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ABSTRACT 

A cooperative study involving laboratories in thc United States, 
Europe and Japan was conducted to investigate the detergency 
performance of mixed active detergents. Each location tested 
mixtures commouly manufactured in their region using wash 
conditions typical of their area. The utility of the data in selecting 
optimum cost/performance formulations is discussed. Under typical 
wash conditions found in the United States and Japan, a mixed- 
active formulation is not required. In most cases, optimum deter- 
gency is obtained by a linear alkylbenzene sulfonate (LAS) based 
formulation. In Europe, a mixed active detergent is required. 
Although LAS provides optimum performance, some soap (or soap 
plus nonionic [NI[) must be added to control foam. 

INTRODUCTION 

The choice  of  surfactant  system for a laundry detergent  
varies f rom con t inen t  to con t inen t  and depends strongly 
on availability and cost of  surfactants and condi t ions  under  
which they are typically used. Mixed active formula t ions  
are popular  worldwide because they offer  the advantage 
of good per formance  over a wider range of  wash condi t ions  
and al low manufacturers  f lexibil i ty with respect  to surfact- 
ant supply and demand.  I towever,  d i f ferent  regions of  the 
world use different  mixcd  active systems. 

Because of  the complex i ty  of  investigating mixed  active 
detergents  on a worldwidc scale, a coopera t ive  study was 
pe r fo rmed  using testing laboratories in the USA, Spain 
and Japan.  Each labora tory  tested mixed  active formula- 
tions c o m m o n l y  used in their region. These surfactant  
systems includcd LAS/ES /AS  (linear a lkylbcnzenc 
su l fona te /e ther  sulfate/alcohol  sulfate), LAS/NI  (nonionic) /  
soap, and LAS/AOS (alpha olefin sulfonate) .  Each sur- 
factant  system was tested under  wash condi t ions  typical 
for that  region. The effect  of  wash tempera ture ,  surfactant  
molecular  weight, water  hardness, buildcr type,  and c lo th /  
soil type  on the per formance  of each mixed  active system 
was examined.  

EXPERIMENTAL PROCEDURES 

Detergency testing was pe r fo rmed  using e q u i p m e n t  and 
procedures  out l ined  in Table I. All tests were run in dupli- 
cate. In US and Japanese studies, detergency pe r fo rmance  
was repor ted  as ref lectance (in Rd units) of  the washed 
cloth. (Ref lec tances  of  the starting soiled cloths were 
similar and the cloths originated f rom the same soiling 
batch.) In the European (Spanish) s tudy,  de tergency 
per formance  was determined by measuring the change 
(A Rd) in ref lectance be tween  soiled and washed cloths. 
In all cases, higher Rd or  A Rd values indicate  bet ter  
detergency performance .  

All locat ions  used sebum-soiled cloth prepared by the 
US laboratory .  Sebum is a blend of  fa t ty  acids, natural  
waxes and oils which represents the soil exuded  f rom 
human skin (1, 2). The sebum soil used consis ted of  a 6:1 
blend of  synthet ic  sebum and cleaned air cond i t ioner  
dust. Both sebum-soiled co t ton  (Testfabrics S/419)  and 
sebum-soiled permanent  press (Testfabrics S /7406)  cloths 
were used. The permanent  press cloth used was a 65% 
Dacron/35% co t ton  blend with a pe rmanent  press finish. 

The Spain facility also used EMPA 101 cloth (EMPA 
Insti tute,  St. Gallen, Switzerland) which consists of  olive 
oi l /carbon black-soiled cot ton.  

Metasilicate, which is c o m m o n l y  added as a rust pre- 
ventat ive and aids in raising wash-water  pH, was no t  added 
to the test formula t ions  in order to maximize  the ef fec t  of 
surfactant-bui lder  interact ions and to minimize  the number  
of test variables. However,  in studies not  repor ted  here, 
the addi t ion of metasi l icate was found to enhance perform- 
ance, part icularly formula t ions  containing p redominan t ly  
LAS. Consequent ly ,  practical studies should include silicate 
as an ingredient  in detergent  test formulat ions.  

The detergency of  each ternary mixed  active system 
was evaluated using 10 different  surfactant  blends, as 
illustrated in Figure 1. These ten formula t ions  conta in  

TABLE 1 

Detergency Test Equipment and Procedures 

Laboratory 

United States Spain Japan 

l)etergcncy testing 
apparatus Terg-Oq'nmcter 

Wash cycle 10 rain 

Rinse cycle 5 rain 

Wash temperature 60, 100, 140 F 

Temperature of Same as wash 
rinse water water 

Water hardness 50, 150 ppm 

Number soiled cloths 
(3-in. by 4Vy-in.) 6 

Number unsoiled cloths 
(as ballast) 3 

Laundcr-Ometer a Terg-O-Tometcr b 

20 nrin 10 rain 

Iland rinse Two 3qnin 

100, 140 F 60, 100 F 

Room temperature Same as wash 
water 

150, 300 ppm 50 ppm 

3 6 

0 3 

aModel B-5 (Type LHD-tlT), Atlas Electric Device Company, USA. 
bModel 7243, United States Testing Company, USA. 
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FIG. 1. Triangular plot showing the composition of the 10 surfactant 
blends tested. 
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74.~ 

7 3 . 3 - 7 3 . 8  Rd OPTIMUM DETERGENCY ZONE 
~ 7 3 . 8 - 7 4 . 3  Rd 

Below 72.3 Rd 72.8-73.3 Rd 

FIG. 2. Example of computer-generated triangular performamze 
eontour plot (for dodecyl-LAS/C12-18 [40% EO] ES/C~2-~8 AS 
formulations [0.15% use level] with carbonate builder at 50 ppm 
water hardness, 100 F (38 C), using sebum-soiled cotton cloth). 

LAS 

A O P T I M U M  DETERGENCY ZONE 
REGIONS / 

OF SECONDARY/ ~ /  

AS ES 

FIG. 3. Triangular performance plot showing optimum detergency 
zone and regions of secondary performance (from data shown in 
Fig. 2), 

a constant  total  active and a constant amount  of builder. 
As shown, these ten formulations represent a complete 
cross-section of all possible combinations of the three 
surfactants. 

To illustrate detergency trends, triangular performance- 
contour  plots were constructed using a Simplex optimiza- 
tion computer  program (3). An example is given in Figure 
2. The detergency performance (in Rd units) is given for 
each surfactant mixture tested. The Simplex optimizat ion 
program determines what surfactant mixtures give equivalent 
performance with a 0.5 reflectance unit range (with sebum 
soil). In this example, the best performing mixture is the 
all-LAS formulation. Mixtures performing with 0.5 Rd 
units of the all-LAS formulation include the 9% LAS/3% 
ES/3% AS and the 7.5% LAS/7.5% ES blends. All other 
mixtures the Simplex program estimates (based on the 
performances of the other mixtures) will also fall into this 
detergency zone. This area of highest equivalent detergency 
performance will be referred to as the "opt imum detergency 
zone." The computer  program also calculates regions of 
poorer detergency, as shown in Figure 2. 

In most detergency tests, a difference of 0.5-1.0 reflec- 
tance units is considered significant (for sebum-soiled 
cloth) at the 95% confidence limit. Although the uncertainty 
in detergency data varies from test to test, a difference of 
0.5 Rd units was used in preparing the triangular perform- 
ance contour  plots, since their purpose is to illustrate 
detergency trends and not  to represent absolute maxima. 

When EMPA cloth was used, a difference of 2-3 Rd 
units was found to be significant, based on a 95% confi- 
dence limit. Consequently, detergency contour  plots of 
EMPA cloth data were constructed using a difference of 
2.0 Rd units. 

In the foIlowing text, performance plots will show the 
opt imum detergency zone and, in most cases, secondary 
performance zones. An example using the previous plot 
(Fig. 2) is shown in Figure 3. 

RESULTS AND DISCUSSION 

Part of the cooperative study involved each laboratory 
running identical tests to determine lab-to-lab repro- 
ducibility. Figure 4 shows the detergency results obtained 
by each laboratory using the previously described LAS/ES/ 
AS formulations with phosphate builder on sebum-soiled 
cot ton at 100 F (38 C). In all studies, at low (50 ppm) 
water hardness, the opt imum detergency zone always 
includes mixtures high in LAS content.  At  150 ppm water 
hardness, opt imum detergency is obtained from LAS/ES 
blends high in ES content.  Although some differences in 
the sizes of the opt imum detergency zones are evident, 
similar detergency trends were obtained by each laboratory.  
Minor differences are expected due to differences in test 
methodology.  

The detergency results obtained by each laboratory are 
discussed below. Each section includes a brief discussion 
which identifies the mixed active systems and wash condi- 
tions used in each area. The effects of water hardness, wash 
temperature,  builder type,  cloth type and surfactant 
molecular weight on the detergency performance of each 
surfactant mixture are then examined. The util i ty of the 
data in determining the opt imum cost /performance formu- 
lation is discussed. 

UNITED STATES MIXED ACTIVE DETERGENTS 

A variety of different surfactants is used in laundry powders 
in the USA, including LAS, ES, AS and NI. Table II gives 
the 1982 consumption of each of these actives in US 
heavy-duty powders (HDP). Mixed active products consist 
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pr imari ly  of  anionic sur fac tan t  blends,  the  m o s t  c o m m o n  
being a mix ture  of  LAS, ES and AS. Phospha te  is the mos t  
c o m m o n  builder,  par t icular ly in h igh-pe r fo rmance  produc ts .  
Sod ium carbona te  is also used,  pr imari ly in areas where  
p h o s p h a t e  use is l imited.  

A normal  wash load in the USA con ta ins  mos t ly  syn- 
thet ic  fabrics. The average wash t empera tu r e  is ca. 100 F 
(38 C), and the cur ren t  t rend  is towards  even cooler  t emp-  
eratures  for  bo th  energy conserva t ion  and for  p ro t ec t i on  of  
fine fabrics. Typical  water  hardness  varies, bu t  the  major i ty  

of  househo lds  have a water  hardness  be low 150 ppm.  The 
average r e c o m m e n d e d  use level o f  de te rgents  is ca. 0.15%. 

LAS/ES/AS Detergency 

LAS/ES/AS de te rgency  was examined  using the  su r fac tan t s  
and test  cond i t ions  s h o w n  in Table III. 

TABLE IIl 

US LAS/ES/AS Detergency Study-- 
Surfactants and Test Conditions 

TABLE I1 

1982 Consumption of Major Surfactants Used in the USA, Europe 
and Japan 

Consumption 
(Thousand Metric Tons) 

Surfactants 

LAS: Dodecylbenzenesulfonate(NALKYLENE | 550L LAS) 

AS: C~2-1s linear alcohol blend (23% C12 + 24% C** + 30% 
C16 + 23% C18 b l e n d ) -  sodium salt 

ES: C12qs linear alcohol blend (same as above) with 40% 
ethylene oxide sodium salt 

Test Conditions 
Surfactant USA Europe Japan Formulation: 15% total active + 30% builder 

Temperatures: 60, 100, and 140 F (16, 38 and 60 C) 
LAS 126 215 77 Use level: 0.15% 
ES 27 119 25 Water hardncsses: 50 and 150 ppm 
AS 26 107 12 Soil: Sebum 
N[ 22 22 4 Cloth: Cotton and permanent press 

15% ACTIVE/3O% BUILDER 
LAS SEBUM-SOILED COTTON LAS 
A O. 15% USE LEVEL 

50 ppm ~ lOO~ (38~ 

~ / ~  UNITED STATES 
STUDY 

AS ES AS ES 
LAS LAS 

AS ES AS ES 
LAS LAS 

NESE ST 

AS ES AS ES 
FIG. 4. Detergency results of identical tests performed by each laboratory of cooperative 
study (for dodecyl-LAS/C 12-Is [40% EO] ES/C 1 ~-ls AS formulations [0.15% use level] 
with phosphate builder at 100 F [38 C], using sebum-soiled cotton cloth, at 50 and 150 
ppm water hardness). 
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P.PRESS/50 ppm 

~JoPTIMUM DETERGENCY ZONE 

P.PRESS / 150 p p ~  

FIG. 5. Detergency performance of LAS/ES/AS mixtures as a 
function of temperature on sebum-soiled permanent press cloth 
(using dodecyl-LAS/Cx 2"18 [40% EO] ES/C 12 "l 8 AS formulations 
[0.15% use level] with phosphate builder). 

COTTON/50 ppm 

,s l .oo, / ,oo>  

]OPTIMUM DETERGENCY ZONE 

COTTON/150 ppm 

/ 

J .o0 

FIG. 6. Detergency performance of LAS/ES/AS mixtures as a 
function of temperature on sebum-soiled c o t t o n  c l o t h  (using 
d~ 2-is [40% EO] ES/C 12-1 a AS formulations [0.15% 
u s e  l e v e l ]  with phosphate builder). 

The effect of both temperature and water hardness on 
the detergency performance of phosphate-built (sodium 
tripolyphosphate) formulations using sebum-soiled perma- 
nent  press cloth is shown in Figure 5. At 60 F (16 C) and 
low (50 ppm) water hardness, the optimum detergency 
zone is centered towards the aI1-LAS formulation. As 
temperature is increased to 100 F (38 C) the optimum 
detergency zone expands to include nearly all actives. At 
140 F (60 C) mixtures high in LAS and alcohol sulfate 
perform best. This shift in the location of the opt imum 
detergency zone is due to the relatively poor solubility of 
alcohol sulfate at cooler temperatures. Only at higher 
temperatures does the detergency performance of alcohol 
sulfates become significant. Formulations high in LAS 
content  remain in the optimum detergency zone regardless 
of temperature. 

At 60 F with higher (150 ppm) water hardness, the 
optimum detergency zone centers around LAS/ES mix- 
tures. As temperature is increased, the optimum detergency 
zone again shifts to include mixtures containing more 
alcohol sulfate. The extent of this shift is less than was 
observed at low hardness since alcohol sulfates, although 
improved by temperature, are also more sensitive to water 
hardness. 

Nearly identical trends are observed with cotton cloth, 
as shown in Figure 6. 

Since 30% phosphate (at 0.15% use level) can only 
sequester ca. 120 ppm water hardness, the differences in 
performance at 50 ppm and 150 ppm water hardness 
represent the difference between a sufficiently built formu- 
lation arrd an underbuilt  formulation. A builder level of 
30% was chosen to better examine differences in perform- 
ance between built and underbuilt  systems. As shown in 
Figures 5 and 6, at low hardness (or in sufficiently built 
systems) optimum detergency is most often centered 
around the all-LAS formulation. In underbuilt  conditions 
at high hardness, an LAS/ES blend is best. 

The effect of LAS molecular weight on the detergency 
performance of LAS/ES/AS mixtures was examined using 
both a dodecyl (Cl2-average) and a tridecyl (C13-average) 
LAS. LAS molecular weight was found to have little effect 
on the location of the optimum detergency zone, but it 
did have a small effect on the overall detergency of LAS- 
containing formulations, particularly on permanent press 
cloth. At low water hardness, the higher molecular weight 
LAS (tridecyl) showed a slight performance advantage 
over dodecyl LAS. The opposite trend was evident at 
higher hardness. Previous studies have shown that a tri- 
decyl LAS is best for detergency, but it is also slightly 
more sensitive to higher water hardness (4). 

The effect of ES and AS molecular weight on deter- 
gency was examined by testing lauryl (C12-14) and tallow 
(Ca6-18), alcohol sulfates and alcohol ether sulfates. The 
optimum molecular weight depends strongly on temper- 
ature and hardness. Higher molecular weight materials 
perform better at higher temperatures but are more suscep- 
tible to higher water hardness. 

The effect of builder type was examined by comparing 
the performance of phosphate-built LAS/ES/AS formula- 
tions with those built with sodium carbonate, as shown in 
Figures 7 and 8. The reflectance range is given for each 
optimum detergency zone in order to compare overall 
detergency performance between builders. As shown by 
the reflectance ranges given, phosphate is the best overall 
builder. Theoretically, the capacity to remove water hard- 
ness (per weight of builder) of sodium carbonate exceeds 
that of phosphate, but its mechanism for hardness removal 
is less efficient. Phosphate sequesters hardness quickly 
whereas sodium carbonate removes hardness by forming 
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LAS LAS 

71.1-71.6 R d ~  / ~ 6 8 . 5 - 6 9 . 0  Rd 
~ lOOOF / \  v ~  

~ ~ ~ ,  P.PRESS/50 ppm ~. \ \ 

AS PHOSPHATE ES AS CARBONATE ES 

LAS LAS 

100o1= A 67.7-68.2 Rd 

AS PHOSPHATE ES AS CARBONATE ES 

FIG. 7. Detergency performance of LAS/ES/AS mixtures with phosphate (STPP) and 
sodium carbonate builders on sebum-soiled permanent press cloth (using dodecyl-LAS/ 
C12"18 [40%EO] ES/C12-18 AS formulations [0.15% use level] at 100 F [38C]).  

LAS LAS 

75.2-75.7 Rd A 1 0 0 ~  A 7 3 . 8 - 7 4 . 3  Rd 

COTTON/50 p p m / \  ~ 

AS PHOSPHATE ES AS CARBONATE ES 

LAS LAS 

/ //,~ COTTON~,~Op~ / / .? \  

.-,,.o il i ,d 

AS PHOSPHATE ES AS CARBONATE ES 

FIG. 8. Detergency performance of LAS/ES/AS mixtures with phosphate (STPP) and 
sodium carbonate builders on sebum-soiled cotton cloth (using dodecyl-LAS/C~2-1 s [40% 
EO] ES/C12-18 AS formulations [0.15% use level] at 100 F [38 C] ). 
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insoluble calcium and magnesium carbonates. The latter 
process is relatively slow and never totally removes all of 
the hardness which results in poorer detergency perform- 
ance. 

Locations of the optimum detergency zones with 
carbonate builder are similar to those obtained with phos- 
phate. However, in most cases, the optimum detergency 
zones obtained using carbonate are smaller than those 
obtained with phosphate. Smaller zones are the result of 
a larger range in the detergency performances observed 
for the various surfactant mixtures. 

Optimization of LAS/ES/AS Detergancy 

The data previously described are useful in determining 
the best performing mixture for a given set of conditions. 
For example, assume the following criteria are important 
in the development of a laundry product potentially 
containing an LAS/ES/AS active: (a) cold (60 F) water 
performance; (b) detergency on sebum soil; (c) built with 
phosphate. 

Figure 9 shows performance curves fitting the above 
criteria. As shown in the center plot, overlap of the four 
optimum detergency zones occurs at a region between 
an 11% LAS/4% ES active and a 7.5% LAS/7.5% ES active. 

LAS 

AS 

Since LAS is traditionally the least expensive surfactant, 
an LAS/ES blend would contain as high an LAS-to-ES 
ratio as possible, so the 11/4 LAS/ES formation would be 
the optimum choice. 

The criteria described above assume that performance 
on cotton and performance on permanent press cloths are 
of equal importance. In reality, the trend in the USA is 
towards more synthetics, making performance on perman- 
ent press cloth more important. If only permanent press 
cloth is considered overlap of the optimum detergency 
zones obtained at 50 to 150 ppm would occur between 
the aII-LAS formulation and the 11/4 LAS/ES mixture. 
When surfactant costs are considered, the optimum cost/ 
performance formulation would contain an all-LAS active. 

EUROPEAN M I X E D  A C T I V E  D E T E R G E N T S  

Nearly all European laundry detergents contain mixed 
active systems, the most popular being LAS/NI/soap. 
The estimated 1982 consumptions of LAS, NI, AS and 
soap for HDP in Europe are given in Table II. 

Soap is added to suppress foam because of the pre- 
valance of horizontal-drum washing machines. This type of 
machine requires controlled (low) foaming detergents, 
which maintain a low foam profile over a wide range of 

LAS 

50 ppm ES AS 1 5 0  ppm ES 
LAS 

LAS 

AS ES 
LA~ 
/ ,  

60~ / ..." ~'~ 
o o  ~ 

/ i iii(,, 
AS 50  ppm ES AS 150ppm ES 

FIG. 9. Example of how performance data can be used to optimize surfactant composi t ion 
(triangular performance curves obtained with dodecyl-LAS/C 12-1 s [40% EO] ES/C 12-1 s AS 
formulations [0.15% use level] with phosphate builder at 60 F [16 C], 50 and 150 ppm 
water hardness, on sebum-soiled permanent  press and cotton cloths and triangular plot 
[center] showing where optimum detergency zones overlap). 
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temperatures during the wash cycle. Most products contain 
phosphate, although the use of carbonate and zeolite 
builders is spreading in some European countries. 

European wash conditions differ greatly from those in 
the USA. The average wash temperature is substantially 
higher (greater than 60 C), but, like the USA, the average 
temperature is dropping due to rising energy costs (5). 
Typical European water hardness and use level are also 
higher, averaging ca. 120-240 ppm and 0.5 to 0.75%, 
respectively. The average wash load also contains signifi- 
cantly more cotton fabrics than typically found in the 
USA. 

LAS/NI/SOAP Detergency 
LAS/Nl/soap detergency was studied using the surfactants 
and test conditions listed in Table IV. 

The performance of LAS/NI/soap mixtures on EMPA 
101 cloth (olive oil/carbon black-soiled cotton) is shown 
in Figure 10. Under normal European wash conditions 
(0.5% use level, 60 C, 150 ppm water hardness), as shown 
in Figure 10A, optimum detergency occurs with two 
separate sets of mixtures: LAS and LAS/soap mixtures and 
mixtures high in nonionic content. Other intermediate 
mixtures, such as LAS/NI, LAS/NI/soap, and Nl/soap 
formulations give poorer performance. This indicates that 
mixtures of anionic (LAS and soap) and nonionic sur- 
factants are not best for cleaning oily soils, such as EMPA. 

Figure lOB shows the effect of lowering the wash 
temperature to 38 C. Overall performance was observed to 
decrease by ca. 4 units in the A Rd range of the optimum 
detergency zone. The formulation least affected by the 
lower temperature is the LAS/soap mixture, whereas the 
all-non.ionic and all-soap formulations showed the largest 
decrease in performance. This results in a shift in the 
optimum detergency zone to LAS/soap mixtures having 

TABLE IV 

European LAS/NI/Soap Detergency S t u d y -  
Surfactants and Test Conditions 

Surfactants 
LAS: Dodecylbenzenesulfonate(PETRELAB | 550LAS) 
NI: Cl2q4  linear alcohol blend with 60% ethylene oxide 

(Alfonic | 1412-60 NI) 

Soap: LIRESA tallow soap 

Test Conditions 
Formulations: 15% total active + 30% phosphate builder 
Temperatures: 38 and 60 C (100 and 140 F) 
Use Level: 0.5% 
Water hardnesses: 130 and 300 ppm 
Soil/cloth : Sebum-soiled cotton 

EMPA 101 (olive oil/carbon black-soiled 
cotton) 

a higher soap content  and the elimination of the optimum 
detergency zone centered around mixtures high in non- 
ionic content. 

The effect of higher (300 ppm) water hardness is shown 
in Figure 10C. Since a use level of 0.5% gives the phosphate- 
built formulations a theoretical sequestration capacity of 
ca. 400 ppm, one would not expect a large difference be- 
tween performance at 150 and 300 ppm water hardnesses. 
As expected, the increase in water hardness does not 
affect location of optimum detergency zone. ttowever, 
overall detergency performance was observed to decrease 
by ca. 2 A Rd units. 

The performance of LAS/NI/soap mixtures on sebum 
soiled cotton is shown in Figure 11. Under normal 
European wash conditions (Fig. l lA), optimum detergency 
performance is obtained by aII mixtures except those high 

EMPA 101 
LAS 

A A 60~ 

SOAP NI 

LAS LAS 

38~ 

NI SOAP NI 300 ppm SOAP 150 ppm 
FIG. 10. Detergency performance of LAS/NI/soap formulations (0.5% use level) with 
phosphate builder on EMPA 101 cloth at (A) 60 C (140 F), 150 ppm water hardness, (B) 
38 C (100 F), 150 ppm water hardness, and (C) 38 C (100 F), 300 ppm water hardness 
(using dodecyl-LAS/Ct2 "~4 [60% EO] NI and tallow-based soap). 
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in soap content.  Unlike performance on EMPA 101, the 
LAS/NI mixture performs as well as the alI-LAS and all- 
NI formulations. 

As shown in Figure 11B, lowering wash temperature to 
38 C has little effect on the location of the opt imum 
detergency zone. 

At  300 ppm water hardness (Fig. 11C), opt imum deter- 
gency is centered around LAS/NI/soap blends. The slight 
drop-off in performance of the all-LAS formulation and 
formulations having a high NI content  is not  understood 
but, apparently, all three surfactants work synergistically 
under very high water hardness conditions. 

The effect of nonionic molecular weight was examined 
using a tallow range (C16-18) alcohol with 65% EO. Lauryl 
range (C12-14 ) nonionic gave slightly superior performance. 
However, tallow range nonionic is predominantly used in 
European HDP because the cost of tallow alcohol is suf- 
ficiently less than lauryl alcohol to give it a cost/perform- 
ance advantage. 

Optimization of kAS/NI/Soap Detergency 

The significance of the detergency results observed with 
one soil over the other is strictly a matter  of choice, based 
on what soil is judged to represent best the soil which the 
consumer is concerned with cleaning. EMPA cloth is com- 
monly used in Europe, whereas sebum soil is popular in the 
USA and Japan. For  purposes of discussion, the significance 
of results obtained with each soil are considered equal. 

Figure 12 shows the overlap of the opt imum detergency 
zones observed under typical European wash conditions 
using sebum-soiled cot ton and EMPA cloth. As shown, 
overlap occurs in two regions; one centered around LAS 
and LAS/soap formulations, and the other around mixtures 
high in N1 content.  Although mixtures from both overlap 
regions will provide opt imum performance, mixtures high 
in NI are not desirable due to the relatively high cost of 

nonionic. In addition, the foaming characteristics of  a 
surfactant blend must be considered since front-loading, 
horizontal- tub washing machines are principally used in 
Europe. Nearly all European HDP contain soap to control  
foam. Soap accomplishes this by preferentially binding 
with hardness ions which reduces the stabilizing effect 
residual hardness on LAS foam (6). However, by this 
very process, soap forms insoluble calcium and magnesium 
salts which can precipitate and build up on fabric, partic- 
ularly at high water hardness. (Single-cycle detergency 
testing would not show this.) Consequently, soap content  
should be minimized. 

Considering performance (Fig. 12), cost, and foam 
performance, a formulat ion consisting of primarily LAS 
with a minimum of soap to reduce foam would provide 
opt imum cost/performance.  Since nonionic is a relatively 
low-foaming surfactant, it could be added (at a higher cost) 
to help reduce the amount  of soap needed to control  
foam. This is the basis for many European LAS/NI/soap 
formulations. European hand-washing products,  which 
do not  require controlled foam, typically contain an all- 
LAS active. 

It should also be ment ioned that the trend towards 
lower wash temperatures in Europe will reduce the level 
of soap (or nonionic) needed to lower foam since foaming 
is temperature-dependent .  

JAPANESE M I X E D  A C T I V E  D E T E R G E N T S  

Japanese laundry detergents employ a variety of surfactant 
systems including mixtures of LAS, ES, AS and AOS. The 
1982 consumption of each of these surfactants for Japanese 
HDP is given in Table II. 

Approximately  80-90% of today's  Japanese laundry 
powders contain zeolite ( type A) builder. The remaining 
HDP contain phosphate. 

LAS 
SEBUM-COTTON 

A A 6~176 
m 

SOAP NI 

LAS 

SOAP 
150 ppm 

LAS 

38~ 

NI SOAP NI 
300  ppm 

FIG. 11. Detergency performance of LAS/NI/soap formulat ions  (0.5% use level) with  
phosphate  builder on sebum-soiled c o t t o n  c lo th  at  (A) 60 C (140 F), 150 ppm water hard- 
ness, (B) 38 C (100 F), 150 ppm w a t e r  hardness ,  and (C) 38 C (100 F), 300 ppm water  
hardness (using dodecyl-LAS/C12 "14 [60% EO] NI and ta l low-based  soap). 
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LAS 

b,p OF OPTIMUM 
IGENCY ZONES 

SOAP NI 

FIG. 12. Optimization of LAS/Nl/soap composition (overlap of 
optimum detergency zones obtained with dodecyl-LAS/C12-~4 
[60% EO] NI/tallow-based soap formulations [0.5% use level] 
with phosphate builder at 60 C [140 F],  150 ppm water hardness 
on sebum-soiled cotton and EMPA 101 cloths). 

J apanese  washing  c o n d i t i o n s  are u n i q u e  and  di f fer  great- 
ly f rom those  f o u n d  in Europe  and  the  USA. Typica l  wate r  
ha rdness  is very low (50  p p m  or below).  The  average 
washing t e m p e r a t u r e  is also lower ,  ranging f rom ca. 13 C 
(60  F) to  38 C ( 1 0 0  F). The  average use level ( 0 . 1 2 - 0 . 1 5 % )  
is a p p r o x i m a t e l y  the  same as used in the  USA, a l t hough  a 
typical  wash load in J apan  consis ts  more  of  a 50/50 b lend  
of  c o t t o n  and  n o n c o t t o n  fabrics.  

LAS/ES /AS  Detergency 

L A S / E S / A S  de te rgency  was e x a m i n e d  using the  su r fac tan t s  
and  tes t  c o n d i t i o n s  shown  in Tab le  V. Because the  typical  
wate r  ha rdness  in J apan  is low, de te rgen t s  no rma l ly  con ta in  
more  active and  less bu i lder  t h a n  those  f o u n d  in the  USA 
and Europe.  Consequen t ly ,  tes ts  were run on f o r m u l a t i o n s  
con ta in ing  25% to ta l  active wi th  20% bui lder .  

25% TOTAL ACTIVE/2O% BUILDER 

The  p e r f o r m a n c e  of  L A S / E S / A S  m i x t u r e s  u n d e r  typ ica l  
J a p a n e s e  washing  c o n d i t i o n s  is s h o w n  in Figure  13 for  b o t h  
p h o s p h a t e - b u i l t  and  zeol i te -bui l t  f o rmu la t i ons .  With  
p h o s p h a t e  f o r m u l a t i o n s  on p e r m a n e n t  press c lo th ,  o p t i m u m  
de te rgency  is o b t a i n e d  wi th  m i x t u r e s  high in LAS c o n t e n t  
and  wi th  i n t e r m e d i a t e  mix tu re s  c o n t a i n i n g  all t h ree  sur- 
fac tan ts .  On c o t t o n  c lo th ,  o p t i m u m  de t e rgency  is c e n t e r e d  
a r o u n d  LAS/ES  mixtures .  These  resul ts  are s imilar  to  those  
obse rved  u n d e r  typ ica l  US washing cond i t ions .  

With zeo l i te -bu i l t  f o rmula t ions ,  s igni f icant  changes  
occur  in p e r f o r m a n c e .  Overall de t e rgency  d imin i shes  
par t icu la r ly  on p e r m a n e n t  press c lo th .  T h e  o p t i m u m  
de te rgency  zone ,  which  charac te r i s t i ca l ly  cen te r s  a r o u n d  
the  aI1-LAS f o r m u l a t i o n  in p h o s p h a t e - b u i l t  mix tu res ,  is 
n o w  sh i f t ed  towards  LAS/ES  b lends  and  t h e  alI-ES mix tu re .  
T h e  oppos i t e  t r end  is observed  on  c o t t o n ,  where  o p t i m u m  

TABLE V 

Japanese LAS/ES/AS Detergency Study-- 
Surfactants and Test Conditions 

Surfactants 

LAS: Tridecylbcnzene sulfonate (NALKEN | 6 LAS) 

AS: Cl4-1s alcoholsulfatc-sodium salt (OXOCOL 1415 AS) 

ES: C14-~5 ether sulfate- 1.5 mol ethylene oxide (OXOCOL 
1415 ES) 

Test Conditions 

Formulation: 
Temperatures: 
Use level: 
Water hardnesses: 
Soil: 
Cloth : 

25% total active + 20% builder 
16 and 38 C (60 and 100 F) 
O. 133% 
50 ppm 
Sebum 
COttOn and permanent press 

LAS 16~ LAS 
50 ppm 

OSPHA 

AS P.PRESS ES AS COTTON ES 

LAS 

ZEOLITE 

AS P.PRESS ES 

LAS 

AS COTTON ES 

FIG. 13. Detergency performance of LAS/ES/AS mixtures under typical Japanese wash 
condit ions with phosphate  and zeolite builders (20% builder, "0.133% use level)(using 
25% total active formulations with tridecyl-LAS, C141s [1.5 mol EO] ES, C141s AS; 
at 16 C [60 F] and 50 ppm water hardness on sebum-soiled permanent press and cot ton  
cloths). 
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detergency is obtained by LAS/AS and LAS/ES blends and 
by formulations high in LAS and ES content.  These dif- 
ferences are largely the result of differences in wash-water 
ptt. Raising the pH of the wash liquor generally improves 
detergency, particularly' on sebum soil. Since phosphate 
supplies alkalinity, while zeolite does not, the differences 
observed here are unrealistic since wash-water pH is normal- 
ly controlled by addition of metasilicate. Addit ional  studies 
by the US laboratory show that there is little difference 
between detergency performance of phosphate-buil t  and 
zeolite-built formulations under typical Japanese wash 
conditions when metasilicatc is added. Overall detergency 
is slightly, diminished, primarily because of zeolitc 's slightly 
poorer efficiency in removing water hardness. However, as 
with phosphate builder, opt imum detergency is obtained 
using an all-l.AS or LAS/ES formulation. 

Optimization of LAS/ES/AS Detergency 
Because Japan's  typical wash conditions are very specific, 
optimization is simple. LAS provides otpimum performance 
and is the least costly surfactant. Under Japanese wash 
conditions, an alI-LAS active clearly gives opt imum cost/ 
performance. 

LAS/AOS Detergency 

The detergency performance of LAS/AOS mixtures was 
examined using commercial C14-(]1s AOS. The surf:tctants 
and test condit ions employed were the same as those 
described in Table V. Results of detergency testing using 
25% total active plus 20% phosphate formulations are 
shown in Figure 14. Optimum performance is obtained 
with the alI-LAS formulation on cotton and the 20/5 
I.AS/AOS blend on permanent press cloth. Overall deter- 
gcncy performance drops significantly as LAS is replaced 
with AOS, especially on permanent press cloth. 

Identical tests performed using 20% zeolite instead 
of phosphate. Overall detergency performance decreased in 
comparison to the phosphate-built  formulations. With both 
cotton and permanent press cloth, the 20/5 LAS/AOS 
formulation performed best. The synergistic effect of the 
20/5  LAS/AOS blend was also more pronounced with 
zeolite builder. 

The effect of temperature was also examined by re- 
peating the detergency tests at 38 C. Although 38 (" 
(100 F) is somewhat higher than typical Japanese wash 
temperatures, higher temperature was shown to improve 

REFLECTANCE(Rd) 

73 1 

72 

71 

I 1 I 

COTTON 

67 I I I 1 
25 20 15 10 5 
0 5 10 15 20 

COMPOSITION OF LAS/AOS ACTIVE 

FIG. 14. Detergency performance of LAS/AOS mixtures as a 
function of LAS-to-AOS ratio (using 25% total active tridecyl- 
I.AS/Ci4-zs AOS formulations [0.133% use level] with 20% phos- 
phate builder at 16 C [60 F] ,  50 ppm hardness nn sebum-suiled 
permanent press and cotton cloths). 

0 %LAS 
25 %AOS 

overall performance and reduce the differences in perform- 
ancc observed between various LAS/AOS blends. 

The effect of I.AS molecular weight was also examined. 
Tridecyl I.AS was observed to have a slight performance 
adwmtagc over dodecyl  LAS. 

Optimization of LAS/AOS Detergency 

Based strictly on performance, the best LAS/AOS/phosphate  
formulation (under Japanese wash conditions) would 
contain 20-25% LAS and 5-0% AOS. With zeolite builder, 
the opt imum formulation would bc the 20% LAS plus 5% 
AOS mixture. 
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