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T A B L E  :[ I  
F a t t y  A c i d s  in U n r e m o v e d  Clothes  Soil  
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~' F, x t r ae t ed  w i t h  ethanol .  
I, E x e h i d i n g  l ime  soaps.  

contains more myristic acid and less stearic acid. Ac- 
cording to Rothman (9),  there is little difference in 
the relative distribution of single members in free 
and esterified skin fat. The presence of large amounts 
of odd-numbered fatty acids indicates their human 
source. 0dd-nulnbered normal acids have not been 
observed in large quantities in other materials besides 
humau sebum (9). 

The free fatty acid composition is similar to that 
reported by Weitkamp et al. (11.) for hair fat and 
James and Wheately  (2) for sebum except that the 
organic soil recovered from clothes has a greater 
amount of myristic, pentadecanoic, and llalnIitic acids. 
The amount of olcie is much less thall that present in 
skin and hair fat. This agrees with the observation of 
Walter (10) that less unsaturated fatty acids are pres- 
ent in built-up clothes soil than in freshly-adsorbed 
soil. The low amount of oleic and the absence of lin- 
oleic and linolenic acids probably result from the 
oxidation of these compounds to polymers and other 
oxidation products. 

Summary 

Organic soil that had gradually accumulated on 
cotton garments and was unremovable by normal 
washing procedures was analyzed for free and com- 
bined fatty acids by gas-liquid chromatography. 

The fatty  acid composition of this material was 
similar to sebum and hair fat and was remarkably 
uniform although from several different sources and 
geographical locations. The predominant fatty acids 
were C1~, C16, and Cls straight-chain acids. More than 
30% of the total fatty acid was palmitie acid. The 
amount of oleie acid was considerably less than is 
reported for hair and skin fat. No linolcie acid or 
linolenic acid was detected. The small amount of 
unsaturated acids is probably the result of their oxi- 
dation to polymers and other oxidation products. The 
amount of free fatty acids was very small because 
they were converted to insoluble heavy metal soaps. 
Most of the combined fatty acids were present as 
esters, i.e., triglycerides. 
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Analysis of Sudactant Mixtures 
L L O Y D  E. WEEKS and J O H N  T. LEWIS, Monsanto Chemical Company, St. Louis, Missouri 

A 
TtIOUGH MANY METHODS have been presented for 
analysis of surface-active agents, none have 
actually been based on analysis of built  deter- 

gent compositions containing surfactants which had 
been previously characterized. Heretofore most meth- 
ods have been concerned with a certain phase of surf- 
actant analysis. It is the purpose of this paper to 
show how surfactants or aetives may be isolated from 
detergent compositions and then how the actives are 
separated and characterized as nonionics, sulfonates, 
sulfates, and hydrotropes. 

Surfactant Characterization. The first step in this 
s tudy was to characterize the surfactants which would 
be used for preparing detergent compositions for sub- 
sequent analysis. The surfactants used were eommer- 

cial products, and their characterization was carried 
out as follows. 

Water content was determined by ASTM D1568- 
58T (1) .  a) Xylene distillation method was run ac- 
cording to Sections 9 to 12. b) Karl  Fischer method 
was run according to Sections 13 to 18 for samples 
with less than 1.0% water. 

Alcohol insolubles, sodium chloride, neutral oil, ac- 
tive content, combining weight, S03, and cationic titra- 
tion were determined by ASTM D1681-59T (2) .  

Reagent grade boiled isopropyl alcohol (Merck) 
cut to 95% by volume with distilled water was used 
in place of ethanol. Aetives, especially tallow alcohol 
sulfate, had better solubility in 95% isopropyl alcohol 
than in 95% ethanol. 
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Determination of alcohol-insolubles consisted of di- 
gesting the surfactant sample 1 in 9 5 %  isopropyl alco- 
hol, decanting the alcohol-soluble through an asbestos 
filter, dissolving the alcohol-insolubles in a minimum 
of water, precipitating salts from solution by addition 
of 95% isopropyl alcohol, washing the precipitate on 
the filter with 95% isopropyl alcohol, and drying and 
weighing the alcohol-insoluble residue. 

The filtrate containing the alcohol-solubles was 
heated to near dryness, dissolved in 50% isopropyl 
alcohol (boiled),  and then extracted with petroleum 
ether to remove neutral oils. The petroleum ether was 
boiled off, and the oil residue was heated for 1 hr. 
at 105~ 

An aliquot of the active solution at this point was 
analyzed for sodium chloride by potentiometrie titra- 
tion with silver nitrate. Another aliquot in a tared 
platinum crucible was evaporated to near dryness, 
and the active residue was heated to constant weight 
at 60~ in a vacuum oven. Fol lowing this, the active 
was ashed while being treated with concentrated sul- 
furic acid, and the ash was then heated to constant 
weight in a muffle furnace. Combining weight and 
SO3 contents of the active were calculated after cor- 
recting for sodium chloride prior to the ashing step 
and correcting for sodium chloride converted to so- 
dium sulfate after ashing. 

Cationic titrations of the samples were nlade with 
CTAB (cetyl  trimethyl ammonium bromide) previ- 
ously standardized with pure sodium n-dodecylbenzene 
sulfonate. 

The columnar ion exchange method described by 
Ginn and Church (3) was used to determine the non- 
ionic active content of nonionic surfactants. 

Table i lists data for surfactant characterization 
from analyses run in duplicate. The dodecylbenzene 
sulfonie acid had S03 contents in perfect agreement 
by cationic titration and ashing methods. Sodium 
xylene sulfonate combining weights of 208 and 210 
were equal to the theory of 208. 

The SO:~ contents by cationic titration and ashing 
of active for the tallow alcohol sulfate were in fair 
agreement. Poor agreement was found however for 

1 The sulfated surfactant solutions were maintained just slightly 
alkaline with phenolphthalein as the indicator. This was done through- 
out their analysis to minimize hydrolysis.  

the sulfated nonionie.  It  was believed that  the diffi- 
culty may have been caused at least in part by incom- 
plete purification of the active. There may have been 
unsulfated nonionic left in the sample prior to ashing. 
The surfaetant manufacturer recommended carbon 
tetrachloride for extraction of unsulfated nonionic. 
This improved results some, but still fair differences 
remained. It is possible that traces of inorganic salts 
in the purified actives may have given the higher S03 
values after ashing. 

The active contents of the nonionie surfactants were 
based on the ion exchange analysis. 

T A B L E  I I  
Builder Stock Solution 

3 5 0 . 0  g .  Sodium tripolyphosphate 
1 2 5 . 0  g .  Sodimn silicate, 2 S i O ~ / N a e O ,  4 4 %  solution 

7 2 . 5  g. Sodium sulfate (anhydrous)  
1 0 . 0  g. Soda ash (anhydrous)  

7 .5  g. Sodium carboxymethyl cenulose, 65% active 
2 0 3 5 . 0  g. Water 

Volatile at 105~0.  is 8 0 . 1 % .  

Detergent Compositions. Three built detergent 
compositions were prepared using the surfactants pre- 
viously characterized. The builders, typical  of those 
used in many powder type detergents, are listed in 
Table II as the formulation used in preparing their 
solutions. This builder stock solution was mixed with 
the surfactants in the proportious shown in Table 
III. The total solution batch size was diluted to 
about 1,000 ml. for Detergents A and B and to 2,000 
ml. for Detergent C. Fol lowing this Detergents A, B, 
a n d  C were drum-dried on steam heated rolls. Deter- 
gent A contains built dodecylbellZClle sulfouate and 
sodium xylene sulfonate as the hydrotrope. Detergent 
B is  a c o m b i n a t i o n  of  tmilt dodecylbenzenc snlfonate 
and tallow alcohol sulfate with lauryl isopropanola- 
mide foam stabilizer and sodimn xylene sulfonate 
hydrotrope. Detergent C has a mixture of dodecyl- 
benzene sulfonate and fatty alcohol + EO (ethylene 
oxide) condensate as the aetives. Considerable trouble 
was experienced during drunl-drying Detergent C in 
that the dried product was very difficult to remove 
from the rolls. 

Detergent D, a liqui(t composition, was selected as 
one containing attires typical of shampoo and hand 

T A B L E  I 

Surfactant  Characterization 

Surfactant  

1)odecylbenzene sulfonic acid . . . . . . . . . . . .  

S o d i u m  xylene sulfonate . . . . . . . . . . . . . . . . . . .  

S o d i u m  fatty alcohol-EO sulfate ........ 

Sodium tallow alcohol sulfate . . . . . . . . . . . .  

Fatty alcohol + E O  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Lauryl isopropanolamide . . . . . . . . . . . . . . . . . . .  

CocoayI diethanolamide . . . . . . . . . . . . . . . . . . . . .  

Water by Alcohol- 
xylene 

distillation insolubles 

4 . 4  
4 . 4  718 a 

2 .3  2 . 7  
2 .3  2 . 6  

6 6 . 4  0 . 6  
6 6 . 0  0 . 7  

6 3 . 2  2 .2  
6 2 . 8  2 .3  

0 . 5  0 0 
0 .5  r 0.O 

0 .2  0 . 0  
0 .2  e 0.O 

1 .1  O.O 
1 .1  0 .0  

NaCI 

% 
0 . 0  
0 . 0  

0 . 0  
0 .0  

1 .3  
1 .3  

9 . 9  
0 .9  

0 . 0  
0 .0  

0.O 
0 . 0  

0.0 
0 . 0  

dbenzene sulfonate. 
% active isolated X 8 0  

a OTAB standardized by pure sodium n-dodec 

h B y  cationic titration : combining weight  - -  

e B y  Karl Fischer. 
r~/e SO~ by CTAB 

N ~utr: 
oil 

::8 
o:s 

0 .3  
0 . 3  

1 .5  
1 . 4  

6 .3  
6 .2  

Active 

% 
8 6 . 8  
8 7 . 7  

9 3 . 5  
9 3 . 6  

2 8 . 6  
2 8 . 7  

2 6 . 4  
2 6 . 8  

9 6 . 2  
9 5 . 7  f 

9 7 . 4  
9 7 . 1  f 

8 6 . 1  
8 6 . 1  f 

?oral 
~und 

% 
9 9 . 8  
0 0 . 8  

~ 8 . 8  
9 8 . 8  

9 8 . 4  
98.1 

9 9 . 0  
9 8 . 0  

SOu by 

Cationic Ashing  
Ashing titration ~ 

% % g. 
2 [ . 4  21 .4 3 2 5  
2 1 . 4  2 1 . 4  3 2 8  

3 5 . 9  ...... 2 0 8  
3 5 . 7  ...... 2 1 0  

5 . 4 8  4 . 8 2  4 3 0  
5 . 4 7  4 . 8 0  4 3 2  

6 . 1 4  5 . 9 7  "145 
6 . 3 2  6 . 0 6  'd:l~ 

Combining weight  by 

Cationic 
titration )) 

{/. 

3 2 7  
3 2 7  

2 0 8  
T h e o r y  

4 7 6  

3 5 4  

As I-I~SOd. Sample converted to the sodium salt prior to ASTM 
D 1 6 8 1 - 5 9 T  analysis. 

Extracted with carbon tetr~chloride. 
f From effluent Ihroagh ion exchange resins. 
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TABI,E l i [  

Detergent  Conlposition 

Ingredient  
A 

Dodecylbenzene snlfonie acid 
(neutral ized with NaOt t )  .............. 55.8 

Sodium xylene sult 'onate . . . . . . . . . . . . . . . . . . . . .  4 8  
Sodium tallow alcohol sulfate ............. 
Sodium fat ty alcohol-EO sulfate ........ 
Fa t ty  alcohol -I  EO ............................ 
Laury l  isopropanolamide ................... 
Coconyl diethanolamide ..................... 
Bui lder  stock soIuti ........................... 4:ii~i(J 
% Volatile at  105~ ~ftcr 

d rum-dry ing  .................. ~ ............... 1.1 

Grams in detergent  

B 

16.0 
4.8 

56.4 

"~:~ 

5i;;:b" 
0.8 

C D 

8.0 24.9 

] . . . . . .  

6 ~ : 5  s . 7  

1.7 67.0 i) 

a Wate r  to make 150 g�9 Iotal for D. 
b O n  "as is" basis�9 

dishwashing detergents.  It  is based on dodecylben- 
zene sulfonate, f a t ty  alcohol-El) sulfate, and coconyl 
d:iethanolamide foanl stabilizer. 

Analysis of Actives in Detergent Compositions. The 
plan folh)wcd for analysis of a(.tives in these deter- 
gent conlp(>sitions is given in Figul 'e 1. 

A.  S e p a r a t i o n  o f  A c t i v e s  f r o m  D e t e r g e n t s  ( S t e p  A )  

Reagent  grade boiled isopropyl  alcohol cut to 95% 
by volume with water  was used in place of ethanol 
according to ASTM I)1681-59T to extract  the, active 
ingredients  from the detergent  eompositions. A sam- 
ple size was selected to yield about 4 g. of active. 

S C H E M E S  F O R  A C T I V E S  A N A L Y S I S  

~ Se;'aration of Active s 
f r o m  D e t e r g e n t s  I 

f~t---J'  ~uaiitative Iden't'ification by 
I C h e m i c a l  T e s t s  a n d  I n f r a r e d  A b s o r p t i o n  

~ Neutral O i l s  by [ 
E x t r a c t i o n  ] . ~  

~ Nonionics b y  [ 

Ion Exchange ~i 

�9 ~.. eq Anioni~ for Further Analysis 7 

! 

H y d r o l y s i s  o f  I 
Alkyl S u l f a t e  s [ ~ "  

S e p a r a t i o n  of I ~ 
C a r b o x y l a t e  s 

S e p a r a t i o n  o f  I 
Hydrotrope s 

~ I s o l a t i o n  o f  A l k y l a r y l  - [ 
, o r O t h e r  S u l f o n a t e s  j 

�9 FIG.  1. P a t h  ] i s  f o l l o w e d  t h r o u g h  S t e p  C. T h e n  s u b s e q u e n t  
s t e p s  d e p e n d  o n  d a t a  f r o m  S t e p  B .  S t e p  H s h o u l d  b e  i n c l u d e d  
i f  s u l f a t e s  o r  s u l f o n a t e s  a r e  f o u n d  i n  S t e p  B .  P a t h  6 i s  t h e n  
f o l l o w e d  i f  c a r b o x y l a t e s  a r e  a b s e n t .  

Table IV shows that  data  by A S T M  D1681-59T is in 
good agreement  with theory while those for 24-hr. 
So xhlet extractions are quite low for Sample A. 

B .  Q u a l i t a t i v e  I d e n t i f i c a t i o n  o f  A c t i v e s  ( S t e p  B )  

Anionies were shown to be present  by cationic t i t ra-  
tion (ASTM D1681-59T). 

Alkyl  sulfates were identified by reduced cationic 
t i t ra t ion values for  samples tha t  had been refluxed 
with 2 N sulfuric acid and thereby hydrolyz:~d. 

Nonionies lEO condensates) were present when an 
acid ( p H  4-5) sur fac tan t  solution turned  blue, and 
blue precipi tate  developed af ter  adding' cobaltothio- 
eyanate  reagent  (4). 

Nitrogen was identified by the Nessler test. A 
4-5-rag. sample was heated in a test tube with one 
milli l i ter of concentrated sulfuric  acid until fumes 
developed. Af te r  cooling, several drops of 30% hy- 

TABLE IV 
Isopropyl  Alcohol Extract ion of Aetives 

I sopropanol sohlble by 
A.STM I)1681-59T 

Soxhlet-extr action 

" Values in parentheses are theory. 
h Composition was  diffi('ult to drum-dry .  

Found in detergents  on an |  y- On '%s is"  
dro,~s basis (%) ' 12_~.~_si~(%) 

38 .3(g8 .3)  a 28.9(29.7)112.3~'(15.0)  32.8(32.1 ) 
38.4 128.9 112,1 :~2.7 

23 8 29 3 12 6 
21.4 29.4 

drogen peroxide were added, and the solution was 
heated to deeolorize organic material .  I l ea t ing  was 
continued until  vapors  of sulflIric acid were evident. 
The peroxide and fuming t rea tments  were continued 
unti l  the solution was colorless. The sohition was 
cooled in an ice bath, and l0 ml. of 20% sodium 
hydroxide were added slowly to prevent  spattering.  
Next  2 ml. of Nessler reagent  (1.7 g. HgC12 in 30 
ml. of water  mixed with 3.5 g. of K [  in 10 ml. of 
water ;  any  precipi tate  formed was allowed to settle, 
and the clear solution was decanted) was added. A 
brown precipi ta te  showed ni t rogen to be present. A 
positive test for  ni t rogen would be indicated for  am- 
ides and ammonium salts. 

Diethanolamides were identified by Rosen 's  (5) 
pyrolysis  with sodium ehloroaeetate. 

I n f r a r e d  absorpt ion spectra  ( f rom a Beckman Jig-4 
speetrophotometer)  determined on Nujol mulls of 
samples between sodium chloride discs revealed the 
presence of a lkylary l  sulfonates, alkyl sulfates, ethyl- 
ene oxide, and f a t t y  amides. 

Quali tat ive test data  listed in Table V are in good 
agreement  with expected results. 

T A B L E  V 
Quali tat ive Identification of Actives 

Snr fac tan t s  from detex :ent 
Test 

Anionic by cationic t i t ra t ion ................. 
Alkyl sulfate by acid hydrolysis  

and  cationic t i t ra t ion ......................... 
Nonionic by cobaltothiocyanate ............. 
Nitrogen by Nessler ............................... 
Diethanolamide by pyrolysis  with 

sodium ehloroacetate ......................... 
I n f r a r e d  absorption spectra  .................. 

A B C 

- + + 

+ - 

~ s  A,i-s a2-s 
:FAM EO 
AS 

D 

-4- 

+ 

+ 

§ 
AAS 
FAM 
AS 
EO 

A A S - - A l k y l a r y l  Sulfonate,  F A M - - F a t t y  Amide, AS- -Alky l  Sulfate, 
E O - - E t h y l e n e  Oxide. 
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C. Quantitative Analysis of Actives 

Neutral oils were extracted with petroleum ether 
according to ASTM D1681-59T (Step C). The petro- 
lemn ether was boiled off, and the residue was heated 
for 1 hr. at 105~ After  being weighed, the neutral 
oils were qualitatively tested for nitrogen by the Ness- 
ler test and for ethylene oxide condensates with the 
cobaltothiocyanate reagent. When nitrogen was found, 
the residue was contaminated with fa t ty  amide. Fa t ty  
amide was saponified by boiling the extracted residue 
to dryness with 10 ml. of alcoholic 1 N NaOH on a 
steam bath. The petroleum ether extraction was re- 
peated to separate neutral  oils from saponified amide. 

Where neutral  oil was contaminated with ethylene 
oxide condensates, the nonionic was precipitated with 
phosphotungstie acid according to Barber ct  al. (6). 
One hundred f i f ty  milliliters of water were mixed 
with the extracted residue, then 10 ml. of 10% HC1 
and 20 ml. of 10% BaC12 were added. The solution 
was heated to a boil, and 20 nil. of phosphotungstic 
acid were added. Boiling was continued for 2 min. 
After  cooling, the solution was extracted with petro- 
leum ether as previously described. 

Nonionics were determined by the columnar method 
described by Ginn and Church (3) (Step ])).  Owing 
to the larger surfaetant-sample size used here, twice 
the amount ot' ion exchange resins and solvents were 
emph)yed. 

Anionics were eluted from the anion exchange col- 
umn ace, ordillg to Ginn and Church (Step E l .  Excess 
sodiunl hydroxide was neutralized with sulfuric acid, 
and the solution was heated to near (]ryness on a steam 
bath. Extra(.tion with ,1!5% is()pr(lllyl alcohol (ASTM 
111681-5,()T) was repeated to separate the a(;tives from 
inorganic salts. Alcohol was boiled off, and the an- 
ilmie residue was dried to constant weight at 60~ 
in a va(:uunl  oven. 

Alkyl sulfates were hydrolyzed to their corresl)on(l-  
ing ah:ohols by refluxing the aliionic sample for 16 hi'. 
with 100 nil. of 2 N H2S(14 (Step F) .  The solution 
was neutralized with NaOIt  and extracted with petro- 
leunl ether to remove fa t ty  alcohols according to the 
l)reviously described method to remove neutral oils. 
Ethel' was h(filed off on a steani bath, and the fa t ty  
alcohols w(,re dried for 30 rain. at 60~ in a vacuum 
oven. Fa t ly  alcohols were analyz['d for total active 

hydrogen content by the Zerewitinoff determination. 
Carboxylates ( fa t ty  acids) were recovered by re- 

peating the petroleum ether extraction on the ani- 
onic solutions acidified to pH of 4 with sulfuric acid 
(Step G). 

I tydrotropes  were analyzed according to the method 
described by House and Darragh (7) (Step H) .  The 
remaining anionic solution was neutralized with so- 
dium hydroxide, using phenolphthalein indicator, and 
then boiled to near dryness on a steam bath. Fol- 
lowing this, the arrives were extracted with 95% 
isopropyl alcohol as previously described. Isopropyl 
alcohol was boiled off on a steam bath, and the residue 
was dissolved in 100 ml. of water;  50 ml. of 9 N sul- 
furic acid were added. The solution was extracted 
with four 50-ml. volumes of ethyl ether to remove 
alkylaryl sulfonic acids. Combined ether layers were 
given three washes with 30 ml. of 3 N sulfuric acid. 
Aqueous layers were combined, neutralized with so- 
dium hydroxide, and diluted with water to 700 ml. 
volume. Ultraviolet absorption spectrum of eac, h sohl- 
lion was measured by a Cary Re(;ording Speetropho- 
tom eter (Model 14). The amount of hydrotrope present 
was based on an absorption vs.  COlmentration calibra- 
tion curve for known compositions. 

Ether  was evaporated fronl the alkylaryl sulflmic 
acid solution (Step I), an(1 the sulfonic a(dds were 
neutralized with so(t i l lnl hydroxide by IIS;ilig a phe- 
nolphthalein indic.ator. Then the sltll'onales were 
extracted with 95% is(lpr<>pyl alcohol as previously 
described to renlove inorg'anic salts. Next the vohlme 
of the filtrate was nlado up to 500 nil. with isopr(lpyl 
alcohol, and a 50-nil. aliquoi was analyz<,(l for sodium 
ch lo r ide  by  ANTM l ) l f~81-SflT. Then a :l(10-nll. a l i quo t  
was heated to i l e a r  d r y l l eSs  on it s tea ln  b a t h  a l l d  ( t l l a l i  - 
t itatively t r a n s f e r r e ( I  l o a  t a r e d  1 ) l a t i nnn i  ( ' r ne i b l e .  
T h e  s o l v e n t s  w e r e  c v a l ) o r a t e ( I  on a s lean l  b a t h ,  a l l ( I  l t i e  
active residuc was (h'icd to constant weight ( •  1 n l o ' , )  

at 6()~ in a vaeulm~ oven. 
The dried sanl l i le  was ash('(I a(~('ording to ASTM 

D1681-59T, an(I its eonlhining weight was calculate(l. 
Where sodilnn ('tll()l'i([(' was presenl, it was necessary 
to correct for sodinnl (dlh)ri(le ill ill(' dried active resi- 
due and in the ash where the sol l iunl  ch lo r ide  was 
converted to soditlltl sulfate. 

I n f r a r e d  absor l) l i l )n analyses were r l l i i  Oil Nu jo l  

I n g r e d i e n t s  

Neu t r a l  oils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Nonionics  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sodium dodeeylbenzene  su] fonate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cmnbin ing  we igh t  of Na  D D B S  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T A B L E  u  
Q u a n t i t a t i v e  Ana lys i s  of Acl ives  

F o u n d  in de t e rgen t s  on li llh vd i.tltl s basis  ( ')/( ) Oil "/is is" basis  ( % ) 

A B 

0.4 ( 0 . 3 )  ~ 
0.4 

0.0 

34.3 (35.0) 
34.3 

:149.0 ( 3 4 8 )  
351 .0  

2.0 ( 2 . 4 )  
2 .0  

3.6 ( 4 . 0 )  
3.7 

10.3  ( 1 0 . 0 )  
10.1 

344.0 (a4s) 
346 .0  

Sod ium xylene su l fona te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Su l fa ted  s u r f a c t a n t  by di f ference  b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F a t t y  alcohol  f rom hydrolys is  of su l fa te  . . . . . . . . . . . . . . . . . . . . . . . . .  

F a t t y  a l coho l - ac t i ve  hyd rogen  con ten t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

To ta l  a r r ives  accounted  for  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a.] (3.0) 
3.1 

0.0 

0.0 

37.4  ( 3 8 . 0 )  
37 .4  

2.9 ( 3 . 0 )  
2.8 

lo.4 (1o.o) 
10.3 

6.2 ( 7 . 1 )  
6.5 

0 . 3 9 ( 0 . 3 6 )  

27.2  ( 2 7 . 0 )  
26.9  

0.2 
0.1 

7)4 
7.,~ 

4.3 
4.4 

:~2t4.0 ( 3 4 8 )  
335 .0  

0.0 

0.0 

1).0 

12.1 
12.1 

D 

O.2 (O.2) 
0.2 

5.1 ( 5 . 4 )  
5.3 

15.0 ( 1 5 . 2 )  
14.8 

3 4 7 . 0  ( 3 4 8 )  
3 3 9 . 0  

0.0 

11.2 ( 9 . 7 )  
11 .6  

7.6 ( 7 . 8 )  
7 .4  

0 . 3 2 ( 0 . 3 0 )  

31.3  ( 3 0 . 3 )  
31 .7  

a Composit ion was  (liffieuit to d rum-d ry ,  b Tot.M an ion ie s  - - ( A  (y a ry l so  fomtte -~ xyh,n(~ su l fonn te ) ,  (" Va lues  in p~lrenthes"s a re  theory .  
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mulls of the isolated nonionics, fa t ty  alcohols from 
hydrolyzed alkyl sulfates, and alkylaryl sulfonates. 

Discussion 
Table VI lists data (in duplicate) for quantitative 

analysis of the aetives. It  is evident that the method 
has given good results compared to theory for neutral 
oils, nonionics, sodium dodecylbenzene sulfonate, and 
sodium xylene sulfonate contents found. Neutral oils 
from Detergents B and D were contaminated with 
fat ty  amides and therefore were saponified with alco- 
holic NaOH. The purified neutral oils were recovered, 
following petroleum ether extraction. Detergent C 
neutral oil was contaminated with fat ty aleohol-EO 
condensate. In this ease the purified neutral oils 
were extracted with petrolenm ether, following pre- 
cipitation of the nonionic with phosphotungstic acid. 
Anlounts of contaminants removed from the neutral 
oils were added to the nonionics recovered from the 
ion exchange effluent. 

Although good wflues were obtained for nonionic 
contents, in some cases the residue from the ion ex- 
change effluent appeared to be slightly contaminated 
with resin. Dissolving tile effluent residue in iso~)ropyl 
alcohol, filtering, and evaporating the alcohol appeared 
to correct this error. Alkyl sulfate content was deter- 
mined by difference: total anionics less the sum of 
alkylaryl sulfonate and hydrotrope. Good results are 
shown for the alkyl sulfate in Detergent B, but values 
for Detergent D are high. lit is possible that the sam- 
ple may have been contaminated with ion exchange 
resin at this point. Calculating the alkyl sulfate con- 
tent by loss of anionic weight before and directly 
after hydrolysis may have provided better results. 
No significant amounts of carboxylates ( fa t ty  acids) 
were found. 

Fa t ty  alcohols from the hydrolysis were analyzed 
for total active hydrogen content. They are in agree- 
ment within limits of test precision with vahles for 
alcohols from the original samples. Low recovery for 
fa t ty  alcohol from Detergent B may result from vola- 
tilization during drying of the extract. 

Combining weights of the sodium dodeeylbenzene 
sulfonates recovered are in good agreement with 
theory except those for Detergent C, which are a 
little low. 

Infrared absorption spectra of the nonionies, so- 
dium dodecylbenzene sulfonates, and fat ty  alcohols 
from hydrolysis of alkyl sulfates were generally com- 
parable to spectra for the original samples of actives. 

The scheme presented will provide suitable com- 
mercial analytical data for active ingredients from 

detergent compositions. Actives composed of mixed 
anionics and nonionies can be quantitatively analyzed. 
In case a mixture of fat ty alkanolamide and ether type 
nonionic are recovered in the ion exchange effluent, 
they can be separated following saponification of the 
amide and extraction of the fat ty acid. On the other 
hand, two ether type nonionies would be difficult to 
separate. Fa t ty  isethionate, for example, would not 
be recovered intact by this scheme since it is reported 
to hydrolyze during elution from the anion exchange 
resin (3). Soaps however could be analyzed by this 
method. 

The total elapsed time for analysis of a surfaetant 
mixture by this scheme is about 40-60 working hours. 
For certain products this amount of time can be 
justified to obtain a complete active characterization. 
Once this is done, analysis of the anionic portion of 
similar samples could be run by cationic titration 
before and after acid hydrolysis to check for sul- 
fonate and sulfate contents. Running this on the 
original samples of built detergents saves a consider- 
able amount of time. The active would need to be 
extracted with isopropyl alcohol only for subsequent 
nonionic analysis by ion exchange. 

Summary 
A scheme has been presented for the separation of 

active ingredients from built detergent cmnpositions 
and subsequent analysis of active components. A(;- 
tive components investigated are those commonly en- 
countered in practice. Data obtained are in good 
agreement with expected values. The main difficulty 
encountered was the characterization of a fat ty al- 
cohol-EO sulfate which gave higher than expected 
vahles for its analyzed content, i t  was also difficult 
completely to charac ter ize  this f a t t y  alcohol-EO 
sulfate. 
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Detoxification and Deallergenization of Castor Beans 1 
H. K. GARDNER, JR., E. L. D'AQUIN, S. P. KOLTUN,  E. ]. McCOURTNEY, H. L. E. VIX, and 
E. A. GASTROCK, Southern Regional Research Laboratory, 2 New Orleans, Louisiana 

D 
U R I N G  T H E  PAST F O U R  Y E A R S  acreage planted to 
castor beans has increased almost five-fold, from 
5.1 to 24.0 thousand acres, and the annual do- 

mestic production has increased almost fifteen-fold, 

1 Presented  a t  the fall meeting, Amer ican  Oil Chemists '  Society, Los 
Angeles, Calif., September 28-30 ,  1959.  

One of the laboratories  of the Southern  Utilization Research  and  
Development  Division, Agr icu l tu ra l  Research  Service, U. S. Depar tmen t  
of Agr icul ture ,  New Orleans, Louis iana .  

from 3.4 to 49.9 million pounds (1). This is attributed 
to the development of high-yielding bean varieties and 
improved harvesting machines. These improvements 
have made production of this crop more attractive to 
farmers as a replacement for crops in surplus supply 
or with acreage restrictions. 

A very important economic factor affecting the 
further  development of castor beans is that the meal 


