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Sulfation with Sulfur Trioxide 
Long-Chain Alcohds 

Ethcnoxylated 

EVERETT E. GILBERT and BENJAMIN VELDHUIS, General Chemical Division, 
Allied Chemical Corporation, Morristown, New Jersey 

S ULFATED ETHENOXYLATED long-chain  alcohols are 
of increasing interest  as detergents  because of 
favorable detergency, solubility, and cost (2). 

The prepara t ive  procedure involves reaction of a 
long-chain alcohol derived f rom animal  fats, coconut 
oil, or pet roleum with any  desired ratio of ethylene 
oxide to form a mixture  of polyether alcohols, which 
is then sulfated and neutralized for  use. 

Various reagents  have been used experimental ly  
for  the sulfat ion step (Table I ) .  Chlorosulfonic acid 
without a solvent has been most general ly employed 
commercially. The purpose of the present  s tudy  is 
to evaluate it in comparison with a newer reagent,  
sul fur  trioxide vapor,  which is commercial ly avail- 
able f rom stabilized liquid sulfur  trioxide marketed  
u n d e r  the t r a d e  n a m e  " S u ] f a n "  (5). 0 n l y  one 
patent  reference was noted (1) on sulfat ion of an 
ethenoxylated long-chain alcohol with sulfur  trioxide 
in vapor  form although this reagent  has shown prom- 
ise with long-chain alcohols and with ethenoxylated 
alkylphenols (3). Sul fur  trioxide with liquid S02 
solvent is used to only a minor degree industr ial ly  
because of the difficulty in recovering and recycling 
the solvent. 

Raw Materials 
Samples used in the present  study, as obtained 

f rom five different commercial sources, are listed in 
Table I1;  A - D  were liquids, E and P solids, melt ing 
below 35~ 

Experimental Procedure 
Sulfation. The sample (200-400 g.) was sulfated 

with sulfur  trioxide vapor  diluted with d ry  air  by 
the method previously used by  the authors for  sul- 
fa t ing  lauryl  alcohol (6). I I ea t  evolution was s teady 

1 F o r  p r ev ious  p a p e r s  in th i s  ser ies  see (3)  a n d  other  r e fe rences  cited 
the re in .  

T A B L E  I I  
D a t a  on R a w  Mate r i a l s  S tudied  

Sample  Aleoi~ol wt.a  Mol. Approx .  moles oxide 

A .................................................... L a u r y l  334 3 
B ................................................... LaurF1 338 3 
C .................................................... Tr ideeyl  325 3 
D ................................................... T r idecy l  332 3 
E ................................................... Tal low b 440 4 
F .................................................... Tal low 425 4 

~' As r epor t ed  by  m a l m f a c t u r e r .  
S ta ted  to comI)rise 6 5 %  s teary l  and  3 5 %  cetyl alcohols. 

dur ing sulfation (15 to 30 rain.) ;  external  cooling 
was used as necessary to mainta in  a reaction tem- 
pera ture  of 25-35~ for  liquid samples A D, or 
50-55~ for  solid samples E and F, which were 
sulfated as melts. These two samples were premelted 
before su]fat ion;  below 45~ foaming was excessive 
with these materials.  Weight  loss dur ing  sulfat ion was 
less than 2%, based on total  weight of both reagents. 

Chlorosulfonic acid was added dropwise with stir- 
r ing and cooling to 25-35~ for liquid samples A-D,  
or 40-50~ for  solid samples E and F, which were 
sulfated as melts. No difficulty was experienced with 
s t i r r ing even though no solvent was used. Dur ing  the 
addition of the first half  of the acid there was no 
gas evolution, but heat evolution was substantial,  cor- 
responding to the sum of the heat of sulfation and 
the heat of solution of hydrogen chloride. Toward 
the end of the acid addition, endothermie evolution 
of hydrogen chloride occurred, and heating was re- 
quired to mainta in  the desired tempera ture  range 
until  the evolution ceased. The reaction t ime (20-45 
rain.) was somewha t  longer with this reagent  be- 
cause of substantial  foaming dur ing the final stage 
of reaction. 

Neutralizations. To avoid gelation the acid sulfates 
prepared  with both reagents were neutralized dif- 

T A B L E  I 
Sul fa t ion  of E thenoxyla ted  L o n g - C h a i n  Alcohols -Li te ra ture  S u m m a r y  

f   olos l Alcohol ethylene R e a g e n t s  used  Refe rence  

T r i m e t h y l n o n a n o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  oxide 
Buty loe tane l  ........................................................................ ~.'~.'.' ............. . . . .s  3, 5 1 0 0 %  I-IfSO~ wi th  d ioxane  8 

3 - 5  1 0 0 %  I-tfSOa; SOs wi th  l iquid  S02 10, 11 
Tr idecy l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 - 1 0  1 0 0 %  I4~SOa; S e a  wi th  l iquid SO=; SOs v a p o r ;  

C1SOsIt w i t h  ethyl o ther ;  N H e S 0 3 t t  1, 7 
E thy lme thy lundecano l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1 0 0 %  I-IfSO~ wi th  C01a; SOs in l iquid SO.a , 9 
I-Iexa-, oetadeeanol  ........................................................................................ 2, 10 01808/-I w i t h  te t rach loroe thylene  ] 2 
L au ry l ,  oleyl, etc ........................................................................................... 1 - 3  C1SOatI (no solvent)  ; C1SOaH wi th  u r e a  [ 13 
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Sample 

From SOn a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  91 94 
From ClSOz a ......................................................................................... 
Color d ......................................................................................... 75 95 
Yield a ......................................................................................... 81 85 

97 100 
.... 1~ 

160 170 17 
87 87 90 

94 97 

15 115 110 
93 84 87 

100 107 b 
~g ld~ l~g~ 1~ ~ 33 37 35 

88 91 85 90 93 

C D 

From SOa ................................................................................... 95 100 95 100 105 b,c 110 115 . . . . . . . .  
1~rom C1SO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 100 105b, c 110 115 120 
Color .......................................................................................... 1"75 185 75 90 l i 5  165 2'80 405 25 30 30 30 32 
Yield . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 90 88 84 87 91 90 91 90 94 94 94 94 

:Urom SOz ............................................. E P 105 110 b,e 117 . . . . . . . . . . . .  05 100 105 1 1 0  1 1 5  . . . . . . . .  
F . . . .  ClSO ........................................... I . . . . . . . .  92 96 104 110 b . . . . . . . . . .  100 105 110 115 
Col ...................................................... 125 150 185 50 50 50 70 115 125 140 300 460 50 55 50 50 
Yield ..................................................... 84 86 92 72 77 83 87 84 87 92 93 94 89 91 96 96 

a Expressed as mole percentage of tile reagent used, based on molecular weight given in Table I I .  
b Performance data on this sample given in Table IV. 
e I n o r g a n i c  salt analysis of these samples given in text. 
a See text for significance of color and yield values. 

ferent ly  f rom the procedure used for  ]auryl  sulfate 
(6). Typical ly  450 g. of acid sulfate f rom Sample B 
and 208 g. of 20% aqueous sodium hydroxide were 
added simultaneously, over 30 min., with s t i rr ing and 
cooling to 50~ to 100 ml. of water  and 200 ml. of 
95% ethanol in a beaker. The p H  was mainta ined at  
7 to 10. F ina l ly  10 ml. of sa turated aqueous sodimn 
bicarbonate were added to p H  9 to 10. The result ing 
solution contained about 50% of sodimn organic 
sulfate. 

Product Analysis. Color values were determined 
on 15% aqueous solutions (active-ingredient basis) 
in a Kle t t -Summerson Photoelectric Colorimeter, Test 
Tube Model, using No. 42 filter. (The products  f rom 
samples E and F were diluted with 50% aqueous 
ethanol because of a tendency to gel.) The lower the 
number,  the l ighter  the color (0 = colorless ; 200 = 
light yellow). Colors were measured immediately 
a f te r  p repara t ion  since the samples bleach spontane- 
ously on standing. 

Active-ingredient  content, used as the basis for 
yield-calculation, was obtained by qua te rnary  t i t ra-  
tion following the method of Ep ton  (4) except that  
a 0.0054 molal solution of HyamJne 1622 (Rohm and 
Haas  Company)  (14) was substi tuted for  cetyl pyri-  
dinium bromide, which is less stable. 

Sodium chloride content was determined by the 
Volhard method (12). Sodium sulfate content was 
obtained by ethanol precipi tat ion (12), followed by 
resolution in water  and precipi tat ion as bar ium sul- 
fate  to eliminate the chloride ion present  as sodium 
chloride. 

Experimental Results 
The experimental  data  obtained at vary ing  ratios 

of sulfa t ing agent  are given in Table I I I .  The fol- 
lowing conclusions were drawn. 

C o l o r .  C h l o r o s u l f o n i e  a c i d  g i v e s  l i g h t e r  p r o d u c t  colors  t h a n  
s u l f u r  t r i o x i d e  w i t h  al l  s a m p l e s  t e s t ed .  H o w e v e r  t h e  l a t t e r  
r e a g e n t  in  all  cases  a t  o p t i m u m  y i e l d  f o r m s  p r o d u c t s  con- 
s i d e r e d  s u i t a b l e  f o r  h o u s e h o l d  d e t e r g e n t  use.  W i t h  ehloro-  
s u l f o n i c  ac id ,  p r o d u c t  color  is i n d e p e n d e n t  of  the  r a t i o  u sed  
whi l e  w i t h  s u l f u r  t r i o x i d e  the  co lor  d a r k e n e d  w i t h  i n c r e a s i n g  
p e r c e n t a g e .  

Y i e l d .  Chlo rosu l fon i c  a c i d  g a v e  a s l i g h t l y  b e t t e r  (2 to 5 % )  
y i e ld  of  a c t i v e  i n g r e d i e n t  w i t h  f o u r  s a m p l e s ,  a b o u t  t he  s a m e  
w i t h  one, a n d  s l i g h t l y  less w i t h  one.  

I n o r g a n i c  S a l t  C o n t e n t .  S u l f u r  t r i o x i d e  g a v e  p r o d u c t s  w i t h  
c o n s i d e r a b l y  l ow er  s o d i u m  s u l f a t e  c o n t e n t  t h a n  t he  o t h e r  re-  
a g e n t ,  pos s ib ly  b e c a u s e  o f  the  d i l u e n t  a i r  s t r e a m .  T h u s  S a m p l e  
D, s u l f a t e d  w i t h  1 0 5 %  s u l f u r  t r i ox ide ,  a n a l y z e d  0 . 3 %  s o d i u m  
s u l f a t e  b a s e d  on a c t i v e  ingred ie l~ t ;  the  s a m e  s a mp le ,  s u l f a t e d  

w i t h  1 0 5 %  c h l o r o s u l f o n i c  ac id ,  a n a l y z e d  8 . 5 %  s o d i u m  ch lo r ide  
a n d  2 . 0 %  s o d i u m  s u l f a t e .  S a m p l e  E ,  s u l f a t e d  w i t h  1 1 0 %  
s u l f u r  t r i ox ide ,  h a d  0 . 3 %  s o d i u m  s u l f a t e ;  1 1 0 %  c h l o r o s u l f o n i c  
a c i d  g a v e  7 . 0 %  s o d i u m  ch lo r ide  a n d  0 . 9 %  s o d i u m  su ] fa fe .  
Th i s  s u b s t a n t i a l  d i f f e r e n c e  in  the  c o n t e n t  of  i n o r g a n i c  sa l t s  
w a s  n o t  r e f l e c t ed  in  p e r f o r m a n c e  t e s t s  h o w e v e r .  A s  m i g h t  be  
ex p ec t ed ,  h y d r o g e n  ch lo r ide  r e t e n t i o n  in  r e a c t i o n  m i x t u r e s  p re -  
p a r e d  w i t h  c h l o r o s u l f o n i e  ac id  is s u b s t a n t i a l .  J u d g i n g  f r o m  
w e i g h t  loss f o r  19 runs ,  h y d r o g e n  ch lo r ide  e v o l v e d  v a r i e d  f r o m  
3 1 %  to 6 6 %  of  t h e o r y .  A f inal  p r o d u c t  a n a l y s e s  o f  7 . 0 %  a n d  
8 .5% s o d i u m  ch lo r ide  (on  a c t i v e )  c o r r e s p o n d e d  to 4 7 %  a n d  
4 3 %  e v o l u t i o n  of  h y d r o g e n  ch lor ide .  

Use of a reaction solvent in which hydrogen chlo- 
ride is slightly soluble (such as chloroform) would 
undoubtedly result  in more complete evolution. 

Performance Tests 
Comparat ive  performance  data on products,  ob- 

tained by react ing the same weight percentage of each 
reagent  with one of each of the three types  of con- 
densate studied, are summarized in Table IV. I t  is 
noted that  the results show that  the two reagents 
yield sulfates of closely similar per formance  in all 
cases except the Draves Wet t ing  Time for  Sample E. 
This difference is not considered significant since both 
nmnbers  are large. 

Sulfating Agents Compared 
Comparison of the two reagents, ehlorosulfonie 

acid and sulfur  trioxide vapor,  shows the following 
based on the results obtained in the present  study. 

Reagent  e~st, per  unit  weight of su l fur  trioxide 

TABLE I V  
Summary of Performance Data 

Sample B D E 

Igeagent ............................ 
Pm'centage ........................ 

Wetting" time a ................... 
Fo.amina power 

D~V b ........................... 
I~W c ........................... 

Deter~oney d 
DW e 0.I ..................... 

0.2 ..................... 
0.3 ..................... 

H W  ~ 0.I  ..................... 
0.2 ..................... 
0.3 ..................... 

SO~ ClSOatI 
107 105 

52 49 

145 145 
185 185 

17 14 
15 13 
12 12 

3 7 
3 5 
0 0 

SOn C1SOztt 
105 105 

28 32 

135 145 
216 205 

11 11 
11 9 
11 10 

4 4 
6 2 
4 4 

SOn C1SOztt 
110 110 

173 132 

110 115 
15 15 

25 25 
22 26 
20 21 
18 22 
13 16 
11 13 

a Draves (Synthron Tape Method) in seconds at 25~ 0.1%solution. 
b P~oss-Miles in distilled water  at 0.05%. 
c Ross-Miles in 15-degree hard water  at 0.2%. 
a Expressed as percentage of brig'htness increase in Launder-Ometer. 
" In distilled water  co~taining 0.5% added sodium chloride, at per- 

centages giw'n. 
f In 15-degree hard water containing 0.5% added sodium cMoride, at 

percentages given. 
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introduced, is approximate ly  half  for  sulfur  trioxide 
compared with ehlorosulfonic acid at current  bulk 
prices. 

With  sulfur  trioxide there is no format ion of hy- 
drogen chloride, the reaction time is shorter, and 
heat  evolution and foaming are balanced while these 
of ehlorosulfonie acid are unbalanced. Total  evolution 
of heat is greater  with sulfur  trioxide, and vaporiza-  
tion of this reagent  is required. 

Sul fur  trioxide gives no sodimn chloride and con- 
siderably less sodium sulfate. This reagent  gives 
products  of darker  but  acceptable color in yields 
which are the same or slightly lower. Product  per- 
formance with the two reagents is the same. 

A pract ical  a l ternat ive process to the use of either 
pure  reagent  comprises employing chlorosulfonic acid 
as the sulfat ing reagent,  with collection of the evolved 
hydrogen chloride in a tail tower charged with Sulfan, 
thereby regenerat ing chlorosulfonie acid for re-use. 
The engineering factors involved in this modification 
have been discussed by  the authors in an earlier pub- 
lication (6). This approach is often well suited to 
existing installations nsing chlorosulfonic acid since 
reagent cost is reduced, plant  and process changes are 
minor, hydrogen chloride disposal is eliminated, and 
product  qual i ty  is unchanged. Obviously the extent 

to which this subst i tut ion can be effected depends 
upon the efficiency of hydrogen chloride evolution, 
which in the present  process is at most about two- 
thirds of theoretical. 
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Composition of Zelkova Seed Oil 
C. Y. HOPKINS and MARY J. CHISHOLM, National Research Council (Canada), Ottawa, Canada 

T HE Japanese  Zelkova tree, which grows to a 
height of 100 feet, is native in Eas te rn  Asia. 
St is ha rdy  in the nor thern  hemisphere and is 

grown as a shade tree in Nor th  America.  The grey- 
ish-brown seeds are abo.ut 3-4 ram. long, roughly 
te t rahedra l  in shape, and wingless. The kernel  is 
white, soft, and oily. There appears  to be no pub- 
lished informat ion on the oil. 

The tree is known botanically as Zelkova serrata 
and belongs to the genus Zelkova of the fami ly  
Ulmaceae. I t  was chosen for  this investigation be- 
cause one genus of Ulmaceae, namely Ulmus, which 
includes the common elm tree, has been regarded as 
unique in having eapric acid as the chief f a t t y  acid 
in the seed oil. Three species of Ulmus have been 
shown to exhibit this characteristic, U. campestris 
(1), Manchur ian  elm (2), and U. americana (3). 
A complete analysis of the seed oil of the last-named 
species was reported (4). Cupric acid amounted to 
61% of the total  f a t t y  acids. 

Examples  of two other genera of Ulmaceae, Celtis 
and Trema, did not yield cupric acid or any  acids 
of chain length shorter than  C16 (5). 

In  the present  work the seed oil of Zelkova serrata 
was found to contain capric acid to the extent of 
73% of the total  f a t t y  acids, the highest proport ion 
found up to the present  t ime in any  na tura l  oil or 
fat. All of the even-numbered carbon sa tura ted  acids 
fronl Cs to C~s were present. The general composi- 
tion was similar to that  of the oil of Ulmus americana. 

Presented a t  the fall meeting, American Oil Chemists' Society, Chi- 
cago, Ill., Oct. 20 -22 ,  1958. 

'z Issued as N.Y.C. No. 5176.  

Thus these two genera, Uhnus and Zelkova, share the 
distinction of high capric acid content. 

Experimental 
Seed of Zetkova serrata, Makino (grown in J a p a n ) ,  

was obtained f rom a commercial  seed house. The seed 
was ground in a Wiley mill, the moisture content was 
determined, and the oil was extracted with petroleum 
ether. The oil co~tent was 21.7% on a 10% moisture 
basis. The constants were as follows: 

I o d i n e  v a l u e  ... . . . . . . . . . . . . . . . .  12 .9  A c i d  v a l u e  ... . . . . . . . . . . . . . . . . . . . . . .  1 1 . ,  ~ 
S a p o n i f i c a t i o n  v a l u e  . . . . . .292.1 F r e e  a c i d  a s  c a p -  
U n s a p o n i f i a b l e  m a t -  t i c ,  % .... . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .4  

t e r ,  % .... . . . . . . . . . . . . . . . . . . . . .  0 .87  G l y c e r o l  y i e l d ,  % ............... 13 .6  

The petroleum ether distilled f rom the extracted 
oil was examined and found to contain no acid. The 
oil was washed with water,  and the washings were 
also neutral .  Thus there was no free water-soluble 
acid in the oil. 0 n  saponification a small amonnt  of 
volatile water-soluble acid was found. The Reichert- 
Meissl value was 4.8. I f  calculated as eaproic acid, 
this is equivalent to 1.2% of the total  f a t t y  acids. 
The PoIenske value was 43 8, indicating a consid- 
erable content of acid in the Cs-C~2 range. 

A port ion of the oil was converted to methyl  esters 
and examined by gas chromatography.  The column 
was one meter  in length and was packed with Apiezon 
}I vacuum grease on Celite. The detector was a 
thermistor  type  of thermal  conductivi ty cell. The 
lower-boEing esters were chromatographed at  150 ~ 
and a helium flow rate of 75 ml. /min.  The higher 


