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A B S T R A C T  

Inorganic builders offer limited choice. Certain 
sodium aluminum silicates may be used as laundry 
detergents in combinat ion with sodium tr iphosphate 
(STP). Sodium aluminum silicates are available on an 
industrial scale. They are toxicologically and ecolog- 
ically safe, and because of their inorganic nature,  they 
do not  cause any problems concerning biological 
deg radab i l i t y ;  also, they do not  contr ibute to 
eutrophication. In our experience binary builder 
systems have proven useful. These consist of  STP and 
the sodium aluminum silicate, in which there is a 
balance between the chelating abili ty of STP and the 
ion exchanging ability of the sodium aluminum sili- 
cate. The technical manufacture of laundry deter- 
gents on this basis does not  present any fundamental  
problems and does not  require technological change. 

I N T R O D U C T I O N  

In the chemical industry, research and development  has 
responded to the worldwide discussion of  the eutrophi- 
cation of surface waters by phosphates by a search for new 
builder systems. This search turned out to be very difficult, 
as the technological, toxicological, and ecological properties 
of  new builders have to meet extraordinarily high stan- 
dards. 

A L T E R N A T I V E  I N O R G A N I C  BUt LDERS 

Recently, the focal po int  has shifted from organic to 
inorganic builders. In contrast to the greater variety of 
organic complexing agents and builders, inorganic builder 
substances are limited to  only relatively few types of 
compounds. They may be classified in two groups with 
regard to their solubility (Table I). 

There is a strong interest in inorganic builders, on the 
one hand, because of the lack of dependence on mineral oil 
as the raw material  base and, on the other hand, because 
problems of  biodegradabil i ty and possible metaboli tes  do 
not exist. 

I N O R G A N I C  BUILDERS 

Water-soluble Alkalizing Agents 

Among the water-soluble inorganic compounds,  there 

TABLE I 

Inorganic Builders 

Water-soluble compounds Water-insoluble compounds 

Sodium carbonate (Na2CO3) 

Na-silicate (xNa20"ySiO2) 
Na-diphosphate (Na4P207) 
Na-triphosphate (NasP3010) 

Certain Na-Al-silicates 
(Na20.A1203" 2SiO2"xH20) 
e.g., zeolite A 

are only limited possibilities for the application of  sodium 
carbonate and sodium silicate, as they contr ibute  to  the 
washing performance solely by the electrolyte effect and 
their alkalizing properties. The desirable abili ty to complex 
Ca and Mg ions is lacking. 

Water-soluble Complexing Agents 
L o w e r - c o n d e n s e d  phosphates, such as tetrasodium 

diphosphate (NaaP207)  and particularly the most fre- 
quently used pentasodium tr iphosphate ( N a s P 3 O l o )  pos- 
sess properties which are of far greater importance for the 
washing process. They contr ibute essentially to washing 
performance by the following effects: 

1. complexing of Ca ++ and Mg ++ ions, 
2. electrolyte effect and alkalization, 
3. specific washing action based on the interaction 

with solid surfaces. 
Thus any reduction of the phosphate content  in pres- 

ently used laundry detergents has a considerable influence 
on primary and secondary washing performance. Below a 
certain limiting concentration,  there is no free sodium 
triphosphate (STP) available for soil removal nor sufficient 
STP for complexing of hardness ions. Massive incrustations 
caused by the precipi tat ion of calcium and magnesium 
phosphates are the consequence (Fig. 1 ). 

Water-insoluble Ion Exchangers 

Until quite recently,  the idea of using water-insoluble 
builders in laundry detergents has not been seriously pur- 
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FIG. I. Phosphate reduction - effects on primary and sec- 
ondary washing performance. 
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sued by the detergent industry. The research data and 
results on specific sodium aluminum silicates therefore 
present a totally new alternative in the search for phosphate 
replacement. In the course of numerous studies we have 
found that regularly crystallized (cubic) types of  sodium 
aluminum silicates are particularly useful in the washing 
process, especially certain varieties of  zeolite A, which we 
call SASIL| Most of the data discussed below have been 
obtained with zeolite A, which is referred to in particular 
when we speak of sodium aluminum silicates. 

The ion exchange behavior of these sodium aluminum 
silicates depends on size and hydration of the ions. Not 
only Ca and Mg ions are exchanged, but also Pb, Cu, Ag, 
Cd, Zn, and Hg ions. While the elimination of Ca ions, and 
to a lesser extent of the Mg ions, is of  considerable impor- 
tance for the washing process, the ability to exchange heavy 
metal ions is to be viewed from an ecological viewpoint, 
which will be discussed later on. 

The ion exchange is not only dependent on ion size, but 
also on concentration, time, temperature, and pH. Figure 2 
shows that the exchange kinetics depend on concentration 
and time. Ca ions are exchanged in a very short period of 

TABLE II 

Property Profiles of Inorganic Builders 

A. Water-soluble complexing B. Water-insoluble ion exchangers 
agents 

Representative example STP Representative example zeolite 
A 

1. Complexing of multivalent 1. Binding capacity for multival- 
ions ent ions by ion exchange 

2. Alkaline reaction 2. Alkaline reaction 

3. Specific adsorption to pig- 3. Adsorption of molecularly dis- 
merits and fibers persed substances 

4. Specific electrostatic 4. Heterocoagulation with pig- 
charges of pigments and merits 
fibers 

5. Removal of multivalent ions 5. Crystallization surface for 
from within the dirt and sparingly soluble compounds 
from fibers 

6. Nonspecific electrolyte 
effects 
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FIG. 4, Ca++-binding by chelation and ion exchange. 

time, whereas the exchange of Mg ions takes a little longer. 
With increasing temperature, however, the rate of  exchange 
increases. This may be explained by the larger hydration 
shell of the Mg ion, which slows down the exchange at 
lower temperatures. With increasing temperature, however, 
the hydration shell becomes smaller. 

According to our present knowledge, the use of sodium 
aluminum silicates alone, that is to say without  further 
addition of builders, will result in reduced washing perform- 
ance. Better results are obtained if combinations of sodium 
aluminum silicate and water-soluble complexing agents are 
used; these are able to take up multivalent ions - again 
particularly Ca and Mg ions - from solid surfaces and to 
pass them on to the ion exchanger sodium aluminum sili- 
cate after transport through the aqueous medium. This 
property can best be explained as a carrier effect with the 
following stages: (a) sorption of carrier on the interface 
textile fiber/dirt, (b) complexing of Ca and Mg ions, (c) 
transport from the solid interface textile fiber/dirt through 
the wash liquor to the sodium aluminum silicate surface, 
(d) dissociation of the complex consisting of carrier and Ca 
and Mg ions, (e) ion exchange of Ca and Mg against Na in 
the sodium aluminum silicate crystal, (f) sorption of carrier 
on the interface textile fiber/dirt, (g) complexing of Ca and 
Mg ions, and so on (Fig. 3). 

B I N A R Y  BUI  LDER SYSTEMS 

Differences between Water-soluble Complexing 
Agents and Water-insoluble Ion Exchangers 

If we compare the property profiles of  water-soluble 
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FIG. 5. Interactions in the binary builder system STP/SASIL. 

complexing agents and water-insoluble ion exchangers, 
similarities as well as differences are noticeable (Table II). 

The different properties of STP and sodium aluminum 
silicates can be explained by differences in solubility and in 
the action mechanism of eliminating the constituents of 
water hardness. In the case of STP, Ca is bound by chela- 
tion, in the case of sodium aluminum silicate, by ion 
exchange (Fig. 4). Further differences result from the 
marked adsorption capability of the triphosphate anion. 

Interactions between STP and 
Sodium Aluminum Silicate 

in the wash liquor there will be a competitive reaction 
between the complexing agent STP and the ion exchanger 
sodium aluminum silicate. In suitable formulations (Fig. 5) 
the properties of STP and sodium aluminum silicates may 
complement one another. In the binary builder system both 
builders contribute to the elimination of Ca and Mg ions. If 
the phosphate content is reduced, it is important  that the 
STP is not "used up" in complexing of the constituents of 
water hardness, but that some free STP is available for 
other processes. The capacity available in the zeolite for the 

whiteness 

120 

I O0 

8O 

60 

40 

20 

I 
I 
I 

./'/I / / "  / 
~m~N STP 

STP / SASIL 

I 
I 
I 
[ detergent 

| I I | I 

4 5 6 7 8 (g/l) 

I 
too dosage normal 
low 

FIG. 6. Washing performance of STP- and STP/SASIL-based 
heavy duty laundry detergents. 

binding of Ca and Mg ions is only partially used. This re- 
serve capacity is important on the one hand, with respect to 
the "suction effect" concerning Ca and Mg ions, and on the 
other hand, with respect to the rinsing process, in which 
further Ca and Mg ions are introduced into the wash liquor 
with each addition of rinsing water. By the combinat ion of 
STP and sodium aluminum silicates, the region that is criti- 
cal with regard to the formation of incrustations with 
decreasing STP concentrations is significantly lowered. The 
result is an overall increase of the Ca binding capacity in the 
binary system of STP/sodium aluminum silicate, which, in 
turn, has a positive influence on the washing performance. 

Surfactant Optimization 

The binary builder system STP/SASIL insures excellent 
secondary washing results, that is to say, that incrustations 
by the precipitation of Ca and Mg phosphate are largely 
avoided. By a gradual exchange of STP by SASIL in heavy 
duty laundry detergents, the primary washing performance 
falls off to some extent. However, it is possible not  only to 
compensate for this effect, but  even to improve the primary 

TABLE III 

Toxicological Tests 

Objective Testing method Result 

Toxicity acute 8 days 
subaeute Rat, oral 90 days 
chronic 2 years 

Local irritation Man, mouse, rabbit 

Inhalation 
Model experiments 

Inhalation experiments 

Intraperitoneal and 
intratracheal 
alveolar macrophages 

Rat, 90 days 

Rat, 2 years 

SASIL is nontoxic - even 
at high concentrations 
from 9/76, to date no effect 
No effect 
slight mechanical irritation, 
reversible 

SASIL is not silicogenic 
SASIL is an inert dust 
minimal cytotox ic i ty  

SASIL does not cause 
histological damage 
from 2/76, to date no effect 
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TABLE IV 

Comparison of Normal Phosphate-based and SASIL-based 
Laundry Detergents - Toxicological Tests 

Objective 

Heavy duty laundry detergent 

With 40% STP With 20% STP and 20% S A S I L  

Toxicity 
rat, oral 

Dermal irritancy 
mouse, man 
patch test 

Mucous membrane irritancy 
rabbit 

Inhalation 
testing for silicogenic 
properties 

LDs0 > 5g/kg LD50 > 5g/kg 

No significant differences following 
intracutaneous or epicutaneous administration 

No significant differences 

Not tested After three months: no effect 

TABLE V 

SASIL -- Influence on Biological Sewage Treatment  

Objective Testing method Result 

Aerobic degradation OECD-screening test compact 
sewage plant trickling filter 

OECD-confirmatory test 

Laboratory digesters 

Confirmatory test in 
sewage plant 

Anaerobic degradation 

Nitrification 

Even at high concentrations 
no influence on biodegrada- 
tion 

After adaptation of system 
positive influence 

No influence on the develop- 
ment of digester gas 

Significantly positive influ- 
ence of SASIL 

TABLE VI 

Project: "Environmental Behavior of SASIL" Field Test Stuttgart-B/Jsnaua 

Objective Result 

Composition of sewage 

Fate of SASIL 

Influence on sewage treatment efficiency 

Average concentration of SASIL: 25 mg/1 
P - load lowered by 55% 

60% Sandtrap and preliminary clarification 
34% Biological clarification 

6T Effluent 

No influence could be detected, results: 
Decrease MBAS 94% 
Decrease BiAS 91% 
COD-decrease 81% 
BOD-deerease 96% 
Retention P 17% 
Retention N 33% 
Nitrification and 
sludge treatment Unchanged 

aDuration of test: March 1976-March 1977. 

washing pe r fo rmance  by  sui tably opt imiz ing  the formula-  
t ion wi th  regard to the sur fac tan ts  (Fig. 6). 

Types  and amoun t s  o f  surface-active agents are impor-  
tant  factors.  Combina t ions  of  anionic wi th  non ion ic  surfac- 
tants  as well as special c o m b i n a t i o n s  solely based on lower  
and higher  e thoxy la t ed  fa t ty  alcohols  have been  shown  to  
be part icularly suitable. 

Field Tests 

Heavy du ty  laundry detergents ,  based on the  binary 
bui lder  sys tem STP/SASIL wi th  op t imized  fo rmula t ions  
were  s tudied  in mode l  exper iments ,  and subsequen t ly  
tes ted in panel  tests  and on  test markets .  The comple t e  
removal  o f  the new water- insoluble  ingredients  was given 

special a t t en t ion .  As it tu rned  out,  no deposi ts  o f  SASIL 
could be observed in washing mach ines  or on textiles.  
Sys temat ic  analyses have shown  a good consumer  accep- 
tance  o f  the  new laundry  de tergent .  

MANUFACTURE AND PROCESSING OF 
S O D I U M  A L U M I N U M  Sl LICATES 

Technical Manufacture 

There are two  possibili t ies for the  large-scale p r o d u c t i o n  
of  sod ium a luminum silicates: 

1. r e a c t i o n  of  sod ium silicate w i th  sod ium alumin- 
ate in an aqueous  alkaline so lu t ion  

Na2SiO3-~H20 + NaA102-xH20 NaOHI~ �9 x H 2 0  

sodium silicate sodium aluminate 

Na 20- A 12 O3. 2SIO2" xH2 ~ 

SASIL (empiric formula) 
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ment (experimental model using modified OECD-confirmatory 
test.) Results: (a) Shortly after onset of test slight inhibition of 
activated sludge, then normal elimination. 

2. h y d r o t h e r m a l  convers ion  o f  kao l in  in  concen-  
t r a t e d  s o d i u m  h y d r o x i d e  

N a O H  �9 xH20 
A 1203"2SIO2 ,~- Na20"A1203"2SiO2"xH20 

kaolin SASIL (empiric formula) 

B o t h  processes  are t echn ica l ly  feasible b u t  f u r t h e r  discus- 
sion is n o t  poss ible  in the  t ime  a l lowed here.  

In the  m a n u f a c t u r e  o f  SASIL-based  de te rgen ts ,  t he  new 

raw ma te r i a l  m a y  be  i n t r o d u c e d  via the  s lur ry  in the  usual  
spray d r y i n g  process .  T h e r e  is no  need  for  t echno log ica l  
changes.  

E N V I R O N M E N T A L  B E H A V I O R  

The  large-scale use o f  sod ium a l u m i n u m  silicates in 
l aundry  de t e rgen t s  is d e p e n d e n t  on  the  p r o o f  of  tox ico-  
logical and  ecological  safety.  Our  tes t ing  p rog rams  were  
designed to mee t  i n t e r n a t i o n a l  r e q u i r e m e n t s  for  the  clear- 
ance of  new chemicals .  

Studies to Establish Toxicological Safety 

The  s tud ies  ranged f r o m  the  d e t e r m i n a t i o n  of acute ,  
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subacu te ,  and  ch ron ic  t ox i c i ty  to i n h a l a t i o n  s tudies  (Table 
III). With rese rva t ion  as to  the  o u t c o m e  of  the  long  t e rm  
tox ic i ty  results ,  i t  m a y  be said t h a t  n o t h i n g  has been  f o u n d  
t ha t  migh t  d e t e r  the  use of  SASIL in de te rgents .  Resul ts  o f  
the  2-year  feed ing  s tudy  and  the  2-year  i n h a l a t i o n  s tud ies  
are expec t ed  b y  the  end  o f  1978.  

The  s tudies  inc luded  n o t  on ly  the  c o m p i l a t i o n  o f  the  
tox ico logica l  da ta  o f  SASIL,  b u t  also of  SASIL-based  de ter -  
gents.  Compara t i ve  tes t ing  of  n o r m a l  p h o s p h a t e - b a s e d  and  
l o w - p h o s p h a t e / S A S I L - b a s e d  de t e rgen t s  revealed no  toxi-  
cological  d i f fe rences ,  wh ich  m e a n s  t h a t  the re  shou ld  be  n o  
hea l th  hazard  for  the  c o n s u m e r  o f  SASIL-based  l a u n d r y  
de te rgen t s  (Tab le  IV). 

Studies to Establish Ecological Safety 

Ecological  s tudies  ranged f rom m o d e l  e x p e r i m e n t s  to  
ex tens ive  field tests.  Here, the  crucia l  ques t ions  c o n c e r n e d  
the  poss ib i l i ty  o f  s e d i m e n t a t i o n  of  SASIL in h o u s e h o l d  or  
c o m m u n a l  sewerage sys tems,  or a possible  i m p a c t  of SASIL  
on  aquat ic  sys tems  or the  o p e r a t i o n  of sewage t r e a t m e n t  
plants .  A n o t h e r  crucial  p o i n t  was the  ques t ion  of  heavy  
meta ls  be ing  r emob i l i zed  f rom lake and  river sed iments .  

TABLE VII 

SASIL - Chronic T o x i c i t y  to Water  Organisms  

Organism Testing method Result 

Algae  AAP-test in shaking f lask N o t  tox i c ;  no  s t i m u l a t i o n  of 
and field tests algal g r o w t h  

Water-fleas Slowly rota t ing  f lask  N o  e f f ec t ,  normal life cycles 
Mussels and tubifex Laboratory  river model No effect, no a c c u m u l a t i o n  
Fish Aquarium, arena basin, N o t  tox i c  

artificial lake 

TABLE VIII 

SASIL - Uptake and Release of Heavy Metals (Me) 

Medium Testing method Result 

Normal (mineral) water -- Stirring of SASIL and Me 
s y n t h e t i c  tap water, 16~ in closed system 

Municipal sewage - 
pretreated 

River water - Rhine 

Flow system pressure filter 

Shaking in closed system 
exclusion of oxygen 

Me/SASIL - binding; no com- 
plete desorption or remobiliza- 
tion 
Signi f i cant  uptake of added Me, 
minimal remobilization 
No remobilization of sediment- 
bound Me by SASIL 
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Luckily, the ecological studies showed nothing that 
might prevent the use of SASIL in detergents. No evidence 
of sedimentation of SASIL was found in either the product 
tests or the large-scale field test of 1-year duration in 
Stuttgart-B/isnau. The 960 households connected to the 
municipal sewage treatment plant, which serves research and 
teaching purposes, were provided exclusively with a SASIL- 
based detergent. No negative influence of SASIL on bio- 
logical wastewatertreatment could be found; on the con- 
trary, significantly positive effects were encountered in the 
biodegradation of surfactants in the OECD confirmatory 
test and in the nitrification process (Tables V and VI and 
Fig. 7). 

During the 1-year large-scale test in Stuttgart-Biisnau no 
influence of SASIL on the operation of the sewage treat- 
ment plant could be found. SASIL was almost quanti- 
tatively eliminated in the process of wastewater treatment. 
SASIL is nontoxic to water organisms (Table VII). 

As mentioned above, ion exchange by SASIL is not 
limited to Ca and Mg ions; heavy metals are also exchanged. 
This effect contributes considerably to the detoxification 
of wastewater. However, the question of recycling heavy 
metal/SASIL containing sewage sludges for agricultural use 
remains to be clarified. A final answer to this question can 
only be given after several agricultural cycles (Table VIII 
and Fig. 8). 

MACRO-ECONOMICAL CONSIDERATIONS 

STP is an ideal builder in laundry detergents, which 

significantly contributes to meet the requirements of 
hygiene and cleanliness. Because of the contr ibut ion of 
phosphates to the eutrophication of surface waters, deter- 
gent phosphate limitations and bans are to be expected in 
Europe and in the U.S., regardless of the fact that chemical 
precipitation of phosphates in sewage treatment plants is 
the more effective approach to solve the problem. The 
addition of tertiary treatment to existing sewage treatment 
plants will cause additional expenses in the order of 10% of 
the cost of mechanical and biological sewage treatment.  

The partial replacement of STP by sodium aluminum 
silicates will not solve the eutrophication problem. What will 
be achieved, however, is a decrease in the total amount  of 
phosphates entering the surface waters. Also, SASIL is 
fairly easily accessible today. Manufacturing costs of STP 
and sodium aluminum silicates may be in the same order of 
magnitude. Thus, the costs of low-phosphate SASIL-based 
laundry detergents may be influenced by the location of 
the  product ion  facilities and surfactant optimization 
(amount  and nature of the surfactants used). In spite of the 
very considerable expenses incurred both in research and 
development and in the investigation of the environmental 
behavior, the use of sodium aluminum silicates in laundry 
detergents will not  have any negative macro-economical 
consequences. 
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