav ing  l i t t le  water  solubi l i ty  a t  

room temperature .  Tested negat ive ly  for pro te in  (along" with unwashed  
cotton) by b in re t  and xanthoprote ic  tests. I R  Spectroscopy:  highly 
a l iphat ie  wi th  many  CHe groups ;  alcohol and ester g roups  present.  
U V  Spectroscopy:  n n s a t u r a t i o n  indic, ated, bu t  not  aromatic.  

% 1-120 % % 
af te r  

d r y i n g  ~. , (Kar l  N l t rogen Carbon b 
I'~isher) _ _  _ _  

0.52 0.009 / 44.29 
0.89 0.008 43.09 

6;g~ o~fi~i / 4s 
...... . . . . . . . . . . . .  [ 

...... 1.10 71.52 

Surface  I 
T i t ra tab le  

% Solvent  ac id i ty  
extract  (~Iilli- 
(wax)  equivalents  

X 1 0 L / g ,  ) 

0.59, 0.53 5.5 
0.48, 0,68 ...... 

0.31 
Nil 6.5 

0.38 ...... 
Nil ...... 

a nes ized  I n d i a n h e a d  cotton was thoroughly  water-washed or solvent-extracted (by Soxhlet wi th  methanol /benzene,  1 : 1 )  and water-washed,  then  
dried.  The solvent-extracted mater ia l  was accumulated  by successive extract ions  of 100-g. cotton batches:  each batch extracted a m i n i m u m  of 24 hrs. 

b Values  ad jus ted  to anhydrous  basis. 
c By  B E T  n i t rogen  absorpt ion method. 
a W a s h e d  in ro t a t ing  tumbler  with 0.2% solut ion of 15% nonionic  s u r f a c t a n t  655~ te t rasodium pyrophosphate,  20% soda ash. 
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increasing emc values (decreasing hydrophobe chain 
length) ; and below cme increase of sorption most rap- 
idly for long-chain hydrophobes while above emc more 
decrease of sorption for shorter-chain hydrophobes. 

Explanations for these peak adsorptions at emc 
with subsequent lowering of adsorption above this 
point have been various. Mender and Fries (19) in- 
clined toward the explanation that single ion (or 
monomer)  ac t iv i ty  beyond maximum adsorpt ion  
decreased, lowering adsorption. Data of Fava and 
Eyring (9) show the same drop in adsorption, but 
explanation for this effect was avoided by pointing 
out that at these higher concentrations "liquid hold- 
u p "  of this adsorption scheme sharply reduced the 
accuracy  of the de te rmina t ion .  Jayson  (13) per- 
formed his experiments with radiotagged NaDDBS 
somewhat below the eme hence did not show the peak 
adsorptions of Fava and Eyring, or Meader and Fries. 
Though the substrates are different (carbon instead 
of cotton), Void and Sivaramakrishnan (25) showed 
these same peak adsorptions in the region of cmc with 
subsequent reductions at higher adsorption concen- 
trations. In explanation they postulated that, when 
the ionic strength of the solution so compressed the 
surface double-layer that electrical repulsion between 
adsorbed ions became less than the van der Waals 
attraction of their paraffin chains, surface micelles 
were formed. Desorption of both simple monomer 
ions and surface micelles then was believed to occur 
upon collision of mieelles in solution with the adsorb- 
ing surface. 

The data of Figure 1, for the desized but wax- 
containing cotton, show the same type of adsorption 
maxima as do those of both Fava and Eyring. and 
Mender and Fries. In these cases the fabric treat- 
merit was such as to leave the natural wax in the 
cotton. 

ABS Alone 
ABS/STP, !:2 NOIC R~tio 

Dlotted on active ba~ls 
: ABS/STp, !:2 Eo!e Ratio 

pZo~ted on total 5o2ids bar'5~ 

2a 

f J  
b j 

f 

/ j --~ I / � 8 4  

~ Denotes cmc 

O~ O. I0 0.20 0.130 0.140' C .10 

C i (N Conc. ~efore Adsorption) 

Fro. 2. Adsorption isotherms for sodium dodecylbenzcne sul- 
fonate with and without STP builder. 

Figure 2 is representative of the adsorption curves 
for the homologous series of alkylbenzene sulfonates 
with and without added sodium tripolyphosphate 
(STP) builder. A 1:2 molar ratio of NaDDBS to 
STP was used. Previous work (10) had shown this 
as an effective combination. Several conclusions were 
apparent from these experiments. Addition of STP 
had no effect on the relative sorption tendencies of 
the several alkylbenzene sulfonates. Addition of STP 
decreased sorption of anionies. The sorption relation 
to cmc was not apparent with STP present, and sorp- 
tion levelled off or increased above cme. 

Jayson (14) showed that tetrasodium pyrophos- 
phate, though not adsorbed by cotton, increased the 
adsorption of NaDDBS on the substrate, as did Perry 
and eoworkers (21) for sodium myristyl sulfate. Con- 
t rary to this and in keeping with our findings, both 
Mender and Fries (19) and Boyd and Bernstein (3) 
found that the presence of polyphosphates decreased 
surfaetant adsorption. Several theoretical explana- 
tions for these differences have been given, but, along 
with Jayson, we attribute these conflicting views to 
cloth treatment as shown by further experiments. 

Desized, Dewa.red Cotfo~. The adsorption of tri- 
decylbenzene sodium sulfonate ions by wax-containing 
and dewaxed cotton disks is shown in Table V. ]t is 
apparent that adsorption on the dewaxed cotton is 
essentially negligible. 

T A B L E  V 

S o r p t i o n  of T r i d e c y l b e n z e n e s u l f o n a t e  I o n s  b y  Cotton 

S u r f a e t a n t  con- 
< ' e n t r a t i o n  

m a ,  S o r b e d  ~ .  C o t t o n  

\ V a x - c o n t a i n i n g  D e w a x e d  
d c s i z e d  c o t t o n  ( 'o t ton 

0 . 0 2  0 . 6  N i l  
0 . 0 5  t o m e )  1 .7  0 .2  
0 , 1 0  1 .5  0 .3  

With different surfaetants and tripolyphosphate, 
Table V[ shows that  the cationic s u r f a c t a n t  is 

T A B L E  Vl 

p H  E f f e c t s  fo r  S o l ' p t i o n s  on  D e w a x e d  Co t t on  
( 2 5 ~  

I n i t i a l  
Norl)~lte r (.()tic. 

] H ) ' r A B  :' ! f ) . 0 3 : / ( ( . m e )  

T | ) A  @ 10 .1  ) 0 0 9  (<'n](') 
E O  b 

S T P  0.OO9 

I )H i R a d i c a l  
i I m e a s u r e d  
i I n i t i a l  A f t e r  I f o r  
i a d j u s t e d  I ex >osure s o r p t i o n  t . . . .  / _ _ _ _ _ _  

9'4"2 ~ 7 , 8 l  C a t i o n  
7 .81  I 7 , 2 9  I C a t i o n  

/ 1 0 . 6 5  1 1 0 . 6 0  ~ E n t i r e m o l .  
7 . 8 6  7 . 4 2  I E n t i r e  tool.  
9 . 5 6  ! 6 . 5 6  J A n i o n  

M i l l i m o l e s  
s o r b e d  X 
104 p e r  if. 

c o t t o n  

5 5 . 6  
4 0 . 5  

8 .4  
9 .9  
Ni l  

, H e x a d e  . y | t r i n l e t h y l a n l m o n i u m  b r o m i d e .  
i, T r d e c y  a l r o h o ] - - 1 0  E O  a d d u c t .  

adsorbed r a the r  highly.  Cation exchange ( ' ausesa  
marked decrease in the more highly adjusted pH level, 
indicating release of hydrogen ions from the dewaxed 
cot ton substrate .  The nonionic  s u r f a c t a n t  showed 
slight adsorption. No STP anion was adsorbed even 
though a change in pH occurred upon exposure. Con- 
sistent with the findings of Jayson, and Boyd and 
Bernstein, no adsorption of tripolyphosphate was 
found. These data suggest the cation exchange mech- 
anism of adsorption with the cationic surfactant, and 
consis tent  with only sl ight  pH change, hydrogen  
bonding is suggested for the nonionic surfactant (non- 
ionic surfactants are however very mildly cationic in 
character). 

Comparison of the two fabrics is given in Table 
VII, showing that, dependent upon the character of 
the fabric treatment, negligible-to-considerable sorp- 
tion of surfaetant can be expected. 

Since Evans'  (7) fiber swelling theory appeared 
inappl icable  according to our exper iments  and as 
adsorption was not attributable to nitrogen content 
(Table IV), as suggested by Epton and Preston (6), 
another mechanism must be operative. In explana- 
tion of the relatively high adsorption of anionic 
surfactant on waxed desized fabric, the following 
mechanism niay exist. The presence of hydrophobic 
wax may be the reason for anionic adsorption. The 
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Sorba te  or  Sys tem e)~ Con(:. 

t t e x a d e e y l t r i m e t h y t a m m o n i u m  b romide  ............................................. ! 0.033 (cnn') 
Tr idecano l  + 10 E O  ........................................................................... ~ 0.009 (cmc)  
Sod. dodeeylbenzenesul fonate  ( N a D D B S )  ........................................ I 0.12 (cmc)  
N a D D B S / S T P  ( 1 : 2  mole r a t i o )  ........................................................ ] 0 .177 (cmc)  

S T P  .................................................................................................... 0.12 

Radica l  
i n c a  s u  r e d  

Cation 
E n t i r e  ltlO]OClllP 
Anion  
D D B S  anion 
T P  anion 
Anion  

W a x y  Desized Cotton 

I Millimoles 
/k$'~ Cone. ! s~  

~. of cotton 

0.0106 i 66 
o.0049 ! l 7 
0.0115 74 
Ess. nil Ess.  nil 

Nil Nil 
Nil Nil 

D e w a x e d  Cotton 

Millimoles 
/XcA (?one. s~  >(10~ 

0.0065 { 40 
0.0028 i 10 

Nil Nil 
Nil i Nil 
Nil ] Nil 
Nil l Nil 

rapid increase up to emc may be attributed to mono- 
mer sorption on the wax surface. In  the absence of 
micelles the wax remains unsolubilized and offers a 
surface for sorption. Immediately above cme, solu- 
bilization can occur, and a portion of the wax may 
be removed to the solution phase (at a sufficiently 
high temperature) .  Wax removal leaves the rela- 
tively inactive wax-free cotton surface, resulting in 
adsorption decrease. In  the presence of a 1:2 molar 
ratio of sodimn tridecylbenzene sulfonate and STP, 
it is shown in Figure  3 that at 50~ the cme after 

3o 
5C*c 

,~aTDe6 (CC-I.~3) " 

F I G .  3. E f f e c t  o f  a d s o r p t i o n  b y  c o t t o n  o n  t h e  s o l u b i l i z i n g  
a c t i v i t y  a n d  e m e  o f  a s o d i u m  t r i d e e y l b e n z e n e s u l f o n a t e - S T P  
( 1 : 2  m o l e  r a t i o )  e o m b i n a t i m L  

adsorption on the desized waxy cotton was lowered 
from 0.031% to 0.015% or less. This indicates that 
the dye used for the solubilization determination (Ex- 
ternal D & C Orange No. 4; 1-o-tolylazo-2-naphthol) 
(10) was solubilized by the mixed wax-surfactant 
mieelles. Control experiments made with dewaxed 
cotton showed no such change in surfactant  solution 
activity. 

In  view of the cotton wax influence with waxy 
cotton, in which low sorption values indicate greater 
effeetiveuess in wax removal, the several anionic com- 
pounds in order of increasing sorption and lowered 
wax removal are: 

C 1 5 0 S O  ~ i C 1 3 0 S O  3 : C 1 2 O S 0  ~ . n C 1 2 0 8 0 ;  

This also helps to explain why, with STP present, 
lower amounts of surfaetant  were sorbed. More wax 
was solubilized, and less surface for adsorption re- 
mained. I t  is suspected that lowered adsorption at 
higher temperatures may be partially explained by the 
same mechanism. 

The data of Table V show that adsorption o,I de- 
waxed cotton was not at a maximum at emc as it was 

for waxy cotton, helping additionally to explain the 
importance of cotton condition in adsorption studies. 
These facts also help to explain why, in the presence 
of builders, some investigators have found an in- 
crease in surfactant  adsorption, why the magnitudes 
of adsorption vary, and why still other investigators 
have shown quite low adsorption values. 

Adsorption studies with dewaxed cotton, as a 1here 
controllable standard fabric condition, continue. 

Summary 
D e p e n d e n t  u p o n  the p resence  or absence of a 

natural waxy coating on cotton, the adsorption of 
surfactants, part icularly the anionies, can vary  from 
appreciable t<l negligible. I t  appears that the adsorp- 
tion occurs on the waxy surface rather than the pure 
e<)tton substrate when wax has not been fully removed. 
At concentrations above cmc and at sufficiently high 
temperatures it was shown that the wax was solubil- 
ized, appearing in the micelles. These findings explain 
why some investigators have shown appreciable max- 
ilna at cmc while others were unable to reproduce 
these findings with their fabric, i t  is possible by 
controlling wax content to achieve either result, or 
others iutermediate between then1. 

For  waxy cotton with alkylbenzene sulfonates or 
alkyl sulfate, well-defined sorption maxima occurred 
near cme. The adsorption of these same compounds at 
chic with dewaxed cotton was negligible. Radiotagged 
surfaetants will be used for estimation at these low- 
adsorption levels. 

The addition of ,qTP to alkylbenzene sulfonate solu- 
tions had no effect on their relative sorption values 
(waxy cotton), but total sorption was decreased. The 
sorption relation to cmc was not apparent  with STI ) 
in the surfactant  solution. No sorption of STP by 
either type of cotton was evident. 

At cnle with waxy cotton, the rough adsorption 
relationship (millimoles sorbed/g, cotton) for cati- 
onic, nonionie, and the anionic surfactants was of the 
order of 66:17:74. For  dewaxed cotton this was 40: 
10:nil. 
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A New Industrial Process for Cottonseed 

C. VACCARINO, G. & S. Vaccarino, Venetico Marina, 

D e s c r i b e d  a r e  t h e  m a i n  p r i n c i p l e s  o f  a n e w  i n d u s t r i a l  p r o c -  
ess t h a t  p e r m i t s  t h e  p r o c e s s i n g  o f  c o t t o n s e e d ,  p r o d u c i n g  a m e a l  
v i r t u a l l y  f r e e  o f  f r e e  g o s s y p o l  a n d  o f  b o u n d  g o s s y p o l  b o t h  a n d  
c o n s i d e r a b l y  i m p r o v i n g  t h e  o i l - r e f i n i n g  y i e ld s .  

A d e s c r i p t i v e  s u m n m r y  is  g i v e n  o f  t h e  p l a n t  r e q u i r e d  "tnd o f  
t h e  w o r k  cyc le  f o l l o w e d  i n  t h e  i n d u s t r i a l  e s t a b l i s h m e n t  a l r e a d y  
i n  p r o d u c t i o n  f o r  m a n y  y e a r s  in  I t a l y .  

I 
N TtlE LaST 20 years two problems have reveived 
special attentim~ in the field of cottonseed process- 
ing techJmlogy. The first was to elinlinate the 

toxicity of cottonseed meal and the second was to 
improve the refining yields of the crude oil obtained 
by  the crushing of cottonseed. 

Regarding  the first problem, it is known that  the 
major  source of the difficulties encomltered in the 
use of cottonseed meal as a feed-stuff lies in the 
presence of a toxic pigment  called gossypol. Almost 
all commercial meals and cakes contain o1113- a small 
amount  of free gossypol because, before crushing. 
the ground seed is subjected to a prolonged treatnlent 
with_ direct ly applied steam, which inactivates the 
gossypol insofar as it favors the combination of this 
product  with the seed protein. 

By  this means the " c o o k i n g "  of the seed solves to 
a par t ia l  extent the problem of the employment  of 
cottonseed meal but at the cost of the nutri t ional  
value because the protein-gossypol compounds formed 
cannot be assimilated. Therefore impor tant  par ts  of 
the proteins present are not available. I t  has, in favt, 
been shown that  the more prolonged a~ld drastic the 
cooking, the less the nutr i t ional  value of the meal (1). 

i t  is clear that  the ideal solution would be to elimi- 
nate completely all the gossypol present in the seed, 
pr ior  to cooking, so as to eliminate not only the " f r e e "  
gossypol content but also the gossypol " b o u n d "  to the 
proteins. In  a s tudy  made in collaboration by the 
Texas Agr icul tura l  Exper iment  Stat ion and other in- 
stitutes of the United States the conclusion was reached 
that  " t h i s  would suggest that, if  a suitable nlanu- 
fae tur ing  method can be developed to produce meals 
containing only small amounts of both total and free 
gossypol, these would probably  be meals of exception- 
ally high nutr i t ional  value, provided that  the solu- 
bili ty of the protein remained h i g h "  (2). 

In  theory the total elimination of the gossypol is 
possible by  the use of a solvent, such as butanmle or 
acetone. Research has yielded sat isfactory results. 
Meal direct ly purified of gossypol by extraction by 
solvents (butanone)  have shown a nutr i t ional  valu'e 
higher than  that  of soya meal (:t,4). I towevev the 
employment  of such solvents has not been adopted in 
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practice because they extract  not only the gossypol 
but also the oil, which would be so impure  as to be, 
in practice, unrefinable by ordinary  means. 

Auother  system, prollosed recently by the Experi-  
mental  Engineer ing Station of Texas, consists in the 
enlploynlent of n-octylamine, which would dissolve the 
gossypol. This method however is still being studied. 

The sevond problem of major  importanee in the 
technology of the provessiu~ of cottonseed is that  of 
refining loss and oil color. Because of the impuri t ies  
eoutained in sm'h uil (gossypol, phosphatides, ete.) 
o rd inary  metbods of refining result in high refining 
losses. 

Therefore, in the ~.ase of oils of medium aeidity, 
the full loss of oil reaches values treble or more the 
acidity of the initial oil. More accurately  to value 
these losses, reference must be made either to the 
"Wesson  Loss"  or, bet ter  still, to the "chromato-  
graphiv loss.'" showing in the ease of each oil the 
amOmlt of the fa t ty  acids and impurities.  The loss 
factor  is expressed by the ratio of the loss, pract ical ly 
checked in the refinin~ process, to the chromatographic  
loss. For the batch-refining kettle process this loss 
fa r te r  rises between values of 2 and 2.5 for it is af- 
fevted both by the acidity of the oil and its content of 
impurities.  

Such high values, tolerable only with oil of low 
al.idity and high puri ty ,  beeome serious whenever very 
acid oils from badly stored seeds nmst be processed. 
If  such is the ease, the real loss of oil in the refining 
process may reach 1 0 ~  or even more of the oil treated. 

Various ways of reducing these losses were studied. 
The simplest consists of centr i fuging the soap stoek 
to recover par t  of its neutral  oil content. A better  
result is obtained by using two refining stages. First ,  
slightly nlore than the theoretical amount  of caustic 
soda suitable for the oil acidity is used. Thus eomolete 
neutralization results, with the oil unbleached. Then 
the whole mass is eentr ifuged to recover the most oil- 
impoverished soap stock, and tile dark  neutral  oil is 
given a second t rea tment  with caustic soda to at tack 
the remaining gossypol and other impurities.  This is 
followed by a seeond eentrifuging,  f rom which a neu+ 
tral  oil of good eolor results. 

Later  some eontinuous proeesses were studied in 
which the refining was carried out continuously with 
an exactly-measured amount  of eaustic soda. These 
plants normal ly  use centr ifugals  and proceed by a 
n u m b e r  of s t ages .  The  oil is de ,~ummed,  t h e n n n -  
dergoes two suceessive neutralizations, and is finally 
washed. Each sta~e is followed by eentrifuging. There 


