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(57) ABSTRACT 

AWashing method is described Which has excellent Washing 
poWer and a loW surfactant concentration. The described 
clothes Washing method comprises the use of a phosphorus 
free clothes detergent composition comprising (a) one or 
more surfactants, (b) one or more alkali metal silicates, and 
(c) one or more metal ion capturing agents other than the 
alkali metal silicate The above detergent composition is 
added to Water in an amount sufficient to produce a Washing 
liquid having the following Washing conditions (1) a pH of 
not less than 10.60; (2) containing a material having an ion 
capturing capacity in an amount sufficient for theoretically 
changing the Water hardness of said Water to be not more 
than 05° DH; and (3) having a surfactant concentration of 
from 0.07 to 0.17 g/L. 

17 Claims, 1 Drawing Sheet 
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WASHING METHOD AND CLOTHES 
DETERGENT COMPOSITION 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a 371 of PCT/JP95/01750 ?led Sep. 
01, 1995. 

TECHNICAL FIELD 

The present invention relates to a Washing method and a 
phosphorus-free clothes detergent composition. More 
speci?cally, the present invention relates to a Washing 
method capable of having excellent Washing poWer With a 
loW surfactant concentration in the Washing liquid and a 
small dosage, and a clothes detergent composition capable 
of achieving given Washing conditions With a small amount 
of dosage thereof. 

BACKGROUND ART 

Various kinds of chelating agents, ion exchange materials, 
alkaliZers, and dispersants have been knoWn to be used for 
builders to be blended in detergents. Since the phosphate 
based chelating agents having tripolyphosphates as a main 
component thereof have good Water solubility and Washing 
poWer, they are preferred. 

In recent years, the use of tripolyphosphates has 
decreased, since they can cause eutrophication in closed 
freshwater areas such as lakes and marshes. Instead, crys 
talline aluminosilicates (Zeolites), typically those disclosed 
in Japanese Patent Laid-Open No. 50-12381, have been 
commonly used. In a detergent blend using the above 
Zeolite, the standard amount of dosage for the detergent in 
Japan is generally about 40 g/30 L. Also, the poWdery 
detergents available at that time had loW bulk density of 
from 0.20 to 0.45 g/ml from the viewpoint of solubility in 
cold Water. As a result, the standard volumetric amount of 
dosage Was about from 90 to 200 ml/30 L, Which Were 
extremely inconvenient for handling in distribution, at stores 
and homes. 

Therefore, an intense investigation has been made to 
produce compact detergents. For instance, Japanese Patent 
Laid-Open Nos. 62-167396, 62-167399, and 62-253699 
disclose remarkable decrease in the amount of crystalline 
inorganic salts such as sodium sulfate used as poWdery aids 
conventionally contained in detergents. In addition, Japa 
nese Patent Laid-Open Nos. 61-69897, 61-69899, 61-69900, 
and 5 -209200 disclose that by increasing the bulk density of 
the detergents, to thereby have a bulk density of from 0.60 
to 1.00 g/ml, only a standard amount of dosage of 25 to 30 
g/30 L is required, thereby making the detergents compact to 
have standard volumetric amount of dosage of from 25 to 50 
ml/30 L. 

HoWever, in conventional detergents, a large amount of 
surfactants had to be blended in the detergent compositions 
because the mainstream idea Was to make the oily compo 
nents in dirt soluble by surfactants. Speci?cally, sebum dirt 
originated by human bodies, Which is the most typical dirt 
adhered to clothes, most likely to be observed on collars and 
sleeves, is an example. The sebum dirt contains oily 
components, such as free fatty acids and glycerides, With a 
high content of not less than 70% (Ichiro KASHIWA et al., 
“Yukagaku,” 19, 1095 (1969)). The oily components lock 
carbon and dirt in dust and peeled keratin, so that the 
resulting substance is observed as dirt. In order to Wash off 
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2 
the sebum dirt, conventionally, detergents are designed 
based on a Washing mechanism mainly by making these oily 
components soluble With micelle of surfactants, thereby 
detaching carbon, dirt, and keratin from clothes. This tech 
nical idea has been Widely established among those of 
ordinary skill in the art, and even When the conventional 
detergents are shifted to compact detergents, substantially no 
changes took place in the surfactant concentration in the 
Washing liquid. This fact is described in “Dictionary for 
Detergents and Washing,” Haruhiko OKUYAMA et al., p. 
428, 1990, First Edition, Asakura Publishing Company 
Limited, Which shoWs that there are substantially no changes 
in concentrations in the Washing liquid for components other 
than sodium sulfate. 

Based on these Washing principles, the surfactant concen 
tration in the Washing liquid has to be made high in order to 
achieve high Washing poWer, so that a large amount of 
surfactants has to be blended in the detergent composition. 
Therefore, a drastic reduction in the standard amount of 
dosage of the detergents Was actually dif?cult. In addition, 
the presently knoWn production method substantially 
enables to increase the bulk density to a level of about at 
most 1.00 g/ml. Therefore, a further reduction in the stan 
dard volumetric amount Was deemed to be technically 
extremely dif?cult problem. 
On the other hand, crystalline silicates having particular 

structure disclosed in Japanese Patent Laid-Open Nos. 
5-184946 and 60-74595 shoWs not only good ion exchange 
capacity and actions of alkaliZers (alkaline capacity). 
Therefore, possibility of more compact detergents has been 
investigated because both of the functions of tWo different 
components, including metal ion capturing agents, such as 
Zeolites, and alkaliZers, such as sodium carbonate, can be 
satis?ed With the above crystalline silicates alone. 

For instance, Japanese Patent Laid-Open No. 6-116588 is 
concerned With a detergent composition containing a crys 
talline silicate. In Examples of this publication disclosing a 
more compact detergent, even in a case Where the amount of 
the detergent composition at Washing is reduced by 25%, the 
detergent composition has a Washing poWer substantially the 
same as conventional detergent compositions. HoWever, 
since the composition Was formulated based on the conven 
tional Washing principle, the surfactant concentration Was 
high, and the alkaline capacity and the ion exchange capac 
ity Were ascribed solely to the crystalline silicates contained 
therein. In this case, the functions of the crystalline silicates 
as alkaliZers precede their functions as metal ion capturing 
agents, so that the Washing poWer of the detergent compo 
sition Was not alWays satisfactory. Therefore, if the amount 
of dosage of the detergent composition Were reduced, a good 
Washing poWer could not maintained. 
A number of patent applications have been ?led concern 

ing the crystalline silicates disclosed in Japanese Patent 
Laid-Open NO. 60-74595. Japanese Patent Unexamined 
Publication No. 6-502199 discloses a detergent comprising 
a layered crystalline silicate, a Zeolite, and a polycarboxylate 
in particular proportions, to thereby provide a detergent free 
from providing ?lm layer formation on ?bers and having 
excellent Washing poWer and bleaching agent stability. 
HoWever, under the blending conditions given in this 
publication, When the amount of the detergents added Was 
reduced at Washing, the alkaline capacity is not suf?cient 
because the amount of silicate in the builder composition is 
small, thereby making it impossible to maintain good Wash 
ing poWer. Also, this publication never teaches the technical 
idea that an excellent Washing poWer is exhibited in a small 
amount of dosage of detergents. 
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The technical idea that an excellent Washing power is 
exhibited in a small amount of dosage of detergents as in the 
present invention cannot be found for detergents containing 
crystalline silicates disclosed in Japanese Patent Unexam 
ined Publication 6-500141, Japanese Patent Laid-Open Nos 
2-178398 and 2-178399. Rather, in the case Where the 
amounts of the detergent compositions shoWn in each of 
Examples are reduced, the Washing poWer is loWered. 

Further, US. Pat. No. 4,303,556 and EP-A-0550048 
disclose detergent compositions comprising surfactants, 
aluminosilicates, and alkali metal silicates. HoWever, these 
publications do not disclose that the detergent compositions 
shoW high Washing poWer even When the surfactant con 
centration is loW. 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a Washing 
method With excellent Washing poWer While having a loW 
surfactant concentration by restudying a concept of the 
Washing mentioned above. 

Another object of the present invention is to provide a 
phosphorus-free clothes detergent composition suitably giv 
ing characteristic Washing conditions of the above Washing 
method, to thereby make it possible to Wash clothes With the 
detergent composition With a considerably smaller standard 
amount of dosage than conventional compact laundry deter 
gent products requiring about 25 to 30 g/ 30 liters. 

In vieW of the above problems, the present inventors have 
studied the relationship betWeen clothes Washing conditions 
and Washing poWer in an extremely simpli?ed Washing 
system. As a result, they have developed a novel detergent 
composition Which is suf?cient for use in small amounts. 

Speci?cally, after intensely studying the in?uence of the 
pH and the Water hardness of the Washing liquid to Washing 
poWer, the present inventors have found the folloWing. The 
higher the pH is and the loWer the Water hardness is, the 
dependency of Washing poWer on the concentration of the 
surfactant becomes loWer. In the case of high Water hardness 
With high pH, the Washing poWer drastically loWers in spite 
of high pH. Also, in the case Where a detergent containing 
a surfactant is used Without adding an alkaliZer, the detergent 
has a loW Washing poWer at a loW Water hardness, but its 
Washing poWer dependency on the Water hardness becomes 
sufficiently loWer than that of detergents containing alkal 
iZers. From the above results, the present inventors have 
aimed at the relationship betWeen the Washing liquid and 
dirt. 
As explained in the prior art section, sebum stains, Which 

are typical stains adhered to clothes, contain fatty acids and 
glycerides. The stains presumably are a mixture of these 
organic substances, carbon, and mud-dirt or keratin. When 
the Washing liquid has a high pH, the content of the fatty 
acid increases due to a hydrolysis of glycerides, and the fatty 
acids proceed to form into salts With an alkali metal. Alkali 
metal salts of fatty acids are soaps by Which suspension of 
dirt in the Washing liquid is promoted. HoWever, the reaction 
of the fatty acid forming a salt is a competitive reaction With 
calcium ions and magnesium ions in hard Water. Since the 
alkali metal salts of fatty acids form scum With calcium ions 
and magnesium ions, in the case of high Water hardness, the 
stains are solidi?ed Without being released from the inter 
face With the cloth. For the above reasons, high pH and loW 
Water hardness of the Washing liquid results in excellent 
Washing poWer, and high Water hardness of the Washing 
liquid results in loW Washing poWer. In addition, in the case 
Where an alkaliZer is not included, since sebum stains are 
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4 
Washed by the strength of the surfactant alone, dependency 
on the Water hardness Would be considerably smaller than 
those containing an alkaliZer. 
From the above phenomena, the present inventors have 

found one of the reasons Why the detergent composition is 
able to achieve substantially the same level or better Wash 
ing poWer compared With conventional detergents While 
having a loWer surfactant concentration than the conven 
tional ones. Asoap obtained by saponifying the fatty acid in 
stains due to loW Water hardness and high pH has excellent 
Washing poWer, thereby making it possible to use a 
phosphorus-free clothes detergent composition With a 
smaller standard amount of dosage than conventional deter 
gents depending on surfactants. The present invention has 
been based upon these ?ndings. 

Accordingly, the gist of the present invention is as fol 
loWs: 
(1) A clothes Washing method using a phosphorus-free 

clothes detergent composition comprising a surfactant, an 
alkali metal silicate, and a metal ion capturing agent other 
than the alkali metal silicate, the Weight ratio of the alkali 
metal silicate to the metal ion capturing agent other than 
the alkali metal silicate being not more than 5/1, the 
method comprising the step of Washing clothes in a 
Washing liquid having the folloWing Washing conditions: 
(1) The Washing liquid having a pH of not less than 10.60; 
(2) The Washing liquid containing a material having an 

ion capturing capacity in an amount sufficient for 
theoretically changing a Water hardness of Water for 
Washing to be not more than 05° DH; and 

(3) The Washing liquid having a surfactant concentration 
of from 0.07 to 0.17 g/L; 

(2) The Washing method described in (1) above, Wherein the 
concentration of the detergent composition in the Washing 
liquid is from 0.33 to 0.67 g/L for the Water for Washing 
With 2 to 60 DH; 

(3) The Washing method described in (1) above, Wherein the 
concentration of the detergent composition in the Washing 
liquid is from 0.50 to 1.20 g/L for the Water for Washing 
With 6 to 100 DH; 

(4) The Washing method described in (1) above, Wherein the 
concentration of the detergent composition in the Washing 
liquid is from 0.80 to 2.50 g/L for the Water for Washing 
With 10 to 200 DH; 

(5) A phosphorus-free clothes detergent composition com 
prising components (a) to (c): 
(a) a surfactant; 
(b) an alkali metal silicate; and 
(c) a metal ion capturing agent other than component (b), 

Wherein a total amount of (a), (b), and (c) components 
occupies 70 to 100% by Weight of the entire composition, 
and Wherein the Weight ratio of component (b) to component 
(a) is b/a=9/1 to 1/2, and the Weight ratio of component (b) 
to component (c) is b/c=5/1 to 1/15; 
(6) The clothes detergent composition described in (5) 

above, Wherein the Weight ratio of component (b) to 
component (a) is b/a=9/1 to 9/11, and the Weight ratio of 
component (b) to component (c) is b/c=4/1 to 1/15; 

(7) The clothes detergent composition described in (5) or (6) 
above, Wherein the surfactant contains a nonionic surfac 
tant in an amount of 50 to 100% by Weight; 

(8) The clothes detergent composition described in (7), 
Wherein the nonionic surfactant is a polyoxyethylene 
alkyl ether having an ethylene oxide moiety With an 
average molar number of from 5 to 15 and an alkyl moiety 
With average carbon atoms of from 10 to 18; 



US RE38,411 E 
5 

(9) The clothes detergent composition described in any one 
of (5) to (8) above, Wherein the alkali metal silicate is 
contained as an alkaliZer in an amount of 50 to 100% by 
Weight of the entire alkaliZer; 

(10) The clothes detergent composition described in any one 
of (5) to (9) above, Wherein the ratio of SiO2/M2O for the 
alkali metal silicate, M standing for an alkali metal, is 
from 0.5 to 2.6; 

(11) The clothes detergent composition described in any one 
of (5) to (10) above, Wherein the alkali metal silicate is 
crystalline; 

(12) The clothes detergent composition described in (11) 
above, Wherein the crystalline alkali metal silicate is 
represented by the folloWing formula (I): 

XM2O-ySiO2-ZMemO,,-WH2O (I) 

Wherein M stands for an element in Group Ia of the 
Periodic Table; Me stands for one or more elements 
selected from the group consisting of Group 11a, 11b, 
IIIa, IVa, and VIII; y/X is 0.5 to 2.6; Z/X is 0.01 to 1.0; 
n/m is 0.5 to 2.0; and W is 0 to 20; 

(13) The clothes detergent composition described in (11) 
above, Wherein the crystalline alkali metal silicate is 
represented by the folloWing formula (II): 

Wherein M stands for an alkali metal; X‘ is 1.5 to 2.6; and 
y‘ is 0 to 20; 

(14) The clothes detergent composition described in any one 
of (5) to (13) above, Wherein the (0) metal ion capturing 
agent contains a carboXylate polymer having a Ca ion 
capturing capacity of not less than 200 CaCO3 mg/g in an 
amount of not less than 10% by Weight; 

(15) The clothes detergent composition described in any one 
of (5) to (14) above, Wherein the (c) metal ion capturing 
agent comprises: 
(c-i) a carboXylate polymer having a Ca ion capturing 

capacity of not less than 200 CaCO3 mg/g; and 
(c-ii) an aluminosilicate having an ion eXchange capacity 

of not less than 200 CaCO3 mg/g and having the 
folloWing formula (III): 

Wherein M stands for an alkali metal; X“, y“, and W“ each 
stands for a molar number of each component; X“ is from 0.7 
to 1.5; y“ is from 0.8 to 6.0; and W“ is from 0 to 20, and 
Wherein the Weight ratio of (c-i) component to (c-ii) com 
ponent is (c-i)/(c-ii)=1/20 to 4/1, and the total amount of 
(c-i) and (c-ii) components occupies 70 to 100% by Weight 
based on the (c) metal ion capturing agent; and 
(16) The Washing method described in (1) above, Wherein 

the clothes detergent composition described in any one of 
(5) to (15) above is used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description given hereinbeloW and the 
accompanying draWings Which are given by Way of illus 
tration only, and thus, are not limitative of the present 
invention, and Wherein: 

FIG. 1 is a graph shoWing a calibration curve of the 
relationship betWeen the logarithm of the calcium ion con 
centration and the voltage; and 
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FIG. 2 is a graph shoWing the relationships betWeen the 

amount of samples added dropWise and the calcium ion 
concentration. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The Washing method of the present invention, using a 
phosphorus-free clothes detergent composition comprising a 
surfactant, an alkali metal silicate, and a metal ion capturing 
agent other than the alkali metal silicate, the Weight ratio of 
the alkali metal silicate to the metal ion capturing agent other 
than the alkali metal silicate being not more than 5/1, is 
characteriZed by using a Washing liquid having the folloW 
ing Washing conditions: 

(1) The Washing liquid having a pH of not less than 10.60; 
(2) The Washing liquid containing a material having an 

ion capturing capacity in an amount sufficient for 
theoretically changing a Water hardness of Water for 
Washing to be not more than 05° DH; and 

(3) The Washing liquid having a surfactant concentration 
of from 0.07 to 0.17 g/L. 

Here, the Washing conditions are given for Washing 
liquids including no clothes to be Washed. 
By setting the Washing conditions as given above, the 

resulting Washing poWer is excellent While having a loW 
surfactant concentration, thereby making the standard 
amount of dosage of the detergents smaller than the con 
ventional ones. When the Weight ratio of the alkali metal 
silicate to the metal ion capturing agent other than the alkali 
metal silicate eXceeds 5/1, suf?cient Washing poWer cannot 
be obtained even if the above conditions are satis?ed. 

In the Washing method of the present invention, the 
preferred Washing conditions for each of the Washing con 
ditions (1) to (3), are as folloWs. 

(1‘) The Washing liquid having a pH of from 10.85 to 
11.00, more preferably from 10.90 to 11.00; 

(2‘) The Washing liquid containing a material having an 
ion capturing capacity in an amount sufficient for 
theoretically changing a Water hardness of Water for 
Washing to be 0° DH, more preferably in an amount 
sufficient for theoretically giving so loW a Water hard 
ness as —1° DH; and 

(3‘) The Washing liquid having a surfactant concentration 
of from 0.08 to 0.14 g/L, more preferably from 0.08 to 
0.11 g/L. 

In addition, the Weight ratio of the alkali metal silicate to 
the metal ion capturing agent other than the alkali metal 
silicate is preferably 4/1 to 1/15, more preferably 3/1 to 1/15. 

Incidentally, a preference is given to those satisfying all of 
the preferred Washing conditions, but by satisfying one or 
more of the above preferred Washing conditions, the effects 
of the present invention are markedly exhibited. 

In addition, although a concrete speci?c amount of 
dosage, i.e. the detergent concentration in the Washing 
liquid, depends upon the Water hardness of the Water for 
Washing used, the additional or reduced amount thereof 
varies depending upon the amount of the metal ion capturing 
agent added. Therefore, the surfactant concentration in the 
Washing liquid does not basically change thereby for the 
reasons set forth beloW. 
The standard amount of dosage of the detergents greatly 

differs throughout the World. This is due to the differences in 
the Water hardness of tap Water in each of the countries. For 
instance, While the tap Water has a Water hardness of usually 
around 4° DH in Japan, the tap Water having a Water 
hardness of not less than 6° DH in the US, and that 
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exceeding 1° DH in European countries is used for the Water 
for Washing. Therefore, since the required absolute amount 
of the metal ion capturing agent varies, the standard amount 
of dosage Would be adjusted accordingly. In the present 
invention, although the amount of the metal ion capturing 
agent varies depending upon the Water hardness, the surfac 
tant concentration in the Washing liquid remains substan 
tially the same, and the standard amount of dosage becomes 
smaller than the conventional ones. 

Speci?cally, in cases Where the initial Water hardness 
differs in each of the Washing liquids, the detergent concen 
trations are as folloWs: 

1) As for the Water for Washing having a Water hardness 
of 2 to 6° DH, the detergent composition has a con 
centration in the Washing liquid of from 0.33 to 0.67 
g/L, preferably from 0.33 to 0.50 g/L. 

2) As for the Water for Washing having a Water hardness 
of 6 to 10° DH, the detergent composition has a 
concentration in the Washing liquid of from 0.50 to 1.20 
g/L, preferably from 0.50 to 1.00 g/L. 

3) As for the Water for Washing having a Water hardness 
of 10 to 20° DH, the detergent composition has a 
concentration in the Washing liquid of from 0.80 to 2.50 
g/L, preferably from 1.00 to 2.00 g/L. 

Here, each of the above Washing conditions are measured 
by the folloWing methods. 

(1) The pH of the Washing liquid is measured at 25° C. by 
such devices as a conventional glass electrode pH 
meter. 

(2) The amount of the materials having ion capturing 
capacity to be present in the Washing liquid, i.e., 
amounts of the alkali metal silicates and the metal ion 
capturing agents other than alkali metal silicates, is 
calculated as folloWs. 

For instance, the amount corresponding to an ion captur 
ing capacity required to theoretically change the Water 
hardness of the Water for Washing to 05° DH is calculated 
by calculating a concentration of Ca and Mg ions corre 
sponding to the hardness difference from the Water hardness 
of the Water for Washing used (for instance, in Japan the 
Water hardness is about 4° DH), and then obtaining a total 
calcium ion capturing capacity corresponding to the calcu 
lated ion concentration in terms of concentration units. In 
this case, the amount of the Water for Washing and the 
amount of the detergent composition added are so selected 
to satisfy the Washing condition (3) above Where the sur 
factant concentration is from 0.07 to 0.17 g/L. 

Here, the methods for measuring the ion capturing capa 
bility of the metal ion capturing materials depend upon 
Whether the ion exchange materials or the chelating agents 
are used for the metal ion capturing materials. The mea 
surement methods for each of the materials are given beloW. 

Ion Exchange Materials 

A0.1 g sample is accurately Weighed and added to 100 ml 
of a calcium chloride aqueous solution (500 ppm 
concentration, When calculated as CaCO3), folloWed by 
stirring at 25° C. for 60 minutes, after Which the mixture is 
?ltered using Membrane Filter (made of nitrocellulose; 
manufactured by Advantech) With 0.2 pm pore siZe. 10 ml 
of the ?ltrate is assayed for Ca content by an EDTA titration, 
and the calcium ion exchange capacity (cationic exchange 
capacity) of the sample is calculated from the titer. 

Examples of the ion exchange materials used for mea 
surement in the present invention include inorganic 
substances, such as crystalline alkali metal silicates and a 
aluminosilicates (Zeolites, etc.). 
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Chelating Agents 

The calcium ion capturing capacity Was measured by the 
folloWing method using a calcium ion electrode. 
Incidentally, the solution used herein Was prepared With the 
folloWing buffer solution: 

Buffer: 0.1 M—NH4Cl—NH4OH solution (pH 10.0) 
(i) Preparation of Calibration Curve 
A standard calcium ion solution Was prepared and used 

for obtaining a calibration curve shoWing the relationships 
betWeen the logarithm of the calcium ion concentration and 
the voltage, as shoWn in FIG. 1. 
(ii) Measurement of Calcium Ion Capturing Capacity 
About a 0.1 g sample Was Weighed into a 100 ml 

volumetric ?ask, and the volumetric ?ask Was ?lled up to a 
volume of 100 ml With the above buffer solution. A CaCl2 
aqueous solution (pH 10.0) having a concentration of 20,000 
ppm calculated as CaCO3 Was added dropWise from a 
burette in an amount of 0.1 to 0.2 ml for reading each sample 
voltage. Ablank sample Was also measured. Thus, a calcium 
ion concentration Was calculated from the calibration curve 
given in FIG. 1 by applying a sample voltage. The calcium 
ion concentration of the upper line corresponding to the 
amount A of samples added dropWise shoWn in FIG. 2 Was 
referred to as calcium ion capturing capacity. Examples of 
the chelating agents used for measurement in the present 
invention include polycarboxylates, such as citrates, and 
carboxylate polymers, such as acrylic acid-maleic acid 
copolymers. 
The Washing methods of the present invention are appli 

cable to any one of the folloWing cases. 

1) The case Where the Water for Washing has a Water 
hardness of from 2 to 6° DH; 

2) The case Where the Water for Washing has a Water 
hardness of from 6 to 10° DH; and 

3) The case Where the Water for Washing has a Water 
hardness of from 10 to 20° DH. 

For all of these cases, the Washing conditions (1) to (3) 
above are similarly applicable, Where only the detergent 
concentration is so selected for each Water hardness 1) to 3) 
to satisfy the Washing conditions (1) to 
As explained in the above Washing method of the present 

invention, in order to produce a Washing liquid having a high 
pH and a loW Water hardness, thereby exhibiting an excellent 
Washing poWer, the Washing liquid has to satisfy the fol 
loWing conditions. 
(i) Containing excess metal ion capturing agents. 
(ii) Containing an alkaliZer capable of buffering at high pH. 

Although crystalline silicates satisfying both and (ii) 
above are knoWn, much care is needed for the use of the 
crystalline silicate for the folloWing reasons. The increase in 
the amount of the crystalline silicates for loWering Water 
hardness results in the increase the alkaline capacity. This in 
turn inevitably results in an undesirable increase in the 
exchanging speeds of the fatty acids for Ca and Mg. 
Therefore, in order to satisfy more preferred conditions, the 
metal ion capturing agents other than the alkali metal 
silicates are required to be added in a given ratio. When the 
amount of these metal ion capturing agents other than the 
alkali metal silicates is outside a given range, it Would be 
dif?cult to reduce the amount of the detergent used. 

Accordingly, the phosphorus-free detergent composition 
of the present invention comprises components (a) to (c): 

(a) a surfactant; 
(b) an alkali metal silicate; and 
(c) a metal ion capturing agent other than component (b), 

Wherein a total amount of (a), (b), and (c) components 
occupies 70 to 100% by Weight of the entire composition, 
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and wherein the Weight ratio of component (b) to component 
(a) is b/a=9/1 to 1/2, preferably 9/1 to 9/11, and the Weight 
ratio of component (b) to component (c) is b/c=5/1 to 1/15, 
preferably 4/1 to 1/15. 
A greater preference is given to a detergent composition 

containing the components (a) to (c) above, Wherein a total 
amount of (a), (b), and (c) components occupies 80 to 100% 
by Weight of the entire composition, and Wherein the Weight 
ratio of component (b) to component (a) is b/a=9/1 to 1/1, 
and the Weight ratio of component (b) to component (c) is 
b/c=3/1 to 1/15. Most preferably, the Weight ratio of com 
ponent (b) to component (c) is b/c=3/1 to 3/7, in the case 
Where the Water for Washing has a Water hardness of from 2 
to 6° DH; or b/c=4/3 to 1/6, in the case Where the Water for 
Washing has a Water hardness of from 6 to 10° DH; or 
b/c=1/1 to 1/15, in the case Where the Water for Washing has 
a Water hardness of from 10 to 20° DH. In the present 
invention, by having the above composition, a detergent 
composition having a remarkably smaller standard amount 
of dosage for each of the Water for Washing having different 
Water hardness can be obtained. 

Each of the components Will be explained in detail beloW. 
(a) Surfactant 

The surfactants usable in the present invention are not 
particularly limited, and any ones generally used for deter 
gents are used, in Which a nonionic surfactant is preferably 
contained in an amount of from 50 to 100% by Weight, more 
preferably from 65 to 100% by Weight, of the entire surfac 
tant. Speci?cally, they may be one or more surfactants 
selected from the group consisting of nonionic surfactants, 
anionic surfactants, cationic surfactants, and ampholytic 
surfactants, each being exempli?ed beloW. For instance, the 
surfactants can be chosen such that the surfactants of the 
same kind are chosen, as in the case Where a plurality of the 
nonionic surfactants are chosen. Alternatively, the surfac 
tants of the different-kinds are chosen, as in the case Where 
the anionic surfactant and the nonionic surfactant are respec 
tively chosen. 

Examples of the nonionic surfactants are as folloWs: 
Polyoxyethylene alkyl ethers, polyoxyethylene alkylphe 

nyl ethers, polyoxyethylene sorbitan fatty acid esters, poly 
oxyethylene sorbitol fatty acid esters, polyethylene glycol 
fatty acid esters, alkyl polyethylene glycol fatty acid esters, 
polyoxyethylene polyoxypropylene alkyl ethers, polyoxy 
ethylene castor oils, polyoxyethylene alkylamines, glycerol 
fatty acid esters, higher fatty acid alkanolamides, 
alkylglucosamides, alkylglucosides, and alkylamine oxides. 
Among the nonionic surfactants, a preference is given to 

polyoxyethylene alkyl ethers Which are ethylene oxide 
adducts Whose alkyl moieties are ascribed to linear or 
branched, primary or secondary alcohols, each having 10 to 
18 carbon atoms, and Whose ethylene oxide moieties have an 
average molar number of 5 to 15, and more preferably 
polyoxyethylene alkyl ethers Which are ethylene oxide 
adducts Whose alkyl moieties are linear or branched, primary 
or secondary alcohols, each having 12 to 14 carbon atoms, 
and Whose ethylene oxide moieties have an average molar 
number of 6 to 10. 
Examples of the anionic surfactants include 

alkylbenZenesulfonates, alkyl or alkenyl ether sulfates, alkyl 
or alkenyl sulfates, ot-ole?nsulfonates, ot-sulfofatty acid 
salts, ot-sulfofatty acid ester salts, alkyl or alkenyl ether 
carboxylates, amino acid-type surfactants, and N-acyl amino 
acid-type surfactants, With a preference given to 
alkylbenZenesulfonates, alkyl or alkenyl ether sulfates, and 
alkyl or alkenyl sulfates. 

Examples of the cationic surfactants include quaternary 
ammonium salts, such as alkyl trimethylamine salts. 
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Examples of the ampholytic surfactants include carboxy 
type and sulfobetaine-type ampholytic surfactants. 
The surfactant content is preferably from 1 to 45% by 

Weight, and the surfactant content is particularly in the 
folloWing ranges, depending on the types of Water for 
Washing used. 

1) In the case Where the Water for Washing having a Water 
hardness of 2 to 60 DH, the surfactant content is 
particularly preferably from 15 to 30% by Weight; 

2) In the case Where the Water for Washing having a Water 
hardness of 6 to 10° DH, the surfactant content is 
particularly preferably from 8 to 25% by Weight; and 

3) In the case Where the Water for Washing having a Water 
hardness of 10 to 20° DH, the surfactant content is 
particularly preferably from 5 to 20% by Weight. 

When the surfactant content is loWer than the loWer limit 
in each of the above given ranges, a sufficient Washing 
poWer of the detergent cannot be obtained, and When the 
surfactant content exceeds the upper limit in each of the 
above given ranges, the amounts of the alkaliZers and the 
metal ion capturing agent are relatively loWered, making it 
less likely to obtain sufficient Washing poWer. 
By having the above compositions for the clothes deter 

gent composition of the present invention, When the deter 
gent composition is so added to each of the Water for 
Washing to provide a surfactant concentration in the Washing 
liquid of from 0.07 to 0.17 g/L, the concentrations of the 
detergent composition in each of the Washing liquid are as 
folloWs depending upon the types of the Water for Washing 
used. 

1) Where the Water for Washing has a Water hardness of 2 
to 6° DH, the concentration of the detergent composi 
tion in the Washing liquid is from 0.33 to 0.67 g/L, 
preferably from 0.33 to 0.50 g/L; 

2) Where the Water for Washing has a Water hardness of 6 
to 10° DH, the concentration of the detergent compo 
sition in the Washing liquid is from 0.50 to 1.20 g/L, 
preferably from 0.50 to 1.00 g/L; and 

3) Where the Water for Washing has a Water hardness of 10 
to 20° DH, the concentration of the detergent compo 
sition in the Washing liquid is from 0.80 to 2.50 g/L, 
preferably from 1.00 to 2.00 g/L. 

Therefore, the standard amounts of dosage of the deter 
gent composition of the present invention for obtaining a 
sufficient Washing poWer are considerably smaller than the 
conventional compact detergent compositions. 
(b) Alkali Metal Silicates 
The alkali metal silicates usable in the present invention 

may be either crystalline or amorphous alkali metal silicates. 
Apreference is given to crystalline alkali metal silicates for 
the folloWing reasons. By forming crystalline alkali metal 
silicates, the silicates are provided With not only good 
alkaline capacity but also good ion exchange capacity, 
thereby making it possible to further reduce the standard 
amount of dosage of the detergent compositions. 
Examples of the crystalline alkali metal silicates usable in 

the present invention include alkali metal silicates having an 
SiO2/M2O ratio (Wherein M stands for an alkali metal) of 
from 0.5 to 2.6. On the other hand, the crystalline silicates 
used in the reference explained in the prior art section have 
SiO2/Na2O ratios of from 1.9 to 4.0. HoWever, in the present 
invention, the silicates having SiO2/Na2O ratios exceeding 
2.6 Would not give the effects obtained in the present 
invention, making it impossible to produce detergents 
capable of having an excellent Washing poWer With only 
small standard amounts of dosage. 
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Among the crystalline alkali metal silicates usable in the 
present invention, a preference is given to those exempli?ed 
by having the following compositions (I) and (II) given 
beloW. 

i) XMZO-ySiOZ-ZMemOH-WHZO, (I) 

Wherein M stands for an element in Group Ia of the Periodic 
Table; Me stands for one or more elements selected from the 
group consisting of Group IIa, IIb, IIIa, IVa, and VIII; y/x is 
from 0.5 to 2.6; Z/x is from 0.01 to 1.0; n/m is from 0.5 to 
2.0; and W is from 0 to 20. 

ii) M20 X'SiOZ'Y'HZO, (II) 

Wherein M stands for an alkali metal; x‘ is from 1.5 to 2.6; 
and y‘ is from 0 to 20. 

First, the crystalline alkali metal silicates having the 
composition i) above Will be detailed beloW. 

In the general formula (I), M stands for an element 
selected from Group Ia of the Periodic Table, the Group Ia 
elements exempli?ed by Na, K, etc. The Group Ia elements 
may be used alone, or may constitute an M20 component by 
blending such compounds as Na2O and K20 
Me stands for one or more elements selected from the 

group consisting of Group IIa, IIb, IIIa, IVa, and VIII of the 
Periodic Table, and examples thereof include Mg, Ca, Zn, Y, 
Ti, Zr, and Fe. Although not being particularly limited to the 
above examples, a preference is given to Mg and Ca from 
the vieWpoint of resource stock and safety. In addition, these 
elements may be used alone or may constitute an MemOn, 
component by blending such compounds as MgO and CaO. 

In addition, the crystalline alkali metal silicates usable in 
the present invention may be in the form of hydrates, 
Wherein the amount of hydration (W) is normally in the range 
of from 0 to 20 moles of H20. 

With respect to the general formula (I), y/x is from 0.5 to 
2.6, preferably from 1.5 to 2.2. When y/x is less than 0.5, the 
obtained composition has insuf?cient anti-solubility in 
Water, thereby providing drastically poor caking ability, 
solubility, and other poWder properties of the detergent 
composition. When y/x exceeds 2.6, the obtained composi 
tion has a loW alkaline capacity, thereby making it insuf? 
cient to be used as an alkaliZer, and it also has a loW ion 
exchange capacity, thereby making it insufficient to be used 
as an ion exchange material. With respect to Z/x, it is from 
0.01 to 1.0, preferably from 0.02 to 0.9. When Z/x is less than 
0.01, the obtained composition has insuf?cient anti 
solubility in Water, and When Z/x exceeds 1.0, the obtained 
composition has a loW ion exchange capacity, making it 
insuf?cient to be used as an inorganic ion exchange material. 
With respect to x, y and Z, there are no limitations, as long 
as y/x and Z/x have the above relationships. When xM2O, for 
example, is x‘Na2O~x“K2O as described above, x equals to 
x‘+x“. The same can be said for Z When ZMGmOn comprises 
tWo or more components. Further, “n/m is from 0.5 to 2.0” 
indicates the number of oxygen ions coordinated to the 
above elements, Which actually takes values selected from 
0.5, 1.0, 1.5, and 2.0. 

The crystalline alkali metal silicate in the present inven 
tion comprises three components, M20, SiO2, and MemOn, 
as indicated by the general formula (I) above. Materials 
Which can be converted to each of these components, 
therefore, is indispensable for starting materials for produc 
ing the crystalline alkali metal silicate in the present inven 
tion. In the present invention, knoWn compounds can be 
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12 
suitably used for starting materials Without limitations. 
Examples of the M20 component and the MemOn compo 
nent include simple or complex oxides, hydroxides and salts 
of respective elements; and minerals containing respective 
elements. Speci?cally, examples of the starting materials for 
the M20 component include NaOH, KOH, Na2CO3, 
K2CO3, and Na2SO4. Examples of the starting materials for 
the MemOn component include CaCO3, MgCO3, Ca(OH)2, 
Mg(OH)2, MgO, ZrO2, and dolomite. Examples of the 
starting materials for the Si02 component include silica sand, 
kaolin, talc, fused silica, and sodium silicate. 

In the present invention, a method of producing the 
crystalline alkali metal silicate may be exempli?ed by 
blending these starting material components to provide the 
desired compositions in x, y, and Z for the crystalline alkali 
metal silicate, and baking the resulting mixture at a tem 
perature in the range of normally from 300 to 1500° C., 
preferably from 500 to 1000° C., more preferably from 600 
to 900° C., to form crystals. In this case, When the heating 
temperature is less than 300° C., the crystalliZation is 
insufficient, thereby making the anti-solubility in Water of 
the resulting crystalline alkali metal silicate poor, and When 
it exceeds 1500° C., coarse grains are likely to be formed, 
thereby decreasing the ion exchange capacity of the result 
ing crystalline alkali metal silicate. The heating time is 
normally 0.1 to 24 hours. Such baking can normally be 
carried out in a heating furnace such as an electric furnace 
or a gas furnace. 

The crystalline alkali metal silicate in the present inven 
tion thus obtained has a pH of not less than 11 in a 0.1% by 
Weight dispersion solution, shoWing an excellent alkaline 
capacity. Also, the crystalline alkali metal silicates particu 
larly excels in their alkaline buffering effects, having excel 
lent alkaline buffering effects When compared With those of 
sodium carbonate and potassium carbonate. 
The crystalline alkali metal silicate in the present inven 

tion thus obtained has an ion exchange capacity of not less 
than 100 mg CaCO3/g, preferably 200 to 600 mg CaCO3/g, 
Which is one of the material having an ion capturing ability 
in the present invention. 

In the crystalline alkali metal silicate usable in the present 
invention, the amount of Si dissolved in Water is normally 
not more than 110 mg/g, When calculated as SiO2, Which can 
be said to be substantially insoluble in Water. Here, the term 
“substantially insoluble in Water” means stability in Water of 
the chemical structure concerned With the cationic exchange 
capacity, so that the amount of Si dissolved, When calculated 
as SiO2, is normally not more than 110 mg/g When a 2 g 
sample is added to 100 g of ion exchanged Water and the 
mixture is stirred at 25° C. for 30 minutes. In the present 
invention, a preference is given to a case Where the amount 
of Si dissolved is not more than 100 mg/g for the purpose of 
obtaining further excellent effects of the present invention. 

Since the crystalline alkali metal silicate usable in the 
present invention has not only good alkaline capacity and 
alkali buffering effects but also good ion exchange capacity, 
the above-mentioned Washing conditions are suitably 
adjusted by adding suitable amounts of the crystalline alkali 
metal silicate. 

In the present invention, the crystalline alkali metal sili 
cate usable in the present invention has an average particle 
siZe preferably of from 0.1 to 50 pm, more preferably from 
1 to 30 pm, still more preferably from 1 to 10 pm. When the 
average particle siZe of the crystalline alkali metal silicate 
exceeds 50 pm, the ion exchange speed thereof is likely to 
be sloWed doWn, thereby resulting in the loWering of the 
detergency. In addition, When the average particle is less 
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than 0.1 pm, the speci?c surface area increases, thereby 
increasing the hygroscopic property and the CO2 absorption 
property, Which in turn makes it likely to cause drastic 
quality deterioration. Incidentally, the average particle siZe 
referred herein is a median diameter obtained from a particle 
siZe distribution. 

The crystalline alkali metal silicate having the average 
particle siZe and the particle siZe distribution mentioned 
above can be prepared by pulveriZing the material using 
such pulveriZing devices as a vibrating mill, a hammer mill, 
a ball-mill, and a roller mill. For instance, the crystalline 
alkali metal silicate can be easily obtained by pulveriZing the 
material With a vibrating mill “HB-O” (manufactured by 
Chuo Kakohki Co., Ltd.). 

The content of the crystalline alkali metal silicate is 
preferably 4 to 75% by Weight in the entire composition, 
With a particular preference given to the folloWing compo 
sitions depending upon the Water hardness of the Water for 
Washing used. 

1) In the case of using Water for Washing having a Water 
hardness of from 2 to 6° DH, 25 to 55% by Weight of 
the crystalline alkali metal silicate in the entire com 
position; 

2) In the case of using Water for Washing having a Water 
hardness of from 6 to 10° DH, 10 to 45% by Weight of 
the crystalline alkali metal silicate in the entire com 
position; and 

3) In the case of using Water for Washing having a Water 
hardness of from 10 to 20° DH, 5 to 30% by Weight of 
the crystalline alkali metal silicate in the entire com 
position. 

When the content of the crystalline alkali metal silicate is 
outside the above given range, the Washing conditions 
mentioned above are not likely to be satis?ed. 

Next, the crystalline alkali metal silicates having the 
composition ii) above are detailed beloW. 

These crystalline alkali metal silicates are represented by 
the general formula (II): 

M2O-x'SiO2-y'H2O, (II) 

Wherein M stands for an alkali metal; x‘ is from 1.5 to 2.6; 
and y‘ is from 0 to 20. 
Among them, a preference is given to the crystalline alkali 

metal silicates having x‘ and y‘ in the general formula (II) 
such that each satis?es 1.7§x‘§2.2 and y‘=0, and those 
having a cationic exchange capacity of from 100 to 400 
CaCO3 mg/g are usable. The above crystalline alkali metal 
silicates are one of the materials having ion capturing 
capacity in the present invention. 

Since the crystalline alkali metal silicate usable in the 
present invention has not only good alkaline effect and alkali 
buffering capacity but also good ion exchange capacity, the 
above-mentioned Washing conditions are suitably adjusted 
by adding suitable amounts of the crystalline alkali metal 
silicate. 

The content of the crystalline alkali metal silicate is 
preferably 4 to 75% by Weight in the entire composition, 
With a particular preference given to the folloWing compo 
sitions depending upon the Water hardness of the Water for 
Washing used. 

1) In the case of using Water for Washing having a Water 
hardness of from 2 to 6° DH, 25 to 55% by Weight of 
the crystalline alkali metal silicate in the entire com 
position; 

2) In the case of using Water for Washing having a Water 
hardness of from 6 to 10° DH, 10 to 45% by Weight of 
the crystalline alkali metal silicate in the entire com 
position; and 
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3) In the case of using Water for Washing having a Water 

hardness of from 10 to 20° DH, 5 to 30% by Weight of 
the crystalline alkali metal silicate in the entire com 
position. 

When the content of the crystalline alkali metal silicate is 
outside the above given range, the Washing conditions 
mentioned above are not likely to be satis?ed. 
A method for producing the above crystalline alkali metal 

silicates is disclosed in Japanese Patent Laid-Open No. 
60-227895. HoWever, the crystalline silicates can be gener 
ally produced by baking glassy amorphous sodium silicate at 
a temperature of from 200 to 1000° C. Details of the 
production method is disclosed in “Phys. Chem. Glasses, 7, 
pp.127—138 (1966), Z. Kristallogr., 129, 
pp.396—404(1969).” Also, the crystalline alkali metal sili 
cates are commercially available in poWdery or granular 
forms under a trade name “Na—SKS-6” (6-Na2Si2O5) 

(manufactured by Hoechst). 
In the present invention, as in the case for the crystalline 

alkali metal silicates having the composition i), the crystal 
line alkali metal silicates having the composition ii) have an 
average particle siZe of preferably from 0.1 to 50 pm, more 
preferably from 1 to 30 pm, still more preferably from 1 to 
10 pm. 

In the present invention, the crystalline alkali metal sili 
cates having the compositions i) and ii) may be used alone 
or in combination. It is preferred that the crystalline alkali 
metal silicates occupy 50 to 100% by Weight of the total 
alkaliZer contents, more preferably 70 to 100% by Weight. 
(c) Metal Ion Capturing Agents Other Than Alkali Metal 
Silicates 
The metal ion capturing agents other than the alkali metal 

silicates in the present invention have a calcium ion captur 
ing capacity of not less than 200 CaCO3 mg/g. 
A preference is given to the metal ion capturing agents 

containing a carboxylate polymer in an amount of not less 
than 10% by Weight. Examples of the above carboxylate 
polymer include polymers or copolymers, each having 
repeating units represented by the general formula (IV): 

(IV) 
X1 X2 

| | 
— CH — C— 

coox3 

Wherein X1 stands for methyl, a hydrogen atom, or COOX3; 
X2 stands for methyl, a hydrogen atom, or hydroxyl; X3 
stands for a hydrogen atom, an alkali metal, an alkaline earth 
metal, an ammonium, or ethanolamine. 

In the general formula (IV), examples of the alkali metals 
include Na, K, and Li, and examples of the alkaline earth 
metals include Ca and Mg. 

Examples of the polymers or copolymers usable in the 
present invention include those obtainable by polymeriZa 
tion reactions of acrylic acid, (anhydrous) maleic acid, 
methacrylic acid, ot-hydroxyacrylic acid, crotonic acid, iso 
crotonic acid, and salts thereof; copolymeriZation reactions 
of each of the monomers; or copolymeriZation reactions of 
the above monomers With other polymeriZable monomers. 
Here, examples of the copolymeriZable monomers used in 
copolymeriZation reaction include aconitic acid, itaconic 
acid, citraconic acid, fumaric acid, vinyl phosphonic acid, 
sulfonated maleic acid, diisobutylene, styrene, methyl vinyl 
ether, ethylene, propylene, isobutylene, pentene, butadiene, 
isoprene, vinyl acetate (vinyl alcohols in cases Where 
hydrolysis takes place after copolymeriZation), and acrylic 
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acid ester, Without particularly being limited thereto. 
Incidentally, the polymeriZation reactions are not particu 
larly limited, and any of the conventionally knoWn methods 
may be employed. 

Also, polyacetal carboxylic acid polymers such as polyg 
lyoxylic acids disclosed in Japanese Patent Laid-Open No. 
54-52196 are also usable for the polymers in the present 
invention. 

In the present invention, the above polymers and copoly 
mers normally have a Weight-average molecular Weight of 
from 800 to 1,000,000, preferably from 5,000 to 200,000. 

Also, in the case of copolymers, although the copolymer 
iZation ratio betWeen the repeating units of the general 
formula (IV) and other copolymeriZable monomers is not 
particularly limited, a preference is given to a copolymer 
iZation ratio of the repeating units of general formula 
(IV)/other copolymeriZable monomer=1/100 to 90/10. 

In the present invention, the above polymer or copolymer 
is contained in the composition in an amount of from 1 to 
50% by Weight, preferably from 2 to 30% by Weight, more 
preferably from 5 to 15% by Weight. When the amount of the 
polymer or copolymer is less than 1* by Weight, the effects 
of the present invention cannot be obtained, and When the 
amount exceeds 50% by Weight, a further addition of the 
polymer or copolymer to the composition shoWs no addi 
tional effects, and merely increases the costs thereof. 

In addition, a highly preferred example of the (c) metal 
ion capturing agent comprises: 
(c-i) the carboxylate polymer mentioned above having a Ca 

ion capturing capacity of not less than 200 CaCO3 mg/g; 
and 

(c-ii) an aluminosilicate having an ion exchange capacity of 
not less than 200 CaCO3 mg/g and having the folloWing 
formula (III): 

x"(M2O)-Al2O3-y"(SiO2)-W"(H2O), (III) 

Wherein M stands for an alkali metal, such as sodium or 
potassium; x“, y“, and W“ each stands for a molar number of 
each component; and generally, x“ is from 0.7 to 1.5; y“ is 
from 0.8 to 6.0; and W“ is from 0 to 20, Wherein the Weight 
ratio of (c-i) component to (c-ii) component is (c-i)/(c-ii)= 
1/20 to 4/1, preferably 1/9 to 4/1. The total amount of (c-i) 
and (c-ii) components preferably occupies 70 to 100% by 
Weight based on the (c) metal ion capturing agent. 

The aluminosilicates mentioned above may be crystalline 
or amorphous, and among the crystalline aluminosilicates, a 
particular preference is given to those having the folloWing 
general formula: 

Wherein y is a number of from 1.8 to 3.0; and W is a number 
of from 1 to 6. 
As for the crystalline aluminosilicates (Zeolites), synthetic 

Zeolites having an average, primary particle siZe of from 0.1 
to 10 pm, Which are typically exempli?ed by A-type Zeolite, 
X-type Zeolite, and P-type Zeolite, are suitably used. The 
Zeolites may be used in the forms of poWder, a Zeolite slurry, 
or dried particles comprising Zeolite agglomerates obtained 
by drying the slurry. The Zeolites of the above forms may 
also be used in combination. 

The above crystalline aluminosilicates are obtainable by 
conventional methods. For instance, methods disclosed in 
Japanese Patent Laid-Open Nos. 50-12381 and 51-12805 
may be employed. 
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On the other hand, the amorphous aluminosilicates rep 

resented by the same general formula as the above crystal 
line aluminosilicate are also obtainable by conventional 
methods. For instance, the amorphous aluminosilicates are 
prepared by adding an aqueous solution of a loW-alkali 
alkali metal aluminate having a molar ratio of M20 to A1203 
(M standing for an alkali metal) of M2O/Al2O3=1.0 to 2.0 
and a molar ratio of H20 to M20 of H2O/M2O=6.0 to 500 
to an aqueous solution of an alkali metal silicate having a 

molar ratio of SiO2 to M20 of SiO2/M2O=1.0 to 4.0 and a 
molar ratio of H20 to M20 of H2O/M2O=12 to 200 under 
vigorous stirring at normally 15 to 60° C., preferably 30 to 
50° C. 
The intended product can be advantageously obtained by 

heat-treating a White slurry of precipitates thus formed at 70 
to 100° C., preferably 90 to 100° C., for normally not less 
than 10 minutes and not more than 10 hours, preferably not 
more than 5 hours, folloWed by ?ltration, Washing and 
drying. Incidentally, the aqueous solution of an alkali metal 
silicate may be added to the aqueous solution of a loW-alkali 
alkali metal aluminate. 
By this method, the oil-absorbing amorphous alumino 

silicate carrier having an ion exchange capacity of not less 
than 100 CaCO3 mg/g and an oil-absorbing capacity of not 
less than 80 ml/100 g can be easily obtained (see Japanese 
Patent Laid-Open Nos. 62-191417 and 62-191419). 

Examples of other metal ion capturing agents include 
aminotri(methylenephosphonic acid), 1-hydroxyethylidene 
1,1-diphosphonic acid, ethylenediaminetetra 
(methylenephosphonic acid), diethylenetriaminepenta 
(methylenephosphonic acid), and salts thereof; salts of 
phosphonocarboxylic acids, such as salts of 
2-phosphonobutane-1,2-dicarboxylic acid; amino acid salts, 
such as salts of aspartic acid and salts of glutamic acid; 
aminopolyacetates, such as nitrilotriacetates and ethylene 
diaminetetraacetates; and polycarboxylates, such as cit 
rates. 

Examples of other components Which may be added to the 
detergent composition in the present invention as alkaliZers 
besides crystalline and amorphous alkali metal silicates 
include various compounds including alkali metal salts such 
as alkali metal carbonates and alkali metal sul?tes, and 
organic amines, such as alkanolamines. 

In addition, color-fading preventives, and recontamina 
tion preventives generally used for detergent compositions, 
including non-dissociating polymers such as polyethylene 
glycols, polyvinyl alcohols, and polyvinyl pyrrolidones; 
organic acid salt builders, such as diglycolates and oxycar 
boxylates; and carboxymethyl cellulose may be optionally 
used. 

Besides the above, the folloWing components may be also 
contained in the detergent composition of the present inven 
tion. Speci?cally, the detergent composition of the present 
invention may contain one or more components selected 

from enZymes, such as protease, lipase, cellulase, and amy 
lase; caking preventives, such as loWer alkylbenZene 
sulfonates Whose alkyl moieties have about 1 to 4 carbon 
atoms, sulfosuccinates, talc, and calcium silicates; 
antioxidants, such as tert-butylhydroxytoluene, and disty 
renated cresol; bleaching agents, such as sodium percarbon 
ate; bleaching activators, such as tetraacetylethylenedi 
amine; ?uorescent dyes; blueing agents; and perfume, 
Without being particularly limited thereto, to give composi 
tions suitable for their purposes. 
The detergent compositions of the present invention con 

taining each of the components described above may be 
produced by any of the conventionally knoWn methods 
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Without particular limitation. Examples of the methods for 
producing high-bulk density detergents include the methods 
disclosed in Japanese Patent Laid-Open Nos. 61-69897, 
61-69899, 61-69900, and 5-209200. 

The present invention Will be further described by means 
of the following preparation examples and test examples, 
Without intending to restrict the scope of the present inven 
tion thereto. 

The measurements shoWn in Examples are obtained as 
folloWs: 
(1) pH of Washing Liquid 

The pH of the Washing liquid Was measured by adding a 
detergent composition to the Water for Washing and then 
measuring a pH With a glass electrode pH meter 
(manufactured by HORIBA Ltd.). Here, the pH of the 
Washing liquid refers to the sufficiently stabiliZed indicated 
value. 
(2) Amount of Materials Having Ion Capturing Capacity 

The ion capturing ability Was measured by the folloWing 
different methods in accordance to a case Where the mate 
rials used having a metal ion capturing capacity are ion 
exchange materials and a case Where the materials are 
chelating agents. Incidentally, the ion capturing capacity of 
the metal ion capturing agents are expressed by CEC 
(calcium ion exchange capacity) in Tables as in the same 
manner as in alkali metal silicates. 

Ion Exchanqe Materials 
A0.1 g sample is accurately Weighed and added to 100 ml 

of a calcium chloride aqueous solution (500 ppm 
concentration, When calculated as CaCO3), folloWed by 
stirring at 25° C. for 60 minutes, after Which the mixture is 
?ltered using Membrane Filter (made of nitrocellulose; 
manufactured by Advantech) With 0.2 ,um pore siZe. 10 ml 
of the ?ltrate is assayed for Ca content by an EDTA titration, 
and the calcium ion exchange capacity (cationic exchange 
capacity) of the sample is calculated from the titer. 

Chelating Agents 
The calcium ion capturing capacity Was measured by the 

folloWing method using a calcium ion electrode. 
Incidentally, the solution used herein Was prepared With the 
folloWing buffer solution: 

Buffer: 0.1 M—NH4Cl—NH4OH solution (pH 10.0) 
(i) Preparation of Calibration Curve 
A standard calcium ion solution Was prepared and used 

for obtaining a calibration curve shoWing the relationships 
betWeen the logarithm of the calcium ion concentration and 
the voltage, as shoWn in FIG. 1. 
(ii) Measurement of Calcium Ion Capturing Capacity 
About a 0.1 g sample Was Weighed into a 100 ml 

volumetric ?ask, and the volumetric ?ask Was ?lled up to a 
volume of 100 ml With the above buffer solution. A CaCl2 
aqueous solution (pH 10.0) having a concentration of 20,000 
ppm calculated as CaCO3 Was added dropWise from a 
burette in an amount of 0.1 to 0.2 ml for reading each sample 
voltage. Ablank sample Was also measured. Thus, a calcium 
ion concentration Was calculated from the calibration curve 
given in FIG. 1 by applying a sample voltage. The calcium 
ion concentration of the upper line corresponding to the 
amount A of samples added dropWise shoWn in FIG. 2 Was 
referred to as calcium ion capturing capacity. 

In the case Where the amount of the materials having an 
ion capturing capacity Was calculated, When using the Water 
With hardness of 4° DH as in Examples, the ion concentra 
tion of the Water corresponded to 71.6 CaCO3 mg/L (2148 
CaCO3 mg/30 L), the ion concentration corresponding to the 
Water hardness of 05° DH being 9.0 CaCO3 mg/L (270 
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CaCO3 mg/30 L). Therefore, in order to adjust the Water 
hardness of the Water for Washing from 4° DH to 05° DH, 
at least a materials having an ion capturing capacity corre 
sponding to an amount of 62.6 CaCO3 mg/L (1878 CaCO3 
mg/30 L) Was necessary. Therefore, the amounts of the 
material having an ion capturing capacity Were expressed 
using units of CaCO3 mg/L in Tables. 
(3) Average Particle SiZe and Particle SiZe Distribution of 
Alkali Metal Silicates 

The average particle siZe and the particle siZe distribution 
Were measured by using a laser scattering particle siZe 
distribution analyZer. Speci?cally, about 200 ml of ethanol 
Was poured into a measurement cell of a laser scattering 
particle siZe distribution analyZer (“LA-700,” manufactured 
by HORIBA Ltd.), and about a 0.5 to 5 mg sample Was 
suspended in ethanol. Next, While irradiating ultrasonic 
Wave, the mixture Was agitated for one minute, to thereby 
suf?ciently disperse the sample. Thereafter, an He—Ne laser 
beam (632.8 nm) Was irradiated, and the particle siZe 
distribution Was measured from the diffraction/scattering 
patterns. The analysis Was made based on the combined 
theories of Fraunhofer diffraction theory and Mie scattering 
theory. The particle siZe distribution of the suspended par 
ticles in the liquid Was measured in the siZe range of from 
0.04 to 262 pm. The average particle siZe Was a median of 
the particle siZe distribution. 

PREPARATION EXAMPLE 1 

(Crystalline Alkali Metal Silicates A to E) 

To 1000 parts by Weight of No. 2 sodium silicate (SiO2/ 
Na2O=2.5), 55.9 parts by Weight of sodium hydroxide and 
8.5 parts by Weight of potassium hydroxide Were added, 
folloWed by stirring using a homomixer to thereby dissolve 
sodium hydroxide and potassium hydroxide. To this 
solution, 5.23 parts by Weight of ?nely milled anhydrous 
calcium carbonate and 0.13 parts by Weight of magnesium 
nitrate hexahydrate Were added, and the components Were 
agitated by using a homomixer. A given amount of the 
mixture Was transferred into a nickel crucible and baked in 
the air at a temperature of 700° C. for one hour, folloWed by 
rapid cooling. The obtained baked product Was milled, to 
give an alkali metal silicate A in the present invention. This 
poWder Was found to have a high ion exchange capacity of 
305 CaCO3 mg/g. 

In the same manner as above, alkali metal silicates B, C, 
D, and E, each having the composition shoWn in Table 1, 
Were obtained. 

TABLE 1 

CEC 

CaCO3 
M20 K/Na y/x MemOn Z/x Mg/Ca mg/ g 

A Na2O2K2O 0.03 1.8 CaO, MgO 0.02 0.01 305 
B Na2O — 1.5 CaO 0.2 — 303 

C Na2O2K2O 0.05 2.2 — — — 290 

D Na2O — 2.0 — — — 224 

E Na2O — 4.0 — — — 141 

PREPARATION EXAMPLE 2 (Amorphous 
Aluminosilicate) 

Sodium carbonate Was dissolved in ion-exchanged Water, 
to prepare an aqueous solution With 6% by Weight concen 
tration. 132 g of the above aqueous solution and 38.28 g of 
a sodium aluminate aqueous solution (conc. 50% by Weight) 
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Were placed in a 1000-ml capacity reaction vessel equipped 
With baffles. 201.4 grams of a solution of No. 3 Water Glass 
diluted With Water tWice Were added dropWise to the above 
mixed solution by under strong agitation at a temperature of 
40° C. over a period of 20 minutes. Here, the reaction speed 
Was optimiZed by adjusting a pH of the reaction system to 
a pH of 10.5 by bloWing a C02 gas thereinto. Thereafter, the 
reaction system Was heated to a temperature of 50° C. and 
stirred at 50° C. for 30 minutes. Subsequently, an excess 
alkali Was neutraliZed by adjusting a pH of the reaction 
system to a pH of 9.0 by bloWing a C02 gas thereinto. The 
obtained neutraliZed slurry Was ?ltered under a reduced 
pressure using a ?lter paper (No. 5C, manufactured by Toyo 
Roshi Kaisha, Ltd.). The ?ltered cake Was rinsed With Water 
in an amount of 1000-folds, and the rinsed cake Was ?ltered 
and dried under the conditions of 105° C., 300 Torr, and 10 
hours. The residual portion Was dried under the same 
conditions as above Without giving any further rinsing 
treatments. Further, the dried cake Was broken into particles, 
to give an amorphous aluminosilicate poWder in the present 
invention. Incidentally, the sodium aluminate aqueous solu 
tion Was prepared by the steps of adding and mixing 243 g 
of Al(OH)3 and 298.7 g of a 48% by-Weight NAOH aqueous 
solution in a 1000 cc-capacity four-necked ?ask, heating the 
mixture to a temperature of 110° C. With stirring, and 
maintaining the temperature of 110° C. for 30 minutes, to 
dissolve the components. As shoWn by the results of atomic 
absorption spectrophotometry and plasma emission spectro 
chemical analysis, the resulting amorphous aluminosilicate 
had the folloWing composition: Al2O3=29.696 by Weight; 
SiO2=52.4% by Weight; and Na2O=18.0% by Weight (1.0 
Na2O~Al2O3~3.10 SiOZ). In addition, the calcium ion cap 
turing capacity Was 185 CaCO3 mg/g, and the oil-absorbing 
capacity Was 285 ml/100 g. The percentage of the 
microporous capacity having a microporous diameter of less 
than 0.1 pm Was 9.4%, and the percentage of the 
microporous capacity having a microporous diameter of not 
less than 0.1 pm and not more than 2.0 pm Was 76.3%. The 
Water content Was 11.2% by Weight. 

PREPARATION EXAMPLE 3 (Detergent 
Compositions) 

The crystalline alkali metal silicates A to E, the amor 
phous aluminosilicate, each obtained in the above Prepara 
tion Examples, and other components shoWn in Tables 2 to 
11 Were used to prepare the detergent compositions of the 
present invention having the compositions shoWn in Tables 
2 through 11 by the method described beloW. Speci?cally, as 
for Detergent Compositions 1 through 15 and 17 through 20, 
given amounts of the aqueous components, including such 
components as, sodium linear alkylbenZene sulfonate 
(LAS—Na), sodium alkyl sulfate (AS—Na), No. 1 Sodium 
Silicate, an acrylic acid-maleic acid copolymer, sodium 
polyglyoxylate, sodium polyacrylate, sodium citrate, 
sodium carbonate, sodium sulfate, and sodium sul?te, Were 
prepared as an aqueous slurry of 60% solid content. After 
spray-drying the slurry, the obtained grains Were supplied 
into Lodige Mixer, after the remaining poWder starting 
materials Were supplied into the mixer, the mixture Was 
subjected to mixing granulation While gradually introducing 
a liquid nonionic surfactant. 
As for Detergent Composition 16, the components other 

than Zeolite Were prepared as a slurry of 60% solid content, 
and the slurry Was spray-dried to yield grains. The grains 
Were subjected to granulation in High-Speed Mixer after 
adding a corresponding amount of the Zeolite thereinto. 

Incidentally, TAED, PC, and enZymes used in each of 
Detergent Compositions Were blended in granular forms. 
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Thus, poWdery detergent compositions With an average 

particle siZe of from 300 to 600 pm, each having a bulk 
density of from 0.6 to 1.0 g/ml Were obtained. 

TEST EXAMPLE 1 

Detergent Compositions 1 through 19 Were used to carry 
out a detergency test under the folloWing conditions: 

Preparation of Arti?cially Stained Cloth 

An arti?cial staining liquid having the folloWing compo 
sitions Was adhered to a cloth (#2003 calico, manufactured 
by SenshokushiZai Kabushikikaisha Tanigashira Shoten) to 
prepare an arti?cially stained cloth. Arti?cial staining liquid 
Was printed on a cloth by an engravure staining machine 
equipped With an engravure roll coater. The process for 
adhering the arti?cial staining liquid to a cloth to prepare an 
arti?cially stained cloth Was carried out under the conditions 
of a cell capacity of a gravure roll of 58 cm3/cm2, a coating 
speed of 1.0 m/min, a drying temperature of 100° C., and a 
drying time of one minute. 

Composition of Arti?cial Staining Liquid 

Lauric acid 0.44% by Weight 
Myristic acid 3.09% by Weight 
Pentadecanoic acid 2.31% by Weight 
Palmitic acid 6.18% by Weight 
Heptadecanoic acid 0.44% by Weight 
Stearic acid 1.57% by Weight 
Oleic acid 7.75% by Weight 
Triolein 13.06% by Weight 
n-Hexadecyl palmitate 2.18% by Weight 
Squalene 6.53% by Weight 
Egg White lecithin 
crystalline liquid 
Kanuma sekigyoku soil 
Carbon black 
Tap Water 

1.94% by Weight 

8.11% by Weight 
0.01% by Weight 

Balance 

Detergency Conditions 

Washing of the above-mentioned arti?cially stained cloth 
in 4° DH Water (Ca/Mg=3/1) Was carried out by using 
Turgotometer at a rotational speed of 100 rpm, at a tem 
perature of 20° C. for 10 minutes, in Which each of Deter 
gent Compositions given in Tables 2, 4, 6, 8, and 10 Was 
used in concentrations given in Tables 3, 5, 7, 9, and 11, 
respectively. 

Incidentally, the typical Water hardness components in the 
Water for Washing are Ca2+ and Mg”, Whose Weight ratios 
are generally in the range of Ca/Mg=(60—85)/(40—15). Here, 
a model sample of Water of Ca/Mg=3/1 Was used. The unit 
“° DH” refers to a Water hardness Which Was calculated by 
replacing Mg With Ca. 

Calculation of Detergency Rate 

Re?ectivities of the original cloth and those of the stained 
cloth before and after Washing Were measured at 550 my by 
means of an automatic recording calorimeter (manufactured 
by ShimadZu Corporation), and the detergency rate D (%) 
Was calculated by the folloWing equation. The results thereof 
are shoWn in Tables 3, 5, 7, 9, and 11. 
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mer formed by acrylic acid monomers and maleic acid 
monomers, Weight-average molecular Weight of 
70,000; 

Sodium polyacrylate: a polymer of sodium acrylate, aver 

Wherein I510: Re?ectifvitly of thedorilgirtilatcéoth; h d 5 age molecular Weight of 10,000; 
L1: Re ectivity o t e staine c ot e ore Was ing; an _ . . _ 

L2: Re?ectivity of the stained cloth after Washing. TAED' Tetraacetylethylenedlamme’ 
Incidentally, the abbreviations and materials shoWn in PCI SOdlllIIl PfIICaIbOHaIe; 

T812165 2, 4, 6, 3, 10, 12, and 14 are as fOUOWSI 1O Protease: ALKALI PROTEASE K-16 disclosed in Japa 

pbiotiparanve prloduct; b f th 1 _d nese Patent Laid-Open No. 5-25492; 
: vera e mo ar num er 0 e ene OX1 e' . . 

_ g . . y ’ _ Cellulase: ALKALI CELLULASE K disclosed in Japa 
LAS—Na. Sodium linear alkylbenZene sulfonate, . 
AS_Na_ Sodium alkyl Sulfate nese Patent Laid-Open No. 63-264699; and 
Acrylic acid-maleic acid copolymer: “SOKALAN CPS,” Lipase? LIPOLASE, manufactured by NOVO Nordisk 

(manufactured by BASF Aktiengesellschaft), a copoly- Bioindustry LTD. 

TABLE 2 

Detergent Composition Nos. 

(by Weight %) 1-1 1-2* 1-3* 1-4* 

Component (a) 

Polyoxylethylene alkylether nC12POE = 8 23 36 5 23 
Polyoxylethylene alkylether iC12POE = 8 

LAS-Na(C12-14) 
AS-Na(C10-18) 
Soap(C12-18) 7 7 1 7 
Component (b) CEC 

Crystalline Silicate A S/N = 1.8 305 33 20 57 10 
B 1.5 303 
C 2.2 290 
D 2.0 224 
E 4.0 141 

JIS No. 1 Sodium Silicate 2.0 
Component (c) 

ZEOLITE 4A 280 25 25 25 42 
Acrylic acid-Maleic MW = 70000 380 8 8 8 14 
acid Copolymer 
Sodium Polyglyoxylate MW = 20000 340 
Sodium Polyacrylate MW = 10000 220 
Trisodium Citrate 310 

total CEC 208 total CEC 169 total CEC 282 total CEC 209 
Other Components 

Amorphous Aluminosilicate 185 4 4 4 4 
Sodium Carbonate 
Sodium Sulfate 
Sodium Sul?te 
TAED 
PC 
Protease 
Cellulase 
Lipase 
Water 

(a) + (b) + (c) = 96% (a) + (b) + (c) = 96% (a) + (b) + (c) = 96% (a) + (b) + (c) = 96% 

TABLE 3 

Ion Cap- Ion Cap 
Detergent Surfac- turing Deter- Surfac- turing Deter 
Concentra- tant Capacity gency tant Capacity gency 

tion Conc. (CaCO3 Rate Conc. (CaCO3 Rate 
(g/L) (g/L) mg/L) PH (%) (g/L) mg/L) PH (%) 

Detergent Composition Nos. 

1-1 1-2" 

1.00 0.300 208 11.15 68.7 0.430 169 10.85 64.8 
0.83 0.249 173 11.03 66.4 0.357 140 10.73 62.4 
0.67 0.201 139 10.98 64.2 0.288 113 10.58 50.1 
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TABLE 3-c0ntinued 

Ion Cap- Ion Cap 

Detergent Surfac- turing Deter- Surfac- turing Deter 

Concentra- tant Capacity gency tant Capacity gency 

tion Conc. (CaCO3 Rate Conc. (CaCO3 Rate 

(g/L) (g/L) mg/L) PH (%) (g/L) mg/L) PH (%) 

0.50 0.150 104 10.94 63.0 0.215 84 10.48 45.3 

0.33 0.099 69 10.72 61.6 0.142 56 10.32 39.6 

0.25 0.075 52 10.42 50.6 0.108 42 10.20 35.2 

Detergent Composition Nos. 

1-3" 1-4* 

1.00 0.06 282 11.45 58.2 0.300 209 10.52 60.2 

0.83 0.05 234 11.37 54.3 0.249 173 10.46 53.1 

0.67 0.04 189 11.19 50.2 0.201 140 10.38 47.3 

0.50 0.03 141 11.01 46.1 0.150 105 10.25 42.1 

0.33 0.02 93 10.86 42.8 0.099 69 10.05 38.0 

0.25 0.01 71 10.78 30.0 0.075 52 9.62 33.3 

TABLE 4 

Detergent Compo ition Nos. 

(by Weight %) 1-5* 1-6" 1-7* 1-s* 

Component (a) 

PolyoXylethylene alkylether nC12POE = 8 23 23 23 30 
PolyoXylethylene alkylether iC12POE = 8 

LAS-Na(C12-14) 
AS-Na(C10—18) 
Soap(C12—18) 7 7 7 7 
Component CEC 

Crystalline Silicate A S/N = 1.8 305 56 10 
B 1.5 303 
C 2.2 290 
D 2.0 224 
E 4.0 141 33 

JIS No. 1 Sodium Silicate 2.0 15 
Component (c) 

ZEOLITE 4A 280 8 32 25 25 
Acrylic acid-Maleic MW = 70000 380 2 14 8 1 
acid Copolymer 
Sodium PolyglyoXylate MW = 20000 340 
Sodium Polyacrylate MW = 10000 220 
Trisodium Citrate 310 

total CEC 208 total CEC 150 total CEC 154 total CEC 84 
Other Components 

Amorphous Aluminosilicate 185 4 4 4 4 
Sodium Carbonate 20 20 
Sodium Sulfate 
Sodium Sul?te 
TAED 
PC 
Protease 

Cellulase 
Lipase 
Water 

(a) + + (c) = 96% (a) + + (c) = 76% (a) + + (c) = 96% (a) + + (c) = 96% 
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TABLE 5 

Ion Cap- Ion Cap 
Detergent Surfac- turing Deter- Surfac- turing Deter 
Concentra- tant Capacity gency tant Capacity gency 

tion Conc. (CaCO3 Rate Conc. (CaCO3 Rate 
(g/L) (g/L) mg/L) PH (%) (g/L) mg/L) PH (%) 

Detergent Composition Nos. 

1-5 1-6* 

1.00 0.300 208 11.43 60.2 0.300 150 10.51 62.1 

0.83 0.249 173 11.35 58.3 0.249 125 10.44 58.9 

0.67 0.291 139 11.18 54.6 0.201 101 10.31 50.1 

0.50 0.150 104 11.00 54.2 0.150 75 10.19 43.2 

0.33 0.099 69 10.84 45.5 0.099 50 10.00 37.3 

0.25 0.075 52 10.75 30.1 0.075 38 9.73 32.3 

Detergent Composition Nos. 

1-7* 1-8* 

1.00 0.300 154 10.10 50.2 0.550 84 10.97 61.2 

0.83 0.249 128 9.96 49.3 0.458 70 10.90 58.9 

0.67 0.201 103 9.81 45.6 0.369 56 10.86 50.1 

0.50 0.150 77 9.69 41.2 0.275 42 10.84 45.2 

0.33 0.099 51 9.57 38.1 0.182 28 10.58 40.3 

0.25 0.075 39 9.13 29.5 0.138 21 10.23 32.1 

TABLE 6 

Detergent Compo ition Nos. 

(by Weight %) 1-9 1-10 1-11 1-12 

Component (a) 

PolyoXylethylene alkylether nC12POE = 8 20 16 
PolyoXylethylene alkylether iC12POE = 8 18 18 

LAS-Na(C12-14) 
AS-Na(C10-18) 10 
Soap(C12—18) 3 3 
Component CEC 

Crystalline Silicate A S/N = 1.8 305 33 32 
B 1.5 303 25 
C 2.2 290 
D 2.0 224 25 
E 4.0 141 

JIS No. 1 Sodium Silicate 2.0 
Component (c) 

ZEOLITE 4A 280 22 21 27 27 
Acrylic acid-Maleic MW = 70000 380 7 6 7 
acid Copolymer 
Sodium PolyglyoXylate MW = 20000 340 
Sodium Polyacrylate MW = 10000 220 7 
Trisodium Citrate 310 

total CEC 215 total CEC 196 total CEC 174 total CEC 166 
Other Components 

Amorphous Aluminosilicate 185 14 9 4 4 
Sodium Carbonate 
Sodium Sulfate 
Sodium Sul?te 1 1 
TAED 4.5 4.5 
PC 9 9 
Protease 0.6 0.6 0.6 0.6 
Cellulase 0.5 0.5 0.5 0.5 
Lipase 0.1 0.1 0.1 0.1 
Water 1.8 3.8 1.3 1.3 

(a) + + (c) = 82% (a) + + (c) = 85% (a) + + (c) = 80% (a) + + (c) = 80% 
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TABLE 7 

Ion Cap- Ion Cap 
Detergent Surfac- turing Deter- Surfac- turing Deter 
Concentra- tant Capacity gency tant Capacity gency 

tion Conc. (CaCO3 Rate Conc. (CaCO3 Rate 
(g/L) (g/L) mg/L) PH (%) (g/L) mg/L) PH (%) 

Detergent Composition Nos. 

1-9 1-10 

1.00 0.200 215 11.14 64.1 0.260 196 11.13 65.3 

0.83 0.166 178 11.01 63.8 0.216 163 11.00 64.2 

0.67 0.134 144 10.96 63.6 0.174 131 10.95 63.7 

0.50 0.100 108 10.92 63.4 0.130 98 10.91 61.8 

0.33 0.066 71 10.68 58.0 0.085 65 10.66 58.0 

0.25 0.050 54 10.42 46.5 0.065 49 10.41 46.0 

Detergent Composition Nos. 

1-11 1-12 

1.00 0.210 174 11.00 63.1 0.210 166 10.98 62.9 

0.83 0.174 145 10.94 62.5 0.174 138 10.92 62.4 

0.67 0.141 117 10.90 61.0 0.141 111 10.87 60.8 

0.50 0.105 87 10.86 60.8 0.105 83 10.85 60.1 

0.33 0.069 58 10.68 57.9 0.069 55 10.61 56.5 

0.25 0.053 44 10.20 45.0 0.053 42 10.28 45.0 

TABLE 8 

Detergent Composition Nos. 

(by Weight %) 1-13 1-14 1-15 

Component (a) 

PolyoXylethylene alkylether nC12POE = 8 19 19 17 
PolyoXylethylene alkylether iC12POE = 8 

LAS-Na(C12—14) 
AS-Na(C10—18) 
Soap(C12—18) 3 3 3 
Component CEC 

Crystalline Silicate A S/N = 1.8 305 
B 1.5 303 42 42 
C 2.2 290 
D 2.0 224 
E 4.0 141 

JIS No. 1 Sodium Silicate 2.0 28 
Component (c) 

ZEOLITE 4A 280 8 8 21 
Acrylic acid-Maleic MW = 70000 380 
acid Copolymer 
Sodium PolyglyoXylate MW = 20000 340 25 20 21 
Sodium Polyacrylate MW = 10000 220 
Trisodium Citrate 310 5 

total CEC 235 total CEC 233 total CEC 138 
Other Components 

Amorphous Aluminosilicate 185 4 
Sodium Carbonate 
Sodium Sulfate 1 1 1 
Sodium Sul?te 
TAED 
PC 
Protease 0.8 0.8 0.8 
Cellulase 0.6 0.6 0.6 
Lipase 0.2 0.2 0.2 
Water 0 4 0 4 0 4 

(a) + (b) + '(c) = 97% (a) + (b) + '(c) = 97% (a) + (b) + '(c) = 90% 
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TABLE 9 

Detergent Composition Nos. 

1-13 1-14 1-15 

Ion Cap- Ion Cap- Ion Cap 
Detergent Surfac- turing Deter- Surfac- turing Deter- Surfac- turing Deter 
Concentra- tant Capacity gency tant Capacity gency tant Capacity gency 

tion Conc. (CaCO3 Rate Conc. (CaCO3 Rate Conc. (CaCO3 Rate 
(g/L) (g/L) mg/L) pH <%) (g/L) mg/L) pH <%) (g/L) mg/L) pH <%) 

1.00 0.220 235 11.31 69.1 0.220 233 11.33 68.7 0.200 138 11.01 63.5 
0.83 0.183 195 11.18 67.2 0.183 193 11.19 66.8 0.166 115 10.96 62.3 
0.67 0.147 157 10.99 66.3 0.147 156 10.98 64.1 0.134 92 10.85 61.2 
0.50 0.110 118 10.95 63.1 0.110 117 10.94 63.1 0.100 69 10.78 60.0 
0.33 0.073 78 10.88 60.4 0.073 77 10.87 60.0 0.066 46 10.58 51.2 
0.25 0.055 59 10.62 48.0 0.055 58 10.64 49.2 0.050 35 10.31 41.6 

TABLE 10 

Detergent Composition Nos. 

(by Weight %) 146* 147* 148* 

Component (a) 

PolyoXyethylene alkylether nC12POE = 8 16 7 
PolyoXyethylene alkylether iC12POE = 8 

LAS-Na(C12-14) 20 6 
AS-Na(C10-18) 10 6 
Soap(C12—18) 3 5 
Component CEC 

Crystalline Silicate A S/N = 1.8 305 
B 1.5 303 
C 2.2 290 
D 2.0 224 15 
E 4.0 141 

JIS No. 1 Sodium Silicate 2.0 3 
Component (c) 

ZEOLITE 4A 280 25 40 11 
Acrylic acid-Maleic MW = 70000 380 5 7 
acid Copolymer 
Sodium PolyglyoXylate MW = 20000 340 3 
Sodium Polyacrylate MW = 10000 320 8 
Trisodium Citrate 310 total CEC 89 total CEC 122 total CEC 116 
Other Components 

Amorphous Aluminosilicate 185 
Sodium Carbonate 25 30 
Sodium Sulfate 3 4 
Sodium Sul?te 1 1 
TAED 7 
PC 23 
Protease 0.5 0.5 0.7 
Cellulase 0.4 0.4 0.6 
Lipase 0.1 0.1 0.1 
Water 8 6 4 . 

(a) + (b) + (C) = 66% (a) + (b) + (c) = 64% (a) + (b) + (c) = 60% 

Detergent Composition Nos. 

(by Weight %) 1-19" 1-20 

Component (a) 

PolyoXyethylene alkylether nC12POE = 8 6.5 20 
PolyoXyethylene alkylether iC12POE = 8 

LAS-Na(C12-14) 7 
AS-Na(C10-18) 
SOap(C12-18) 3 3 
Component CEC 

Crystalline Silicate A S/N = 1.8 305 50 
B 1.5 303 
C 2.2 290 
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TABLE 10-continued 

D 2.0 224 2 
E 4.0 141 

JIS No. 1 Sodium Silicate 2.0 3 
Component (c) 

ZEOLITE 4A 280 31 15 
Acrylic acid-Maleic MW = 70000 380 2.5 3 
acid Copolymer 
Sodium PolyglyoXylate MW = 20000 340 
Sodium Polyacrylate MW = 10000 320 
Trisodium Citrate 310 total CEC 101 total CEC 210 
Other Components 

Amorphous Aluminosilicate 185 2 
Sodium Carbonate 
Sodium Sulfate 10 2 
Sodium Sul?te 1 
TAED 2 
PC 26 
Protease 0.5 0.7 
Cellulase 0.4 0.5 
Lipase 0.1 0.1 
Water 6 2.7 

(a) + + (c) = 55% (a) + + (c) = 91% 

TABLE 11 

Detergent Composition Nos. 

1-16* 1-17* 1-18* 

Ion Cap- Ion Cap- Ion Cap 
Detergent Surfac- turing Deter- Surfac- turing Deter- Surfac- turing Deter 
Concentra- tant Capacity gency tant Capacity gency tant Capacity gency 

tion Conc. (CaCO3 Rate Conc. (CaCO3 Rate Conc. (CaCO3 Rate 
(g/L) (g/L) mg/L) pH <%) (g/L) mg/L) pH <%) (g/L) mg/L) pH <%) 

1.00 0.330 89 10.75 65.1 0.210 122 10.70 62.1 0.190 116 10.78 62.2 
0.83 0.274 74 10.61 62.1 0.174 101 10.55 58.9 0.158 96 10.62 59.3 
0.67 0.221 60 10.55 53.2 0.141 82 10.41 50.1 0.127 78 10.45 53.2 
0.50 0.165 45 10.20 46.2 0.105 61 10.37 46.3 0.095 58 10.32 48.6 
0.33 0.109 29 10.46 41.3 0.069 40 10.29 41.0 0.063 38 10.16 43.1 
0.25 0.083 22 10.29 35.1 0.053 31 10.18 33.7 0.048 29 9.91 39.0 

1-19* 1-20 

Ion Cap- Ion Cap 
Detergent Surfac- turing Deter- Sufac- turing Deter 
Concentra- tant Capacity gency tant Capacity gency 

tion Conc. (CaCO3 Rate Conc. (CaCO3 Rate 
(g/L) (g/L) mg/L) PH (%) (g/L) mg/L) PH (%) 

1.00 0.165 101 10.36 53.2 0.230 209.6 11.99 65.7 
0.83 0.137 84 10.12 46.1 0.191 174.0 11.31 64.4 
0.67 0.111 68 9.81 10.3 0.154 140.4 11.13 62.1 
0.50 0.082 51 9.62 37.2 0.115 104.8 10.96 60.9 
0.33 0.054 33 9.51 34.1 0.076 69.2 10.81 59.2 
0.25 0.041 25 9.12 30.2 0.058 52.4 10.71 46.7 

As is clear from the results in Tables 2 to 11, When the 
Washing liquids satis?ed the Washing conditions (1) to (3), 
provided that the Washing liquids do not contain clothes to 
be Washed (Detergent Compositions 1-1, 1-9 through 1-15, 
and 1-20), high detergency rates Were obtained. Particular in 
the case Where detergent compositions had Weight ratios of 

55 
of dosage of the conventional products for one Wash is 25 to 
30 g/30 L, the present invention product has been further 
made compact 0.4 to 0.7 times those of conventional com 
pact detergents. 
By contrast, as for the Washing liquids Which did not 

satisfy the Washing conditions (1) to (3) mentioned above 
the crystalline alkali metal silicate to the metal ion capturing 6O (Detergent Compositions 1_2 through 1_8 and L16 through 
agent other than the crystalline alkali metal silicate in the L19) in the Case Where the Washing ’1iquid had a 10W 
“i‘Flges of from 5/1 to 1/15’ the resulnng detergent compo‘ concentration of the detergent composition of from 0.33 to 
srtions showed a good detergency of not less than 60%. In 0 67 /L Onl 10W deter enc rates Were achieved 
addition, even in the case Where the Washing liquid had a ' g ’ y g y ' 
loW concentration of the detergent composition of from 0.33 X 5 P I 
to 0.67 g/L, as exempli?ed by Detergent Composition No. 65 TEST E PLE 2 
1-1 in Table 3, a high detergency rate of not less than 60% 
Was maintained. This means that since the standard amount 

Detergent Compositions shoWn in Table 12 Were used to 
carry out a detergency test under the following conditions: 
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The same Washing procedures as in Test Example 1 Were 
carried out except that the Washing temperature Was changed 
to 30° C., and that the Water used for Washing Was changed 
to that having a Water hardness of 8° DH (Ca/Mg 3/1), at 
detergent concentrations shoWn in Table 13. The results are 

34 
As is clear from Table 13, When the Washing liquid 

(Detergent Composition No. 2-1) satis?ed the Washing con 
ditions (1) to (3), a high detergency rate Was obtained. By 
contrast, as for the Washing liquid (Detergent Composition 

Shown in Table 13- 5 2-2) Which did not satisfy the Washing conditions (1) to (3) 
TABLE 12 mentioned above, in the case Where the Washing liquid had 

a loW concentration of the detergent composition of from 
w 0.50 to 1.20 g/L, only a loW detergency rate Was achieved. 

CEC 2-1 2-2* 10 

Component (a) TEST EXAMPLE 3 

LAS C12 . . . 

AS (émls) Detergent Compositions shown in Table 14 Were used to 
Soap (C12-20) 4.00 5.00 15 carry out a detergency test under the folloWing conditions: 
PcillyoXye/thylene alkyl- 1250 20-00 The same Washing procedures as in Test Example 1 Were 
t . . . 

ZCTLM POE : 8 carried out eXcept that the Washing time Was changed to 30 
component (b) minutes, that the Washing temperature Was changed to 40° 
Crystalline Silicate C., and that the Water used for Washing Was changed to that 
A 305 2800 1000 20 having a Water hardness of 15° DH (Ca/Mg=3/1), at deter 
B 303 gent concentrations shown in Table 15. The results are 
C 290 shoWn in Table 15. 
D 224 
E 141 
Sodium silicate 0 TABLE 14 
Component (c) 25 
— w 

Acrylic acid-maleic acid MW = 70000 380 4.00 5.00 
Copolymer CEC 3-1 3-2* 
Zeotite 280 40.00 40.00 
Sodium PolyglyoXylate MW = 20000 340 M 
Sodium Polyacrylate MW = 10000 220 30 

Trisodium Citrate 310 LAS (C12)5 
Other Components AS (CM-1 ) 
— Soap (C12-20) 3.00 3.00 

Amorphous Aluminosili- 185 3.50 11.00 pfllyoxyethylene alkyl' 1040 1840 
cate 6 er 

Sodium Carbonate 35 nC12-14 POE : 8 

Sodium Sulfate 3.00 4.0 COmPOQeHt (P? 
Sodium Sul?te 0.50 0.50 —crystanme 511mm 
TAED 5 
Sodium Percarbonate A 30 ZO'OO 8'00 
Protease 0.90 0.90 B 303 
Cellulase 0.90 0.90 C 290 
Lipase 0.90 0.90 40 D 224 
Other Components 1.80 1.80 E _ _ _ 141 

Total (%) 100.00 100.00 Sodlum slhcate O 
Surfactant (a) 16.50 25.00 —component (C) 
Alkali Metal Silicates (b) 28.00 10.00 _ _ _ _ 
other Builders (C) 4400 4500 Acrylic acid-maleic acid MW = 70000 380 9.00 9.00 

— 45 Copolymer 

(a) + + (C) = 8850 8000 Zeolite 280 44.00 40.00 
Ion Capturing 21908 18185 Sodium PolygloXylate MW = 20000 340 
Capacity (TOTAL CEC) Sodium Polyacrylate MW = 10000 220 

Trisodium Citrate 310 3.00 3.00 

TABLE 13 

Detergent Composition Nos. 

2-1 2—2° 

Detergent Surfactant Ion Capturing Surfactant Ion Capturing 
Concentration Conc. Capacity Detergency Conc. Capacity Detergency 

(g/L) (g/L) (CaOC3 mg/L) pH Rate (%) (g/L) (CaCO3 mg/L) pH Rate (%) 

2.00 0.330 438.2 11.32 75.8 0.500 363.7 10.90 64.4 
1.50 0.248 328.6 11.19 70.7 0.375 272.8 10.75 60.6 
1.20 0.198 262.9 11.10 68.0 0.300 218.2 10.56 55.2 
1.00 0.165 219.1 11.00 66.1 0.250 181.9 10.36 51.3 
0.83 0.137 181.8 10.94 63.3 0.208 150.9 10.13 47.1 
0.66 0.111 146.8 10.88 60.4 0.168 121.8 9.94 44.3 
0.50 0.083 109.5 10.69 52.1 0.125 90.9 9.72 40.6 
0.33 0.054 72.3 10.38 46.4 0.083 60.0 9.51 35.1 






