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ABSTRACT OF THE DISCLOSURE 
A synthetic textile ?ber having incorporated therein at 

least 1 percent (on the weight of ?ber) of silica parti 
cles in the form of elongated aggregations having a length 
to-width ratio of at least 10/1. Such ?bers have improved 
anti-soiling properties and, preferably, are naturally 
crimped. Acrylonitrile polymer ?bers of this type are made 
by forming loose aggregates of such silica particles in 
the spinning composition prior to spinning. During spin 
ning, these loose aggregates become elongated. 

This is a continuation of Ser. No. 736,350, ?led June 
12, 1968 and now abandoned. 
This invention relates to naturally crimped synthetic 

textile ?bers. More particularly, the invention relates to 
naturally crimped synthetic ?bers containing elongated 
aggregations of silica particles formed within the ?ber 
matrix and a method for preparing same. 
A substantial portion of the textile industry is presently 

concerned with the production of yarns and fabrics from 
synthetic ?bers. Certain physical characteristics common 
to the natural ?bers such as wool and cotton, are not 
present in these synthetic ?laments. As an instance the 
?bers of wool in their natural form contain a plurality 
of crimps consisting of waves with the number of crimps 
per inch in the individual ?bers varying widely within 
the different grades of wool. It has been determined that 
these crimps are primarily responsible for the soft hand, 
high bulk, covering power and excellent textile process 
ing properties of wool. Furthermore, the peculiar elastic 
qualities of wool are thought to stem from these crimps 
in that, when such ?bers are stretched, the crimps are 
subject to a straightening in?uence which imparts inter 
nal stresses, the net eifect of which are to urge the ?bers 
to assume their original crimp con?guration. 

Various well-known techniques, primarily physical or 
mechanical, exist for performing an operation called 
“crimping” upon strands of synthetic textile ?bers. These 
include the application of external mechanical forces usu— 
ally at elevated temperatures. For example, “gear crimp 
ing” by passing a bundle of the ?bers between a pair of 
co-acting gears. Another is “stu?er crimping,” which re 
lies upon the bending back and forth of a strand as it is 
forced into a stuf?ng box or con?ning chamber. Yet an 
other involves “twist-crimping” whereby the ?laments are 
twisted and untwisted to produce a more or less disturbed 
helical con?guration. More recently, improved crimping 
techniques have employed the use of bicomponent spin 
ning, whereby two polymers of different composition are 
extruded simultaneously through the same ori?ce. The 
composite ?lament that is formed is subjected to the ac 
tion of a shrinking agent such as boiling water, where 
by the ?laments develop a helical crimp. 
The complexity of some of these various processes and 

apparatus tends to deter their adoption for commercial 
practice. Additionally none has produced the permanency 
of crimp and softness of hand such as is associated with 
fabrics of natural ?bers. 

It is an object of this invention to provide a naturally 
crimped synthetic textile ?ber having a soft hand. 
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It is another object of this invention to provide a syn 
thetic textile ?ber having a crimp which is permanent to 
normal textile processing procedures and dyeing. 

It is still another object of this invention to provide a 
synthetic ?ber having improved anti-soiling properties. 
Yet another object of the invention is to provide a 

method for preparing such ?bers. 
These objects, and other objects which will become ap 

parent as the description of this invention proceeds are 
mainly achieved by incorporating in the synthetic ?bers 
at least 1% by weight of silica particles in the form of 
elongated aggregations having a length-to-width ratio of 
least 10/ 1. Preferably, such ?bers can be prepared by 
forming, in the spinning composition, loose aggregates 
of silica particles having chain-forming surface reactive 
groups, and spinning the spinning composition contain 
ing such loose silica aggregates by any conventional spin 
ning process including stretch-orientation and drying steps 
followed by a relaxation-shrinkage step so that desirable 
crimpiness is obtained. 
We have found, surprisingly, not all types of silica may 

be employed to form elongated aggregations. Upon ex 
amining the types of silica particles which perform the 
desirable function and those which do not, it would ap 
pear that only silica particles having surface reactive 
groups capable of forming chain-like formations of the 
particles are useful. This invention contemplates forma 
tion of these elongated aggregations by stirring of the 
silica particles into a spinning composition prior to ex 
trusion of the spinning composition into ?bers. Prefer 
ably, low shear stirring is employed in order to form 
loose aggregations of the silica particles in the spinning 
composition. The aggregations become elongated while 
passing through the ori?ces of the spinnerette and dur 
ing a subsequent conventional stretch-orientation step. 
Normally, in the spinning of synthetic ?bers, a relaxa 
tion step is provided following the stretching step, and 
it is during relaxation that these ?bers develop their 
crimpiness. 
We do not fully understand why the present treatment 

provides the unusual results of causing the ?ber to crimp. 
A theoretical explanation of why the results are obtained 
is not necessary however, to an understanding of the in 
vention. We believe that these elongated aggregations 
within the ?ber matrix provide relatively more rigid 
regions which shrink differentially to the ?ber matrix 
relaxation. We have noted that when the dimensions of 
the aggregations are such that the length is less than about 
10 times the width, then acceptable crimping does not 
occur. We believe, also, that there is an intimate or inter 
locking relationship between the aggregations and the 
?ber matrix which prevents slippage of the ?ber matrix 
in the vicinity of the aggregates. The above explanation is 
not intended in any way to limit the scope of this inven 
tion but is offered only as one plausible theory to explain 
the results. 
The ?bers of this invention, whether in their naturally 

crimped or uncrimped state are surprisingly resistant to 
soiling. Although these ?bers have a high degree of luster 
or specularly reflected light, the amount of light trans 
mittance through the ?ber is low. Such combinations of 
optical properties are known to yield ?bers having im 
proved apparent soiling properties. However, it would be 
highly unpredictable that ?bers of the type envisioned by 
this invention would have such optical properties. By 
alteration of the ?ber spinning procedure, it is possible to 
obtain ?bers having elongated aggregates of silica par 
ticles which are not crimped but which have improved 
anti-soiling properties. The preferred ?bers, however, are 
the naturally crimped ?bers of this invention which also 
have improved anti-soiling properties in addition to im 
proved bulk, cover, etc. 
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For a clearer and more complete understanding of this 
invention, reference may be made to the following de 
tailed description of a preferred embodiment thereof along 
with the accompanying drawing wherein: 

‘FIG. 1 is an electron micrograph of a suitable disper~ 
sion of silica particles in a ?lm cast from a spinning solu 
tion magni?ed about 5,000 times; and 

FIG. 2 is an electron micrograph of a longitudinal sec 
tion of part of a ?nished ?ber containing elongated aggre 
gations of silica particles magni?ed about 5,000 times. 
The invention will now be described in more detail with 

respect to a presently preferred polymer composition and 
?ber-making process. However, it is clear that the inven 
tion is not limited to the speci?c details of this preferred 
embodiment. 

It is well known that acrylonitrile polymer compositions 
may be dissolved in suitable solvents and spun into textile 
?bers having excellent properties. It is equally well known 
that such suitable solvents include concentrated aqueous 
solutions of certain metal salts, e.g., the thiocyanates, 
chlorides, etc. which are disclosed in Rein US. Pat. 2,140, 
921, among others. Such acrylonitrile polymers can be 
formed into ?bers by “wet spinning” techniques of the 
kind proposed by Cresswell U.S. Pat. 2,558,730 and others. 
“Wet spinning” involves extrusion of a spinning solution 
of the polymer in a solvent through a spinnerette into an 
aqueous coagulant to form a “wet gel” ?ber which there 
after may be washed, stretched, irreversibly dried and then 

I relaxed. 

The objects of the present invention may be accom 
plished in a “wet-spinning” process as described above by 
adding one or more of the desired silica products to the 
spinning solution in such a manner that loose aggregates 
of silica particles are formed. Thereafter such spinning 
solution is formed in the conventional manner into ?bers 
which have naturally formed crimp following the ?nal 
relaxation step. Some wet-spinning processes employ the 
relaxation step prior to drying, which is known as “gel 
relaxation.” We have found that when “gel relaxation” is 
employed the desirable crimp is not obtained. To obtain 
this natural crimp the ?bers must be dried prior to being 
relaxed. 
The silica particles employed according to this inven 

tion comprise submicroscopic particles averaging in diam 
eter by grade from about 50 to 140 Angstroms sintered 
together in chain-like formations. These chains are 
branched and have surface areas generally of about 400 
MZ/g. to about 200 M2/ g. This unique chain-like form 
distinguishes the desired silicas useful for the present in 
vention from the undesired silicas which do not provide 
these novel ?bers. The ability of the preferred silicas to 
form chain-like formations appears to be due to reactive 
groups (viz., hydroxyl groups) residing on the surface of 
the silica particles. The degree of hydroxylation cannot 
be speci?ed exactly since the amount required varies with 
respect to the surface area of the particle and the like. It 
is essential to the present invention only that the particles 
form elongated aggregations within the matrix of the ?ber 
and that said aggregations have a length-to-width ratio 
of at least 10 to 1. To this end, silica particles which do 
not form such aggregations are not useful for the purposes 
of the present invention. 
The amount of silica added to the spinning composition 

or solution should exceed 1 percent based upon the 
amount of polymer present. There is no upper limit with 
respect to crimp development, however, obviously, one 
should not add so much as to cause deterioration of such 
?ber properties as strength, optical properties, etc. We 
have found that best results are obtained when using be 
tween about 1% and 10%, and preferably from about 
1.5% to 5%, of silica on weight of polymer. Speci?c ex 
amples of the preferred silica products are the fumed 
silica such as Cab-O-Sil@ sold by the Cabot Corporation 
and Aerosil® sold by Degussa, Inc. Not all products sold 
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4 
under these trademarks are suitable, however, since not 
all have the required amount of reactive surface hydroxyl 
groups. Speci?c reference to those found useful to date 
will be found in the examples to follow. 

Particular care must be employed in the manner in 
which the silica is incorporated in the spinning composi 
tion or solution in order to obtain a proper dispersion. We 
have found, for example, that gentle stirring or mixing of 
the solution following addition of the silica is best for 
forming the desired loose formations of the particles. This 
condition is illustrated in FIG. 1 which is an electron 
micrograph of a suitable dispersion of silica particles in a 
?lm cast from a spinning solution and magni?ed about 
5,000 times. FIG. 1 substantially represents the dispersion 
as it would exist in the spinning solution. If rapid stirring 
or high shear mixing is employed, dense aggregates of the 
silica are formed which do not become elongated during 
subsequent spinning procedures. 
The spinning solution so prepared is next extruded 

through spinnerette ori?ces into a suitable coagulant, 
preferably aqueous, which is a non-solvent for the poly 
mer. A ?ber gel is formed which is washed free of 
residual solvent and then stretched in hot water, air, 
steam, or the like at least 2 times and sometimes 4 to 
15 times or more which causes the polymer molecules 
in the gel to orient themselves longitudinally with the 
?ber axis to impart strength. Optionally, a “solvent” 
stretch may be used prior to the washing step in com 
bination with the hot stretch. Next the stretched ?bers 
are irreversibly dried, usually under controlled tempera 
ture and humidity such as is described in Robertson et 
al. US. Pat. 2,984,912, which serves to collapse the ?ber 
from its highly swollen gel state to a dry, dense struc 
ture. The dried ?bers are then relaxed in a free~to-shrink 
condition while exposed to a treatment which allows 
shrinkage, such as high temperature steam under pres 
sure, shrinking agents, etc. It is during this relaxation; 
i.e., the shrinkage treatment, that the ?bers of this in 
vention assume a naturally crimped con?guration. FIG. 
2 is an electron photomicrograph at 5,000X of a longi 
tudinal section of ?nished ?ber prepared in the above 
described manner, clearly illustrating the inclusions of 
elongated aggregates of silica particles. Fibers which are 
relaxed prior to the drying state are not naturally crimped 
but still have desirable anti-soiling properties and are 
useful in those applications where high bulk and cover 
are not important considerations. 

Generally, the degree of crimp or crimp product; i.e., 
the number of crimps per unit length times the amplitude 
of this crimp, increases with an increase in the amount 
of silica up to about one percent on the weight of ?ber 
and also increases with an increase in the amount of 
?ber shrinkage obtained during relaxation. Above about 
one percent, crimpness is not affected signi?cantly by 
the amount of silica but continues to increase with in 
creased shrinkage. Characteristically, the crimp obtained 
is one of medium frequency and relatively low amplitude. 
The present invention does not exclude the applica 

tion of mild mechanical crimping of the ?bers, in ad 
dition to the naturally obtained crimp. As stated earlier, 
the naturally obtained crimps are permanent to condi 
tions of dyening; i.e., boiling water, etc. Mechanical 
crimping is generally not permanent. It may be desirable, 
therefore, to impart mechanical crimps to the ?bers as a 
textile processing aid while depending upon the natural 
crimps to yield improved fabric properties. 

While, as previously stated, the preferred ?bers are 
acrylonitrile polymer ?bers that are wet spun from ?ber 
forming acrylonitrile polymers that contain atv least about 
70 weight percent polymerized acrylonitrile, it is ap 
parent that other types of ?bers can also be similarly 
improved by incorporation therein of elongated aggrega 
tions of silica particles in accordance with the teachings 
of the present invention. 
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In order to further illustrate this invention, reference 
is made to the following examples which are presented 
by way of illustration only and which are not intended 
to limit the invention in any way. 

EXAMPLE 1 

A spinning solution was prepared comprising 11.2 
percent of a copolymer of 10.2 percent methyl meth 
acrylate and 89.8 percent acrylonitrile, 41.0 percent of 
sodium thiocyanate, and 47.8 percent of water. 
A quantity of silica having the following properties 

was treated at 150° C. for 1% hours and then trans 
ferred to a vacuum desicator to remove any residual 
moisture. 

6 
1 percent does not signi?cantly affect the amount of 
crimp obtained. The results are as follows: 

Shrinkage _ 
after steam, Crimp Crimp 

5 Percent SiOz in ?ber 127° 0. frequency product 

32 (I) .......... -_ 
37 8. 4 9. 0 
32 6. 4 8.1 

34. 5 9. 3 10. 5 
36 11.7 15.0 
33 8. 2 8. 4 
32 17. 1 11. 5 
32 13. 5 14. 0 

Cab-O-Sil®: EH-S grade 15 
Surface area MZ/g. (BET) __________ __ 390:40 
Particles size microns ______________ __ 0.007 

Density lbs/cu. ft. ________________ .._ 2.3 max. 

3.36 grams of the thus dried silica was added to 1000 
grams of the spinning solution and stirred until mixed. 
The mixture was placed in a sealed container which 
was next rolled on rollers for approx. 1 hour to complete 
a thorough mixing of the silica in the solution. 

After deaerating, the spinning composition comprising 
the polymer solution and silica was extruded through 
a spinnerette having 10 ori?ces measuring 130/1. each into 
a 10 percent aqueous NaCNS coagulation bath cooled 
to 0° C., thus forming gel ?laments. 
The gel ?laments were continuously withdrawn from 

the bath, stretched 2.5 times in air and thereafter Washed 
with water until free of residual NaCNS. The washed 

20 

1 Very slight. 

As the data suggest, the amount of shrinkage affects 
the amount of crimp obtained. To con?rm this the 
samples containing 4.2% and 5.7% Si02 were steamed at 
higher temperatures to determine the effect on crimp. 

Steam 
temp Percent Crimp Crimp 

Percent S102 ° C. shrinkage frequency product 

4.2 ______________________ __ 128. 5 36 17.1 8. 
. 130.0 40 19. 5 12. 8 

128. 5 36 15. 7 13. 1 
130. 0 40 18.0 18.6 

EXAMPLE 3 

Following the procedures of Example 1, other silica 
products having similar properties to the silica of Ex 
ample 1 were successful in preparing naturally crimped 
?ber. These products are given below along with their 
respective properties and the results obtained on spun 
I?ber: 

Percent Percent 
Product D 3 S101 shrink C.F.4 O P 5 

Cab-O-Silt 2. 3 1. 3 34. 0 8. 0 7. 2 
Cab-O-Sil 2. 3 3.6 33. 0 8. 9 12. 4 
Cab-O-Sil. . 2. 3 2. 5 34. 0 4. 4 10. 1 
Cab-O-Sil. .. 4. 03:2 5 2. 5 36. 0 10. 2 7. 6 
Aer0sil®3 3 2. 5 3. 0 34. 0 11. 6 14. 7 
Aerosil®200 6. 0 3. 1 34. 5 11. 9 13. 1 
Aerosil®380__ .._ 2. 5 2. 6 34. 0 12. 4 8. 1 

l Surface area, Milg. 
7Particle size, microns. 
8 Density lb./cu. it. 
4 Crimp frequency. 
5 Crimp product. 
° Estimated 

?laments were next stretched 4 times 1n water at approx. EXAMPLE 4 
98° C. and then dried in a free-to-relax condition in an 
oven at 127° C. (dry bulb) and 60° C. (wet bulb). 
During drying, the ?laments shrunk 28 percent of their 
stretched length. The dried ?laments were then subjected 
to pressurized steam at 127° C. which further shrunk 
the ?laments by an overall 35% of their stretched length. 
The ?ber had a ?nal denier of 18.0. The ?bers so pre 
pared had a naturally acquired crimp. By measurement, 
the crimp frequency was 9.3 crimps per extended inch 
of ?ber and a crimp product was 12.7. By ash analysis, 
the ?ber contained 2.1 percent SiO-2. 

Electron photomicrographs of longitudinal cross-sec 
tions of the ?ber showed that the silica was present in 
the ?ber as elongated aggregations of chain-like con 
?gurations of SiOz particles, similar to that shown in 
FIG. 2. 
An identical spinning of the same spinning solution, 

without the added silica, produced essentially ?bers hav 
ing no crimp. , 

EXAMPLE 2 
A series of ?bers were made containing various 

amounts of the silica compound of Example 1 utilizing 
substantially the same procedure as Example 1, which 
show that crimp is obtained in all cases when more than 
about 1 percent silica on weight of ?ber is incorporated 
therein. It will be noted that the amount of silica above 
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This example represents a reduction to practice of the 
present invention in which several hundred pounds of 
product was made. The product was tested with respect 
to critical characteristics, such as physical properties, 
crimp permanence in boiling water and anti-soiling per 
formance. This ?ber was spun by injection of a master 
batch of concentrated silica into a spinning solution not 
containing silica prior to extrusion. Details are as follows. 
A masterbatch was prepared consisting of 11 lbs. of 

Cab-O-Sil® EH-S mixed into 13 lbs. of the polymer of 
Example 1 dissolved in a solution of 154.5 lbs. NaCNS 
and 135.5 lbs. water. This masterbatch containing about 
3.5% silica and about 4.1% polymer was continuously 
injected into a spinning solution containing 11.2% of the 
same polymer in amounts necessary to yield approx. 
2.0% silica on the total weight of polymer from the 
combined streams. A conventional line mixer was used 
to throughly combine the two streams prior to extrusion 
and subsequent spinning as described in Example 1. The 
?bers were relaxed in drying and steaming to a total 
overall shrinkage of approx. 36 percent of their stretched 
undried length. Crimp frequency and crimp product were 
variable along the ?ber length with the crimp frequency 
ranging from about 10.0 to about 16.5 crimps per inch 
and the crimp product varying vbetween about 7.5 and ' 
about 18.0. Samples of these ?bers were exposed to boil 



3,812,004 
7 

ing water to determine the amount of crimp retention' 
and permanency to such a treatment. The following table 
indicates little or no crimp is lost, and there is some m 
dication of an increase in crimp amplitude in all but one 
case with a corresponding decrease in crimp frequency. 

Before boiling After boiling 

or. or. 

10. 9 10. 3 10. 4 16. 2 
15. 3 17. 8 16. 3 16.6 
16.0 11. 5 12. 7 16. 9 
14. 9 7. 5 13. 0 13. 4 
16. 4 9. 0 15. 7 12. 1 
16. 4 10. 3 14. 4 16. 0 
13. 8 9. 6 12. 5 10.1 

Many analyses of the ?bers were made for silica con 
tent. The distribution was not uniform and ranged from 
1.2% to 2.76%, averaging about 1.9% in most cases. 
The ?bers produced in this example, like those of the 

other examples, have a very desirable translucent luster. 
When measured for light transmission, the ?bers of this 
example transmitted generally less than 15 percent, and 
often less than 10 percent of the light. This combination 
of high luster or specular re?ection and low transmission 
is known to yield improved apparent anti-soiling prop 
erties. The degree of soiling of a ?ber is calculated from 
measurements on a “Color 'Eye” (a colorimeter made 
by Instrument Development Labs.). Each ?ber sample 
is measured before and after soiling from which a 
Kubelka-Munk -(K/S) value is obtained by log 
[Y value ><0.8813] where Y is a measure of greenness in 
the sample. The difference in (K/S) between a soiled and 
an unsoiled sample (AK/S) is, therefore, indicative of the 
degree of soiling. When the ?bers of this example were 
compared with identical ?bers without silica by this test, 
it was found that the ?bers containing silica had vastly 
improved anti-soiling characteristics. 
The test was conducted as follows; in separate tests, 

ten grams of ?ber were washed for 1 minute in 1000 ml. 
of either (A) water containing 0.3 g. of synthetic dirt, 
or (B) benzene containing 0.3 g. of synthetic dirt, and 
then dried. Next, the ?bers were measured on the Color 
Eye to determine their respective K/S values. The fol 
lowing A(K/S) values indicate the results of this test 
using the ?bers of this example and an untreated ?ber. 

Carrier Untreated Treated 

Benzene.‘ ........... ._ 1.10 (very s0i1ed)._ ...... _- 0.08 (very light soil). 
Water ............... .- 0.18 (light soiling) _______ -. 0.12 (light soil). 

Another test was conducted on additional quantities 
of these same ?bers. Treated ?bers made by the process 
of this example were further processed into yarn which 
was mock dyed and then processed into tufted carpets. 
.Also, untreated ?bers (without silica, but otherwise 
identical) were made into comparison carpets of identical 
construction. Both carpets were placed on the ?oor of 
a laboratory corridor for floor testing. After about 10,000 
tra?'ics, the K/ S values on the soiled carpets were deter 
mined as above. Then the carpets were cleaned by a 
commercial cleaner utilizing their standard carpet clean 
ing procedure. The K/S values were also determined on 
these cleaned carpets. The differences between these K/S 
values and the K/ S values of the original carpets prior to 
?oor testing are reported in the following table of the 
A(K/S) values. 

Treated Untreated 

After 10,000 traf?cs ............................. ._ . 291 . 617 
After cleaning __________________________________ . . . 183 . 363 
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8. 
From these tests, it is seen that the ?bers of the present 

invention appear to resist soiling better than untreated 
?bers which are otherwise identical and also appear to 
be less soiled after identical cleaning operations. 
The development of crimp, of course, has nothing to 

do with the ?ber optics and such anti-soiling improve 
ments will be obtained whether crimp is intentionally 
developed or not. 

Although certain speci?c examples have been given 
for purposes of illustration, other silica or metal oxides 
having similar properties and producing a similar elfect 
may be used. The invention may be adapted to various 
uses as will occur to one with skill in the art. 
We claim: 
1. A naturally crimped acrylonitrile polymer textile 

?ber the crirnpiness of said ?ber resulting from the pres 
ence therein of 1 to 10 percent (on the weight of ?ber) 
of silica particles in the form of elongated aggregations 
having a length-to-width ratio of at least 10/ 1, said silica 
particles having chain-forming surface reactive hydroxyl 
groups. 

2. A ?ber as de?ned in claim 1, wherein said silica 
particles have an average diameter of less than about 
150 angstroms and a surface area of at least about 200 
MZ/g. 

3. An acrylonitrile polymer textile ?ber containing 
therein 1 to 10 percent (on the weight of ?ber) of silica 
particles in the form of elongated aggregations having a 
length-to-width ratio of at least 10/1, said silica particles 
having chain-forming surface reactive hydroxyl groups, 
said ?ber having improved anti-soiling properties due to 
the presence therein of said silica particles. 

4. In the process of spinning ?bers by dissolving an 
acrylonitrile polymer in an aqueous saline solvent to 
form a spinning composition and spinning said spinning 
composition into ?bers by steps including extruding said 
spinning composition into an aqueous coagulant to form 
highly swollen Wet gel ?laments, washing, stretching, and 
drying said wet gel; the improvement which comprises 
forming in said spinning composition loose aggregates 
of silica particles having chain-forming surface reactive 
hydroxyl groups, said silica particles comprising at least 
1 percent of the weight'of the polymer present in such 
spinning composition and relaxing said ?ber. 

5. A process as de?ned in claim 4 wherein said relax 
ing step is performed on the wet gel after stretching and 
prior to drying to obtain ?bers of improved anti-soiling 
properties due to the presence therein of elongated aggre 
gates of said silica particles. 

6. A process as de?ned in claim 4 wherein said relax 
ing step is performed on the dried ?ber after both the 
stretching and drying steps to obtain naturally crimped 
?bers due to the presence therein of elongated aggregates 
of said silica particles. 
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