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Abstract 
A large number of aliphatic ah, ohohs have been 

studied to relate performance of the derived sur- 
faetants to s t ructure and molecular weight. The 
alcohols were examined as sulfates, et.hoxylates, 
and ethoxysltlfates in heavy- and l ight-duty com- 
positions. Clear points and surface tensions of 
aqueous solutions were determined. Cotton 
detergency was evaluated in a bench-scale test 
by using artificially soiled test cloths. Foam 
performance was measured in a soil t i trat ion test. 
In  general, excellent performance is observed with 
derivatives which have 70% or greater  n-pr imary 
alcohol content. The odd-numbered alcohol de- 
rivatives contribute significantly to optimmn 
performance. 

Introduction 

T ii~ WIDeSPreAD It,-TE~ST in reducing the pollution 
of water resources has led the detergent  industry 

to seek sources of biodegradable surfactants. In  this 
context an investigation was undertaken to assess the 
influence of structure and molecular weight of 100% 
pr imary  alcohols on some surface properties and 
some performance responses of surfactants readily de- 
rived from them. These pr imary aleohols, which were 
considered accessible for commercial development, 
were prepared on a laboratory scale. For  convenience 
in comparing and clarifying the influence of changes 
of molecular structure on the various properties, the 
derivative alcohol sulfates, ethoxysulfates, and eth- 
oxylates have been considered to arise from parent  
alcohols classified in three groups: a) the normal 
pr imary  alcohols C** through Cls (PAI )  ; b) the nor- 
real pr imaiT alcohols C~ through C~9 plus the cor- 
responding 2-a]kyl isomers (predominantly 2-methyl) 
in the ratio 75 normal to 25 isomeric ( P A I I )  ; and e) 
a ndxture of C12 through C15 pr imary  alcohols (in 
the ratio 20/30/'30/20), in which the ratio of normal 
alcohol to 2-alkyl isomer varied. For  comparison, sur- 
factants were prepared from some Cla and Cls pri- 
mary alcohols of different structure as well as some 
secondary alcohols. Although a large number of 
studies of sarfaetants  derived from normal pr imary  
alcohols have appeared (1,3,4), similar results are 
included for direct comparison with those obtained on 
compounds for which data are not reported. 

Experimental  Procedures 
Preparation of Stzaight-Chain and Isomeric Alcohols 

The data in Table I summarize the analyses which 
were obtained on the straight-chain and ismnerie 
alcohols used in this investigation. The major i ty  of 
the alcohols were purchased or synthesized by un- 
equivocal routes using' well-recognized procedures. 
Two materials require fur ther  comment  

C~a Guerbet Alcohols. Cla Gnerbet alcohols were 
prepared by the Guerbet condensation of equimolar 
amounts of 1-hcxanol and 1-heptanoh GLC analysis 

* Presen ted  a t  the AOCS Meeting, Chicago, October 1964.  

showed the resultartt mixture to contain: 2-butyl-1- 
octanol, 3% ; 2-pentyl-l-octanol, 47% ; 2-butyl-1- 
nonano], 4 9 % ;  and 2-pentyl-l-nonanol, 1%. 

C~ Guerbet Alcohols. C15 Guerbet alcohols were 
made by the Guerbet condensation of equimolar 
amounts of 1-heptano] and ]-octano]. GLC analysis 
showed the resultant mixture  to contain: 2-pentyl-l- 
nonanol, 1%;  2-hexyl-l-nonanol, 49%;  2-pentyl-1- 
decanol, 48%;  and 2-hexyl-l-decanol, 2%. 

Preparation of _~lcohol Derivatives 
Sulfates and Etho:rys,ulfates. These were prepared 

by allowing the alcohols and cthoxylates to react with 
chlorosu]fonie acid. Conversions were better than 
98% with pr imary  alcohols. Excessive amounts of 
unreaeted organic mat ter  were removed from the 
secondary alcohol sulfates and ethoxy-snlfa%s by 
petroleum ether extraction of watcr/ isopropanol  solu- 
tions. Anionic snrfa.ctant was determined by methy- 
lene blue t i t rat ion (2). Petrolemn ether extracts were 
analyzed for nnreacted hydroxyl  by using an acetic 
anhydride technique. 

Ethoxylabions. Ethoxylat ions were carried out by 
using NaOH catalyst with pr imary alcohols and BFa 
with secondary alcohols. GLC analyses of the (EO)a 
ethoxylates show that  the pr imary and secondary 
alcohol ethoxylates both contain 12-15% unethoxy- 
luted alcohol. Average ethylene oxide ( E 0 )  content 
was determined by weight and by NMR analysis. 

Preparation of Detergent Solutions 
Unformulated sl lrfactant solutions were made by 

using' distilled water. Built  detergent solutions were 
prepared with water having a hardness of 150 ppm 
as CaCOa ( C a / ~ [ g =  60/40) to correspond to the 
following compositions. 

Heavy-Du~y, High-Foaming Sob;ds ( I IDIIFS) .  
H D H F S  consists of sodium alcohol sulfate/sodium 

T A B L E  l 
Analyses of C1, Through  Ca8 n - P r i m a r y  and Cla and 01~ Isomeric Alcohols 

Alcohol 

Hydroxyl  
GLC value 

puri~y e q / 1 0 0  g 
7; 

Calc. Found 

Boil ing point 

r mm V~g 

n-Prlma~'y 
1-Undecanol 97 0.582 0.585 
1-Dodecanol 99 0 .537 0,538 1 4 7 - 1 4 8  15 
1-Tridecanol 99.5 0 .500 0.500 170 20 
1-Tetradccanol 99 0.zi67 0.465 1 7 0 - 1 7 2  15 
1-Pentadeeanol  99 0 .438 0.436 188 0.8 
1- t texadeeanol  96 0.413 0.429 
1 H6ptadcc~nol  95 0 .397 0.403 
1-Octadecanol 98 0 .370 0 567 

Isomv'rlc C1~ 
2 ,~[ethyl- 

1-dodecanol 08 0 ,500 0.498 92 0.5 
6=~[ethyl- 

1-dodeeanol 99 0 .500 0.508 140 6 
Cla Guerbet 

alcohol~ 0 .500 0.493 101 192 0.2 
2-Trldoeanol 98 0 .500 0.520 147--151 10 
7-Tridecanol 97 0 .500 0.507 

I somer ic  C1~ 
2 ~Iethyl 1 

te t radecanol  a 99 
C~ Guerbet  

alcohols 0 .438 0.440 148 3 
2-Pentadec~nol 98 0 .438 0.439 133 0.4 
7-Penladecanol  98 0 .438 0.437 1 2 8 - 1 3 0  0.6 

a ~ p ,  31.5C. 
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tripolyphosphate ( S T P P ) / s o d i u m  silicate (SIC2/ 
N a a O =  2A0)/sodium sulfate (20/ '45/7/23) The re- 
nmining 5% consists of unsulfated aleohol (2% based 
on aleoboI sulfate for Cll through C15; 5% for 
Ci6 through 018) and water. 

He(~vy Duty, Low-Foamlng Sol, ids (HDLFS). This 
consists of alcohol e thoxyla te /STPP/sod ium silieate 
(SiO2/Na~O = 2.40)/'sodium sulfate/water  (10 /55 /5 /  
20/I0). 

Light-Duty Liquid (LDL). Light-duty liquid con- 
sists of ammonium alcohol lEO)3 mflfate and water. 

Determia~ation of Properties 

Surface tensions were determined by the ring method 
(ASTSI D 971). Clear points were measured by 
cooling 25 g of solution to 5C below the previously 
determined approxinmte clear point and then warm- 
ing (0.1 deg/nlin)  while gently st irr ing with a 
thermometer unti l  the solution cleared. 

Determination of Performance 

Cotton Detergency. This test was run in a Terg- 
O-Tometer for 20 rain at 50C and 150 rpm, using 
four  10-era • 10-em pieces of cotton fabric (one moiled ; 
three unsoiled h ld ian  Head Muslin) in 500 ml of 
built  detergent solution. Washed-minus-soiled (W-S) 
reflectances (four replicates) were obtained by using 
three cotton soiled cloths (Foster  D. Snell, Test- 
fabrics Inc., 51347, and United States Testing Con> 
pany) ,  and the over-all average was computed. The 
detergency rat ing is this average expressed as a per- 
eentage of the corresponding quant i ty  for a reference 
compound which is used at a concentration of 0.040% 
active matter. In  the ease of alcohol sulfates a linear 
alkylbenzene snlfonate (LAS, average alkyl group 
C12.6) was used in tile I I D H F S  eomilosition; for 
alcohol ethoxylates a 40/36/24 mixture of n-C14/ 
C13/Cls lEO)9 in the H D L F S  composition was used. 
A difference of 5% in deterglmey rating is required 
for two detergents to differ at the 95% confidence 
level. 

Foam Performa,tl.ce. The l)ynamie Foam test de- 
vdoped  by Spangler (8), with Criseo on cotton ter ry  
cloth swatches and a 46C init ial  detergent, sohltion 
temperature,  was used. Foam performance (four 
replicates per  datum) is expressed as a percentage of 
a reference compound at a concentration of 0.025% 
active matter. For  alcohol sulfates the linear alkyl- 
benzene sulfonate was used in the I t D I I F S  com- 
position; for the ethoxysulfates, ammonium coconut 
alcohol (EO)3 sulfate in the LDL formulation was 
used. A difference of 7% in performance rating is 

T A B L E  l [ 
Effect (if Alcohol Ca rbon  N u m b e r  on Cotton De te rgency  of P A  I a a n d  

P A  I I  b Sul fa tes  in  H D t I F S  a n d  Eghoxyla tes  in  H D L F S  

D e t e r g e n c y  [~,atin g e 
Alcohol 
c&rbo~t Sul fa tes  a Gthoxylatese,  f 
i t umbe r  

P A  I P A  II P A  I P A  I I  

11 59 56 ] l l  119 
12 61 65 112 112 
]3  96 94 112 111 
14 113 115 111 114 
15 117 117 108 111 
16 t l O  114 iii 111 
17 121 l l O  106 108 
13 114 116 107 105 

a n - P r i m a r y  alcohols. 
b 7 5 %  n - P r i m a r y  alcohols q- 2 5 %  2-alkyl isomers .  
r T e r g - 0 - T o m e t s r  test,  150 p p m  h a r d n e s s .  R e f e r e n c e s ~ H D I ~ F S :  

L A S ( C ~ . ~ )  ~ l O 0 ;  I I D L F S :  C~/~s,&s ( E O ) , ~ 1 6 0 ;  cone., 0 . 0 4 0 %  ac- 
t ive  m a t t e r ,  

~/ Concen t r a t i on ,  0 . 0 4 0 %  alcohol sulfate .  
~ 6 2 %  E t h y l e n e  oxide ia ethoxylate .  
* C o n c e n t r a t i o n  0 , 0 4 0 %  alcohol e thoxylate .  

TABLE III 
Effect  of Alcohol Ca rbon  N u m b e r  on Clear P o i n t  a n d  Sur face  

Tens ion  of U n b u i l t  Alcohol Sulfate~ S o h t i o n s  

Clear ~oi111, ~ Sur face  Tens ion  
Alcohol d y n e s / c m  at  50C 
eF~rbon 
n u m b e r  P A  I b p a I I~  PA ] DA TI 

1 ~ 5 l 0  1 5 l 0  1 5 1 5 

11 11 13 14 8 11 13 35 ,4  33.4 34.8 30.3 
12 16 18 ]8  14 16 17 33.1 29.9 33,1 29,5 
13 27 31 25 27 29 33,]  29.9 33.9 3L.3 
14 31 34 35 28 31 32 32.6 30.6 34.6 30.7 
15 40 43 44 38 40 42 83.4 30.3 32,5 30.1 
16 45 46 47 41 44 45 31.7 29.6 31.7 3 0 [  
17 51 52 52 49 49 50 31.2 30.4 31.7 23,2 
18 ( 5 2 )  e ( 5 7 )  ( 5 4 )  ( 5 0 )  31.4: " 32.2 

a E x t r a c t e d  w l t h  pe t rv l*um elhm" to remove m i s u l f a t e d  Mcohol, Less  
thal~ 0 . 5 %  i n o r g a n i c  salts  (Na2S04, traeou of NaaO0a) ,  based on al- 
cohol sulfa te  (except  Cls P A  11 sulfa te  w h i c h  ha s  0 . 9 %  i n o r g a n i c  sal ts) .  

I: n P r i m a r y  alcohol. 
c 7 5 %  n - I ' r i m a r y  alcohol -7 2 5 r ~  2-a]kyl isomers.  
4 P e r c e n t a g e  solut ion.  
'~ ADprox imMe values. 

required for two dctcl'gcnts to differ at the 95% 
confidence level. 

in  both of these tests the perforumnee of the ref- 
erence materials has been replicated at ]east 20 
times. 

R e s u l t s  a n d  D i s c u s s i o n  

Effect of Varying Carbon Number 

Cotto'n Detergency. The cotton-washing perfor- 
mance (relative to the linear alkylbenzene sulfonate) 
in the Terg-O-Tometer test is shown in Table I I  for 
the series of straight-chain alcohol P A l  and P A I I  
sulfates. For  both series of compounds, the Cn  and 
C~2 members are notably less effeetiw~ in soil removal 
than the higher members. The C1a eompounds in both 
series are intermediate in performance, and for Of 4 
through Cls the performance becomes independent of 
chain length. Within the statistical limits of the test- 
ing procedure, the P A I I  sulfates, eontainhlg 75% n- 
pr imary  and 25% 2-alkyl isomers, are indistinguish- 
able from the P A I  sulfates in this H D t t F S  formula- 
lion. The surface-tension lowering at concentrations 
where the surface tension is relatively independent of 
concentration, i.e., above the critical mieellc concentra- 
tion (CMC), is shown in Table I I I  for these two 
series of compounds, f rom which tile unreacted alcohol 
had been rmnoved by extraction with petroleum ether. 
PAll and P A I I  sulfates with the same carbon nmnber 
are essentially equal in surface aetivity at 50C for 
eoneentrations exceeding the CMC. The surface ten- 
stuns of the built soht ions  for these series arc shown 
in ~'tao" le. IV. With the possible exception of the C1~ 
and C12 compounds, the built, solutions are initially 
above the CMC at washing temperature. The surface 
tension of the built P A I  and P A I I  solutions (which 
include the inorganic salts and unsu?fated alcohol) 

T A B L E  I V  
Effect  of Alcohol Ca rbon  N u m b e r  on Sur face  Tens ion  of Bui l t  a P A  I b 

a n d  PA II r Sulfa te  Solu t ions  

Alcohol 
c a r b o n  
n n m b e r  

Su r f ace  Tens ion  
dynes /o re  a t  5 0 0  

Y 2  I P A  I I  

0 .025 a 0 .040 0 .025 

11 48.0 37,8 39.5 
12 46.3 38.4 34.1 
13 28 ,5  31.6 30.2 
14 24.2 28.4 29.1 
35 27.3 27.6 28.1 
16 28.0 26.8 27.7 
17 30.5 29.1 27.9 
18 33.3 30.1 28.2 

a I n  t he  H D H F S  composi t ion.  
b n -Tr ima , ry  alcohol. 
r  n - F r i m a ~ y  a l c o h o l - } - 2 5 %  2-alky] isomers .  
d P e r c e n t a g e  alcohol ~uifate i n  bui l t  solut ion.  
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are also snbs~antially equal. Clear-point data for the 
purified compounds show the P A I I  derivatives to be 
more soluble than the corresponding P A l  emnpounds. 
The Kra f t  point (the temperature at which the solu- 
bility begins to increase rapidly) for the n-pr imary 
alcohol sulfates, as determined by Raison (5), in- 
creases l inearly for the even-earbo*/-numbercd coiil- 
pmmds. A plot of the data of Table 11[ for the P A I  
sulfates shows some curvature and suggests that the 
even and odd members of the P A I  series lie on dif- 
ferent  curves. This is also apparent  in the clear-point 
data of Table I I l  for the P A I I  sulfates. These un- 
expected findings will be the subject of fur ther  
investigation. 

The cotton detergency of the etboxy]ates of the P A I  
and P A I I  series at a constant 62% ethylene oxide 
content is also given in Table I I .  A t  each carbon 
number the P A I  and P A I [  derivatives show essentially 
equivalent behavior. In contrast to the performance 
in the two series of sulfates, the inferior soil-removing 
ability of the CH and C~2 compounds is not apparent  
in • ethoxylates. Fur ther ,  at this ]eve] of etho• 
lion, the performafme is independent of hydrocarbon 
molecular weight, 

Foam Performa~,c~;. The foam performance (mea- 
sured by using a Terg-O-Tometer test and expressed 
relative to the LAS)  of Cll through C,s P A I  and 
P A I I  sulfates is shown in Figure  1. These tests were 
conducted by using the H D H F S  composition which 
was modified by the replacement of 10% of the active 
matter  with laurie isopropano]amide (LIPA) .  Both 
series exhibit optimmn performance at C~  with a 
sharp rise between C~a and C1~ and a sharp drop-off 
between C1~ and C~r 

TI~e foam performances (in l ight-duty liquid ap- 
plication and expressed relative to coconut alcohol 
(EO)~ sulfate) of the Cl~ tbrmlgh Cls P A I  and F A l l  
(EO) a sulfates are essentially equal at a given alcohol 
carbon number (Figure  2). As a result, the optimnm 
performance for both series is the same and occurs 
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of  a lcohol  ( E O ) a  s u l f a t e s  in L D L  a p p l i c a t i o n .  

between CLa and C14. In  addition, there is a definite 
influence of carbon number on performance, but it is 
less pronounced than in the alcohol sulfate case 
(Figure  ]) .  Ethoxylat ion,  prior to sulfation, has 
made the foam performance less dependent on carbon 
number near  the optimum. 

E f f e c t  o f  V a r y i n g  N o r m a l / I s o  R a t i o  

The effect of norfna] alcohol content on the per- 
forfuanec of mixtures of straight-chain and 2-alkyl 
isomers was determined. For  this purpose, a series of 
C12-15 (C~2/C13/C1~/C15 = 20/30/30/20)  pr imary  al- 
eoho]s was prepared by blending the various isomers. 
Compositions with normal  alcohol content from 5 to 
98% were studied. 

Cotton Detergency (F igure  3). As the normal al- 
cohol content increases, the cotton detergency of the 
C~e 1~ alcohol sulfates in the H D H F S  composition in- 
creases slowly, reaching a level independent  (~xdthin 

IZO 

O 0.015% Alcohol Sulfate 

[ ]  0.0ZS% Alcohol Sulfate 

/ k  0.0ZS% Alcohol Ethoxylate 
(6Z% Ethylene Oxide) 

, ,% 

.. - -  Terg-O-Tometer res t ,  
1 SO ppm Hardness 
References: 

-- HDHFS: LAS (CIz 6) ~ 100 
HDLFS: C14]|6/I, "(EO)9 �9 [00/ 

S0 

, o  

,o -O 2o 4o 61o I ] I SO I00 
Percent n-Primary Alcohol 

Fie. 3. Effect of normal/~so ratio on cotton detergency of 
Cr.,-*~ alcohol sulfates in ]IDIIFS and ethoxylates in ttDLES. 
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the statistical linlitations of the Terg-O-Tometer test) 
of the amount of straight-chain alcohol present. The 
ultimate level of performance increases, of course, 
with the concentration of surfaetant. The data also 
suggest, that the normal alcohol content required to 
reach essentially the performance level of the pure 
straight-chain compound depends on the surfaetant 
concentration and/or the builder concentration. Even 
at the 0.015% level, where the STPP content is in- 
sufficient to sequester the 150 ppm hardness, an 
n-primary alcohol level of about 65% is necessary. At 
0.025%, where the STPP is equivalent to the hardness, 
an n-primary alcohol content of about 65% is again 
needed. 

The series of alcohols with varying normal alcohol 
content were also used to prepare ethoxylates that 
contained 62% ethylene oxide for stndying their per- 
formance in the HDLFS compositioIL Figure 3 shows 
that the soil removal, as measured in the Terg-O- 
Tomcter, is independent of the straight-chain content 
of the parent primary alcohol blend. Thus, as with 
ethoxylates of primary alcohols of varying chain- 
length, the influence of the hydrocarbon moiety of the 
primary alcohols is not apparent at this level of 
ethoxy]ation. 

These results show that a sulfate and ethoxylate 
based on a Cr,-lr, alcohol with 75% straight-chain 
content have equivalent cotton detergency to the cor- 
responding 100% straight-chain alcohol derivatives. 

Ft~am Performance (Figure 4). The foam per- 
formanee in the H D H F S  composition of this series 
of C~u_~ alcohol sulfates of varying stralght-chain 
content increases with increasing Imrmal c(mtent, and 
the ultimate performance level depends on surfaetant 
concentration. Replacement of 10% of the alcohol 
sulfate with laurie isopropanolanfide at the 0.025% 
level shifts the performance curve upwards. And, 
above 70% straight-chain content, the performance be- 
comes independent of normal/leo ratio within the 
statistical limits of this test. This apparently results 
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TABLE V 
Effect of Nor raa l / I so  ~ a t i o  on Surface  Tension and Foam 

Per formance  of Cl~-ls Alcohol Ethoxysul fa tes  

n - P r l m a r y  Surface  tension Foam 
dynes / am a t  25~ t~erforma,nce 

alcohol ra t ing  "o 
% 

0 .025 a 1.0 0 .025 

5 99 
35 3(I.0 31.8  98 
5(} 93 
60 31.0 33.0 102 
65 99 
70 30.8 33.0  102 
75 105 
80 31.6 32.0  103 
98 34.0 34.5 105 

a Concentra$ion of ethoxysulfate in 150 ppm hard  water .  
b Dynamic  Foam res t .  Refe rence- -coconu t  alcohol. ( E 0 ) a  sulfate = 

100 ; concentrat ion 0 .025 %.  

from the increased efficiency of L IPA in improving 
the foam performance of compositions that contain 
lower anlounts of straight-chain alcohols and agrees 
with earlier observations with amide-type foam 
promoters (6). 

The role of STPP in foam performance has been 
discussed by Burgess et al. (1), who have shown that 
perfornlanee increases rapidly as STPP content in- 
creases for constant water hardness and alcohol sulfate 
concentration. This effect of STPP on foam per- 
formance presumably accounts for the decline in 
performance with increasing normal alcohol content 
at 0.015% surfactant concentration. At this concen- 
tration, the STPP present in tile composition is ix1- 
sufficient to sequester the 150 ppm hardness, thus 
permitting the less-soluble calcimu and magnesium 
salts of the higher straight-chain compounds to exert 
a deleterious effect. 

The Cle-l.~ (no )3  sulfates in LDl~ application ex- 
hibit a slight, but not statistically significant, upward 
trend in foam performance as the straight-chain con- 
tent increases from 5 to 98% ('Fable u  With the 
exception of the composition containing the highest 
amount of straight-chain alcohols, the surface tension 
of the solutions is also essentially independent of 
normal content hi contrast to the study of chain- 
length variation on tile perfornlanee of the sulfated 
parent alcohols (Figure 1), the influence of lmrmal// 
iso ratio is completely obscured by ethoxylation prior 
to sulfation. 

E f f e c t  o f  V a r y i n g  S t r u c t u r e  

The effect of alcohol structure on performance was 
further studied with C13 and CL~ isomeric alcohols 
in which the degree and position of branching and the 
position of the hydroxyl group were varied. The data 

TABLE VI 
Effect of Alcohol S t ruc tu re  on Cotton Dete rgency  of Alcohol Sulfates  

in : H D E F S  and EtiLox.vlates in  t I D L F S  

Alcohol 
De te rgency  Ra t i ng  a 

Sulfate  b Ethoxylaleb, e 

01s 
1-Tridecanol .96 112 
2.Methyl-2-dodecatml 66 113 
6-Methyl-l-dodecanol 68 i l l  
C1~ Guerbat  alcohols d 54 ] ] 4 
2 Tridecanol 63 303 
7-Tridecanol 47 98 

C15 
] -Penta, decanol 117 108 
2 -Methyl-l- tetr  adecanol 110 103 
O15 Guerbet  alcohols ~ 92 110 
2-Pentadecanol  111 98 
7-1~entadecanol 78 8S 

a Terg-O-Tometer test, 150 ppm hardness ,  l~eferences---HD]-IFS: 
LAS(C~ .a )  ~- 100 ;  H D L F S  : ~14/16/18 (nO)9  __~ 100 ; concentration,  
o.o4o %. 

1, aoncentra t ion,  0 . 0 4 0 %  active mat te r .  
e 6 2 %  Ethylene  oxide in  ethoxylate (i.e., CI~(EO)~.~ and O~(EO)s .~) .  
d Isomer dis t r ibut ion and  s t ruc ture  as described in Exper imen ta l  Pro- 

cedares.  
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T A B L E  V I I  
Effoct of Alcohol S t ruc ture  on Foam Performance  of Alcohol Sulfates 

in H D H F S  and Ethoxysulfaics  

Alcohol 
~Ohlll Performance [dating a 

Sulfates ~ 

Cla 
l -Trid ecanol 43 
2 -Methy i - l -dodecano l  16 
6-l~Iethyl- l-dodeeanol 10 
C~a Guorbet  alcohols c 4 
2-Tr idccanol  12 
7-Tridecanol  5 

C~ 
1-PenLadecanol  166 
2-Methyl - l - tear  adecanol  110 
C~ GaOl, bet  alcohols a 8 
2 -Pen tadecano]  110 
7 - P e n t a d e c a n o l  4 
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the cont inuous des t ruc t ion  of the foam while the 
soil load is increased. 

Long branches  (e.g., Guerbe t  and  7-hydroxyl  al- 
cohols) have a much  la rger  deleterious effect on the 

Eth~ per formance  of alcohol sulfates  than does a ntethyt  
branch.  The decrease in cot ton detergency (relat ive 106 

~ to P A I  sulfates)  for  long branches  vs. a methyl  
114 b r a n c h  is ca. 45% vs. 35% for  C13, and  25% vs. 5% 121 
67 for  C~5.~ The corresponding decreases in  foaming are 
76 > 9 0 %  vs. 75% for  C13 and  > 9 5 %  vs. 35% for C 1 5 .  

9~ Alcohol Ethoxylales. W i t h  the  exception of the 7- sa 
~03 hydroxy  isomers, cotton de tergency of the ethoxylates 
s6 shown in Table V I  is essential ly independen t  of al- 1118 ,, 

cobol s t ructure .  This again  shows the equalizing effect 
of e thoxylat ion on performance.  

Alcohol Ethoxysulfates. The ethoxysulfate  foam 
per formance  shows no diseernible  t rends  wi th  respect  
to b ranch  length  or location (Table V I I ) .  I n  some 
eases, movement  of OH or C t t2OH (Guerbet  alcohols) 
groups to a cen t ra l  location appears  to be beneficial. 

C o n c l u s i o n s  

The results  of this  inves t iga t ion  wi th  pa r t i cu la r  
test  methods, conditions,  and  pract ica l  formula t ions  
show tha t  var ia t ions  in alcohol s t ruc tu re  can have im- 
p o r t a n t  influences on the per formance  of derived 
detergents.  

Carbon-Number Variat ion 

The cotton detergency of p r i m a r y  alcohol sulfates 
rcae}/es a maximum about  (h~ and remains  constant  
t h r o u g h  C,s. P r i m a r y  alcohol ethoxylates,  conta in ing 
62% ethylene oxide, have the  same cotton detergency 
f rom Cll th rough  Cas. 

The foam per formance  of p r i m a r y  alcohol sulfates 
in heavy-duty  compositions exhibits  a pronounced 
peak at C1.~. P r i m a r y  alcohol ( E 0 ) 3  sulfates show a 
broad  max imum in foam per fo rmance  about  C13-C14. 
The odd-numbered  p r i m a r y  alcohol derivat ives con- 
t r ibu te  s ignif icant ly to these performances.  

Der ivat ives  of p r i m a r y  alcohols which contain 25% 
2-alky] isomers in  the  ca rbon-number  range  C~  
th rough  ClS have equivalent  per formance  to the cor- 
responding  n - p r i m a r y  alcohol derivatives.  

V a r i a t i o n  o f  N o r m a l l l s o  R a t i o  

The anlonnt  of n - p r i m a r y  alcohol in  blends of 
Cle-a~ alcohols wi th  2-alkyl isomers does not influence 
the  cotton detergency of ethoxylates  (62% ethylene 
oxide) or the foam per fo rmance  of etboxysulfates.  

a Dynamic  Foam Test, 150 ppm hardness.  R e f e r e n c e s - - H D H F S  : 
L~kS(Cl~o) __~100; ethoxysulfate in L D L :  coconut alcohol (EO)~ sul- 
fate ---- 100 ; concentration,  0 . 0 2 5 % .  

Concentration,  0 . 0 2 5 %  active mat te r .  
c Isomer disLribution and  s t ruc ture  as described in Exper imen ta l  1)ro - 

cedures, 

obtained for  cotton detergency and  foam per formance  
are shown in Tables V I  and  V I I  respectively. 

Alcohol Sulfates. Table V I I I  presents  some resul ts  
of the per formance  of the isomeric alcohol sulfates as 
well as clear points  and  surface tensions weli above 
the CMC. F o r  a given n u m b e r  of carbon atoms, ei ther  
a) changing the - O I I  group away f rom the t e rmina l  
position or b) moving the methyl  group f rom the 
te rminal  posit ion (i.e., the l inear  p r i m a r y  alcohol) 
to more central  positions in  the chain decreases the 
cotton detergency and  foam performance,  as shown in 
Table VII .  This  decrease is less p ronounced  for the  
C ~  compounds, suggest ing t h a t  the p r inc ipa l  chain- 
length  is the dominan t  fac tor  wtlich influences these 
performances.  The observations are consistent  wi th  
the data  of Table I I  and  F i g u r e  1, which show tha t  
cotton detergency and  foam per formance  of the 
t t D H F S  compositions are more dependent  on chain 
length  at  C1~ and  Ct3 t han  at  C14 and C1~. The clear 
poin t  of these compounds decreases in a regu la r  man-  
ner  as the methy l  group or hydroxyl  group is moved 
to a more cent ra l  position. However the surface ten- 
sion is not  s t rongly  influenced by these isomeric 
changes wi th  the exception of the compounds wi th  a 
cent ra l  hydroxyl  group (7-pentadeeanol and  7- 
t r ideeanol) ,  which have apprec iably  lower values. F o r  
these compounds the observations on surface tension 
and  cotton detergency arc consistent  with those made 
by  Shedlovsky (7) ; however in a pour- foam test  th is  
au thor  found  super ior  foam per formance  for  the com- 
pounds wi th  cent ra l  hydroxyls .  This la t te r  resul t  is 
not  borne out  in  the D)~mmie Foam Test, involving 

TABLE ~rI I I  
Effec~ of Hydroxyl  and lV[ethyl Group Posi t ions on the Pe r fo rmance  and Proper t ios  

of C13 and C15 Isomeric Alcohol Sulfates 

Cla CL~ 

De~ Surface  Decrease 
Surface  Clear Cloar 
ten$iolll tension 
dyn as / cm p~ C orlon F cam dyne~ ,/cnl point C 0itch F o ant 

at  5 0 0  ~ deter- perfor- ~  deter- per- 
gency r manced at  50Q gency formance 

Posi t ion 

Hydroxyl  group 
1 33.3_ 27 0 0 33.4 40 0 0 
2 35.0 21 34 72 34.3 34 5 34 
7 28,2 < 0  51 88 24.5 33 98 

1Yieth yl group 
n -P r imary  alcot ol 33.1 27 0 0 33.4 40 0 0 

1 e 35.0 21 34 72 34.3 34 5 34 
2 35.7 17 31 63 34.0 30 6 34 
6 34.2 <~0 29 77 

a 1 %  Sol,Liion in distilled water,  us ing alcohol sulfates t h a t  had  been ext rac ted  wi th  petroleum ether to romove unsulfa tod alcohol. The sulfates 
contain loss than  0..15% inorganic  salts (Na.~SO~; t races  of Na~COa), based on alcohol sulfate. 

1, Percen tage  decrease in performance = 100 ( A - -  B ) / A :  A n-pr imary  alcohol der ivat ive response (Tables VI. V i i )  ; B : isomeric alcohol de- 
r ivat ive respnnse (Tables VI,  V I I ) .  

c Concentration,  0 . 0 4 0 %  alcohol sulfate ( I - IDHFS) .  
~l Concentration,  0 . 0 2 5 %  alcohol sulfate ( H D H F S ) .  
e Trldecanol-2 and. pentadecanol-2.  
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However grea ter  t h a n  65% n -p r imary  alcohol is re- 
qui red  for  alcohol sulfates  to reach max imum deter- 
gency and  foam performance.  

Gross Structural  Changes 

The following s t ruc tu ra l  changes are deleterious to 
the per formance  of alcohol sulfates. Moving the - O H  
f rom the te rmina l  posi t ion toward the centra l  position 
has a large effect. P lac ing  a - C H 2 0 H  near  the center 
(Guerbet  alcohol) also has a large affect. Corres- 
pondingly  moving a - C H a  has a small effect. 

The effect of these s t ruc tu ra l  changes is more pro- 
nounced for  the Cla alcohols t han  for the C1~ alcohols. 
Fu r the r ,  i t  appears  in general  tha t  e thoxylat ion (62% 
ethylene oxide) tends  to el iminate the effect on per- 
formance of these s t ruc tu ra l  var ia t ions  in Cite hy- 
drocarbon chains. In  cer ta in  cases an alcohol with  a 
centra l ly  located - -OH or -CH, ,OH,  when ethoxylated 
and  sulfated,  displays a relat ively h igh foam 
performance.  

Clear-point  da ta  indicate  t ha t  the presence of 25% 
2-alkyl isomers in blends with n -p r imary  alcohols 

increases the solubil i ty of the alcohol sulfates and  has 
l i t t le effect on the surface tension above the critical 
micelle concentrat ion.  F u r t h e r ,  the odd-numbered 
alcohol sulfates appear  to be somewhat less soluble 
than  the even-numbered compounds. 
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