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This invention relates to the treatment of surfaces to 
reduce the adherence or attraction of particles thereto 
and more particularly to the treatment of fabrics, paper 
and paper-like materials, paint films and other materials 
to reduce their color change due to pick-up and retention 
of particles on their exposed surfaces. 
A more specific object is to reduce color change or 

greying of fabrics (flat or pile), covering or wrapping 
material such as paper, and films such as paint or varnish, 
due to the pick-up and retention of particles during use. 
Another object is to reduce the particle adherence 

of surfaces without introducing an undesirable discolora 
tion or whitening or otherwise harmfully altering the ap 
pearance or feel of the treated material. 

Another object is to reduce the adherence of soil 
particles to surfaces. 

Other objects and advantages will be apparent as the 
nature of the invention is more fully disclosed. 

This application is a continuation-in-part of co-pending 
application Serial No. 213,304 filed February 28, 1951, 
and now abandoned. 

In order to obtain comparative results and to determine 
the suitability of a selected composition for the above 
purpose a series of tests have been developed for measur 
ing the particle adherence and the color change of a 
surface treated as described herein, called the adherence 
index and whitening index respectively. The adherence 
index is determined by comparing the color changes pro 
duced on treated and untreated samples, by the stand 
ardized soiling test procedure outlined below, using the 
same instrument for both tests. The whitening index is 
the color change produced by the treating composition, 
as measured in a colorimeter. The adherence and whiten 
ing indices define the characteristics of the coating and 
are a measure of the nature of the composition which is 
applied to the material to form the coating. The com 
position used as a source of particles for measuring the 
adherence index is a synthetic soil composition which is 
described hereinafter. It is chosen because the treat 
ments described herein have practical value in altering 
what are commonly termed the soil-resistance character 
istics of fabrics or surfaces. 
The standard test procedure is as follows: 

ADHERENCE INDEX 
The adherence index test is made in a cylindrical 

ball mill, constructed of heavy gage metal 12' in diameter 
and 6' high. On the circumference are placed 3 equi 
distant openings 4'x4'. Three removable doors over 
lap these openings and are held to the mill by means of 
wing bolts. A 1' O. D. x8' long steel perforated pipe 
is welded through the axis of the mill and contains a 
removable cap on one end and a sealed cap on the other. 
A perforated fiber tube is placed in this pipe and serves 
as the soil holder. Three radial steel baffles 34' x 6' 
are located on the inside wall of the mill, equidistant 
between the openings. Thirty steel balls 4' in size are 
placed in the mill. 
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In operation, samples of the material to be tested, 

Such as a rug cut 5' x 5' are placed over the openings 
in the mill so that 4' laps over on all sides. The re 
movable doors are then clamped over the samples and 
the wing bolts tightened. A charge of synthetic soil 
particles is placed in the fiber tube and this in turn is 
placed in the steel pipe. The pipe is then capped and 
the mill rotated for 20 minutes at 60 R. P. M. 
The synthetic soil is based on a composition set forth 

in an article in the Journal of Americal Oil Chemical 
Society, May 1950, pages 153-9, by H. L. Sanders and 
J. M. Lambert on a survey of the street dirt of six cities 
across the nation. A modification has been made to 
make it more applicable to this testing procedure. The 
synthetic soil composition is as follows: 
Composition: Percent 

Peat moss------------------------------ 37 
Cement-------------------------------- 17 
Kaolin clay----------------------------- 17 
Silica (200 mesh)----------------------- 17 
Molacco Furnace Black------------------ 1.75 
Iron oxide------------------------------ 5 
Mineral oil----------------------------- 8.75 

The degree of pick-up of soil particles, or adherence 
index is calculated from measurements on a "Color Eye' 
(an electronic colorimeter made by the Instrument De 
velopment Labs.). The instrument measures the tri 
stimulus values X, Y and Z which give an indication 
of the redness, greenness and blueness respectively re 
flected from objects. Five places on each sample are 
measured before and after soiling in the ball mill using 
the "Daylight' illuminant. Specular reflectance setting, 
with a white vitrolite block as standard. For measuring 
a pile rug the sample is placed in the holder of the in 
strument and the average of five readings is computed 
for X, Y and Z. The adherence index is defined as 
the ratio of the color difference of the treated sample, 
before and after ball milling to the color difference of 
the untreated sample before and after ball milling, com 
puted according to the following equation: 

AI-VAX +AYFAZ." 
VAX?--AY-AZ2 

where XT, YT and ZT are the redness, greenness and 
blueness of the untreated samples as measured on the 
"Color Eye'; Xu, YU and Zu are the same characteristics 
of the untreated samples; and AX, etc. is the color change 
due to ball milling and A. I. is the Adherence Index. 
An adherence index of 1 would indicate equal particle 

adherence of the treated and untreated samples. An in 
deX above 1 indicates that the treated sample has greater 
adherence than the untreated sample, and an index of 
less than 1 indicates that the treated sample has less 
adherence than the untreated sample. 

WHITENING INDEX 
The Whitening index is measured as the color difference 

between the treated sample and the untreated sample 
(prior to ball milling) measured on the “Color Eye" as 
above and computed according to the following equation: 

Treatment which produces an adherence index of less 
than .85 and a whitening index of 10.6 or below, as 
determined by the above procedure, has been found satis 
factory for improving the soil resistance of surfaces of 
the type specified. 
The treatment in accordance with this invention com 

prises depositing on the surface to be protected a com 
position containing a metal oxide having characteristics 
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which make it effective for the purpose as illustrated by 
the specific examples. 
The oxide may be applied to the specimens from a 

dispersion under condition to leave a coating of oxide 
of the desired weight and composition after the vehicle 
has been removed. The coating may or may not be con 
tinuous. 
The material can be treated in various ways depending 

upon its type and the results desired. In the case of pile 
fabrics, such as rugs or carpets, the dispersion may be 
sprayed over the pile surface in an amount to produce 
the desired particle pick-up, or the dispersion may be ap 
plied by means of a carpet cleaning brush, and then 
dried, or the fabric may be inverted and the pile only 
dipped into the dispersion. When used as a part of a 
standard rug-making process the dispersion may be 
sprayed onto the pile (face up) or the pile dipped (face 
down) after sizing and the treated rug then passed 
through a standard drier for removing the vehicle. If 
the treatment is applied to a carpet on the floor it may 
be dried at room temperature by allowing it to stand for 
a sufficient period of time. 

After drying the coating has the property of adhering 
strongly to the surface. If eventually removed as a result 
of repeated cleaning or use it can be easily renewed. 
The treatment is effective on various textiles such 

as wool, cotton, jute, viscose rayon, acetate rayon, nylon, 
acrylics, polyesters, and other synthetic fibers and/or 
blends thereof. 
Rugs having pile composed of wool yarn or a synthetic 

yarn or blends thereof, such as wool and rayon or wool 
and nylon may be treated by spraying the dispersion, 
preferably in the form of a fine mist and then drying. 

Cotton pile rugs may be immersed in the dispersion 
until the desired pick-up has taken place on the fibers. 
The fabric is then passed between squeeze rollers and 
dried to leave the desired oxide coating on the pile. 
The treatment is suited in general for any surface which 

is subject to particle adherence. 
It has also been found that the treatment above de 

scribed in many cases improves the resistance to moths 
and other insects and enhances the fire resistance of the 
treated materials. 
The oxide should be hydrous, that is it may contain 

water of hydration or adsorbed or absorbed water in 
order to improve its adherence characteristics. It should 
also have a surface area in square meters per gram in 
the range of 15 to 200 with an average working particle 
size of not over .6 micron, and an average primary or 
ultimate particle size of 5 to 50 millimicrons. A pre 
ferred range for best results is 35 to 130 square meters 
per gram. Certain oxides produced as set forth in the 
following examples have been found to have the char 
acteristics required for the purpose of this invention. 

Example 1 
Pyrolytic alumina may be prepared as a reaction prod 

uct resulting from the hydrolysis and dehydration of a 
volatile aluminum halide or from the thermal decom 
position of aluminum sulfate in a high temperature gase 
ous environment. This finely divided product is an essen 
tially crystalline form of aluminum oxide whose X-ray 
diffraction lines correspond most closely with those of the 
so-called gamma modification of alumina. The aver 
age primary particle size of the aluminum oxide may be 
produced over the range of 5-50 milimicrons diameter 
and a surface area range of 15-200 m./gram as measured 
by the Brunauer-Emmett–Teller method of low tempera 
ture nitrogen adsorption. The hydrous aluminum oxide 
produced by this process contains a minimum of 90% 
Al2O3, the remaining 10% consisting of physically ad 
sorbed moisture, chemically combined water (removable 
by heating to 1000 C.) and residual non-metallic ele 
ments resulting from the incomplete decomposition of 
the original aluminum-bearing raw material salts. 
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An example is a pyrolytic alumina sold under the trade 

name of Alon by Godfrey L. Cabot, Inc., which has a 
hardness of 9 (MHO scale) and a packed density of 4 
to 5 pounds per cubic feet. It has an acid pH, is inert 
to the atmosphere, and to the materials treated. 
A dispersion is prepared by agitating one part of Alon 

in 100 parts of salt free water. This dispersion is sprayed 
as a fine mist onto the pile surface of an Axminster pile 
carpet having a backing composed of cotton chain and 
filler yarns, jute stuffer yarns and one-half inch pile hav 
ing a weight of 23.2 ounces per square yard composed 
of a blend of 50% wool and 50% rayon. The pH of 
the pile was 4 to 4.5. The spray was controlled so that 
the weight of the dispersion taken up by the pile was 
about 100% of the pile weight and was concentrated on 
the pile with the backing remaining substantially dry. 
The carpet was then passed through a drier at a tempera 
ture of about 175 F. to remove the water and leave a 
coating of hydrous alumina on the pile of about 1% by 
weight of the pile, corresponding to about .011 ounce per 
square yard of exposed fiber surface. The coating was 
most concentrated at the free ends of the pile although 
some of the coating may extend down to the portion of 
the pile anchored in the backing. 

Samples of the carpet so treated, when given the ad 
herence and whitening tests described above, were found 
to have an adherence index of .72 to .84 and a whitening 
index of 5.2 to 8.7. When applied as a coating of .75% 
by weight an adherence index of .80 and a whitening index 
of 4.6 were obtained. A floor test in which the carpet 
was placed in a corridor adjacent an untreated sample 
where both samples were walked on equally by several 
thousand persons showed that this sample soiled more 
slowly than the same carpet untreated and was more easily 
cleaned by a standard vacuum cleaner. 
The dispersion may also be applied by inverting the 

carpet and dipping the pile only into the dispersion to ob 
tain the same pick-up. 

Oxides produced as above are herein defined as "pyro 
lytic' oxides. 

Example 2 
A dispersion in an organic vehicle may be made by 

adding one part Alon to 100 parts of isopropanol or of 
ethyl alcohol containing from 1% to 10% water. This 
dispersion can be used as in the previous example. 
Other volatile organic vehicles that can be used are: 

Methanol 
Acetone 
Ethylene glycol 
Carbon tetrachloride 
The spraying or dipping may be controlled so that the 

desired weight of coating is formed. 
A coating of .5% to 1.5% dry solids based on the 

weight of the pile has been found most effective for 
many types of pile materials although the coating may 
be varied from .25% to 5% for some purposes. An ex 
cess of the composition may be used but usually does not 
further decrease the adherence index and may increase the 
whitening index. In addition it may result in excessive 
dusting and may become noticeable in the feel of the 
material. 
The surface area of fiber coated was calculated by the 

following equation: 
1 .. 4 
DX iXF 

Where W equals the total weight of fiber per square 
yard; As equals the effective exposed fiber surface area 
(in square yards) per square yard of fabric; D equals 
average density of the fiber in pounds per cubic yard 
calculated by (specific gravity) X 1685; di equals aver 
age diameter of the fiber in yards calculated by (fiber 
diameter in microns) x 1.095X10; and F equals a factor 
showing the average degree of penetration of the treating 
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dispersion expressed as a fraction of the total fiber area 
which is coated. 
F values of from one-third to one-twelfth may be used, 

depending upon yarn construction, coating technique, fiber 
diameter, and fabric construction. 
While in general the weight of coating varies from 0.25 

per cent to 5.0 per cent of the fabric weight, the amount 
of material applied per square yard of exposed fiber sur 
face may vary from .003 to .054 ounce per square yard 
of exposed fiber surface area computed as above. A 
range of .0063 to .024 ounce per square yard of exposed 
surface usually produces satisfactory results. 

If pile surfaces are treated by spraying or dipping the 
major part of the coating is deposited on the exposed pile 
tufts toward the free ends thereof although some of the 
composition may migrate to the bound portions of the 
pile and to the backing. 

Standard detergents, wetting and dispersing agents may 
be used with the above dispersions if desired. These are 
particularly useful to effect a combination of cleaning 
and treating. 
What is claimed is: 
1. A pile fabric having a backing and pile tufts anchored 

therein and extending upwardly therefrom, said pile tufts 
having a surface coating in an amount of .25% to 5% by 
weight of the pile of a substance containing a majorportion 
of a hydrous pyrolytic aluminum oxide having a surface 
area of 15 to 200 M/g., an average working particle size 
of not over .6 micron, said oxide being non-hygroscopic, 
inert to the atmosphere and inert to the material of the 
pile fabric, said coated surface having the adherence and 
whitening characteristics corresponding to an adherence 
index of not over .85 and a whitening index of not over 
10.6 determined as defined herein. 
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2. The method of making a pile fabric having improved 

particle adherence characteristics and composed of a 
backing having pile tufts anchored therein and extending 
upwardly therefrom, which comprises applying to said pile 
tufts while in a substatially unsoiled condition a dilute dis 
persion composed of a liquid vehicle containing particles 
of pyrolytic aluminum oxide, said particles having a sur 
face area of 15 to 200 M2/g. and an average working 
particle size of not over .6 micron, said oxide being non 
hygroscopic, inert to the atmosphere and inert to said 
material, and removing the liquid vehicle to leave on said 
tufts a coating of said particles having a weight of .003 
ounce to .054 ounce per square yard of exposed surface 
area to produce thereby a coated surface having adherence 
and whitening characteristics corresponding to an adher 
ence index of not over .85 and a whitening index of not 
over 10.6 when determined as defined herein. 
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