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Application August 8, 1949, Serial No. 109,206

| 15 Claims.

|
This application is a continuation—in-part of
application Serial No. 74, 935, filed February 17,

1949, now abandaned
It has been shown that glass fibers may be

leached fo remove the non-siliceous oxides and

thus produce fibers of high silica content, the
silica content depending upon the degree of ex-
traction of the fibers. Devending upon the com-
position of the fibers, these non-siliceous oxides
may be extractg‘d either by plain water or with
acids. While glass fibers of various compositions
may be so extracted by both neutral water and
acid waters, the boro-silicate glasses which are
usually employed in forming glass filaments for
weaving into textile materials which have less
than 70% silica content may be extracted with-
out previous preheating of the glass structure.
‘Such filaments may be leached without such heat
treatment and since they are usually of less than
001" in diameter, they may be leached to remove
the acid soluble oxides other than silica without
destruction of the fiber. The glasses which lend
themselves best to drawing into fiber contain
about 56% or less of silica, about 229% or less of
alumina, about 5% or more of boron oxide and
about 22% or less of second group metal oxides,
especially lime and magnesia. Such fibers, with-
out preheating, may be readily leached with acid
to remove the metal oxides other than silica.

The resultant product contains some water of
hydration in the neighborhood of about 8% to
11% and may be dehydrated by heating to tem-

peratures of about 1000° F., preferably in the
region of about 1400° fo 1600° F. By proper

control of the acid extraction process the re-
sultant fibers after firing contain high siliea con-
tent and may be as high as 909% and even sub-
stantially 99.99 of silica as determmed by the
hydrofiuorie acid method.

The above process and the effect of the glass
composition and degrees of treatment in produc-
ing such extracted glass fibers are described in
the Parker and Cole application, Serial No.
669,098, filed May 11, 1946, now Patent No.
2,491,761, and United States Patent No. 2,461,841
issued to Nordberg, to which reference may be
had for a more full discussion of this process
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In our previous application Serial No. 74,935,
filed February 7, 1949, we have shown that the
process of extraction of the boro silicate glasses
containing alumina and second group metal 0x-
ides, as previously described, results in a trans-
formation of the silica of the glass from a form
which is substantially insoluble in sodium car-
bonate solution into a form which is soluble in
sodium carbonate solution. We have also shown
that the percentage of the silica which is present
in such soluble form depends upon the degree
of extraction to which the glass has been sub- -
jected. The glass structure, that is the fiber,
maintains its form during the extraction and

during the firing, but there is a large impairment

in the cohesive force of the fiber structure. Thus,
the tensile strength and the resistance to abrasion
of the extracted glass fibers of yarn, rope or cloth
is materially reduced, in fact, to but a small frac-
tion of the original tensile strength or abrasive
resistance.

The degree of extraction of the non-siliceous
oxides of the glass depends upon the time, tem-
perature and concentrations employed, and by
controlling these factors the degree of extractlon

- may be controlled.
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In said application Serial No. 74 , 935, 1t was
disclosed that there is an unexpected reversal
in the depreciation of tensile strength as the
leaching progresses and as more non-siliceous ox-
ides are exiracted; that is, as the concentration
of the sodium carbonate_soluble silica in the glass
increases. Thus, as the leaching progresses and
there is a conversion of a portion of the vitreous

silica (which is insoluble in sodium carbonate = -

solution) into the sodium carbonate soluble form,
the tensile strength of the flber structure is rap-
idly decreased, but as the leaching continues and
the concentration of carbonate soluble silics in
the leached glass increases there is g reversal in
the trend and the tensile strength appreciates as
the content of sodium carbonate soluble silica in-
creases, but if this leaching continues with a-
further increase in the content of the sodium
carbonate soluble silica there is a further re-
versal in the frend and the tensile strength again

depreciates
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It was found as the result of an extensive ex-
perimentation in leaching of such boro silicate
aluming glasses containing second group oxides
that while the tensile strength of the leached
fabric is less than that of the original glass fab-
ric as the concentration of the sodium carbonate
soluble silica in the leached glass increases be-
vond about 309 (on a volatile free basis), the
tensile strength increases, reaching a maximum
in the region of about 70% to 86% (on a volatile
free basis) sodium carbonate soluble silica in the
leached glass at which a maximum tensile
strength is obtained, and that as the concentra-
tion of the sodium carbonate soluble silica in-
creases beyond about 869% the tensile strength
diminishes rapidly, falling to about as much as
509 of the maximum tensile strength in going
from 86% to 899% (on a volatile free basis) solu-
ble silica in the leached glass.

Summarizing the discovery of our present ap-
plication we have found by further study of this
phenomenon that the value of the maximum of
tensile strength obtained by carrying the extrac-
tion of the glass to develop a soluble silica con-
tent within the range of 70% to 87%, depends
upon the rate.of attack of the glass structure by
the acid. We have found that the maximum
tensile strength is obtained if the development
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of sodium carbonate soluble silica in the leacned

glass is at a rate within the range of about 1 to
25% (on a volatile free basis) per minute. If
the rate is controlled within these limits, then
we obtain the maximum tensile strength. We
have thus found that at any given rate ¢f attack
8 maximum tensile strength is developed when
the leaching is controlled to give a leached glass
containing soluble silica in the range of 70% to
86% (on a volatile free basis), but the mag-
“nitude of the maximum is greatest if the rate of
attack is within the limits given. We have also
found that the development of abrasion resist-
ance paraliels that of tensile strength. Thus by
controlling the rate of attack to within the said
limits of 15 to 2.56% of sodium carbonate soluble
silica per minute, we obtain the maximum abra-
sion resistance if we control the leaching to pro-
duce a leached glass having soluble silica in the
range of 70% to 87% (on a volatile free basis).

It was thus found that in order to develop a
leached glass structure of maximum tensile
strength and maximum abrasion resistance, it is
desirable to contro]l the conditions of treatment
to obtain a rate of attack to develop sodium
carbonate soluble silica in the leached glass struc-
ture at the rate of about 1% to 2.5% per minute
and to continue the attack to develop a content
of sodium carbonate soluble silica in the glass
structure in the range of about 70% to 87% of
the leached glass.

Why these phenomena should occur we cannot
explain. We merely record the discovery of their
presence and because of these unexpected dis-
coveries we were able to control the leaching of
ahe glass fibers to obtain the optimum strength
and optimum abrasion resistance,

The control of the rate of attack may be readily
obtained by controlling either acid concentration,
where acid is used, or temperature or bhoth, as
will be further described below. These discoveries
will be further elucidated with the following de-
scription of our experiments when taken together
with the charts, in which

Fig. 1 is a plot of the data of our experiments
showing the below defined development and the
rate of development of the soluble SiOg, as here-
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inafter deflned, with time when the fabric is
treated with 7% acid at temperatures of 140°,
160°, and 180° ¥, respectively:

Fig. 2 is a chart similar to Fig. 1 for the treat-
ment with 9% acid at tempreatures of 140°, 160°,
and 180° B,;

Fig. 3 is a chart similar to Figs. 1 and 2 for the
treatment with 129 acid at temperatures of 140°,
160°, and 180° P., respectively;

Fig. 4 is a plot of the effect of the conrentra-
tion of soluble silica upon the tensile strength and
the abrasion index obtained in the treatment
of fabric with 7% acid at 140°, 160°, and 180° P.:

Fig. § is a plot similar to Flg 4 for the experi-
ment with 9% acid at 140°, 160°, and 180° F.:

Fig. 6 is a plot similar to Figs. 4 and 5 for the
effect of the treatment with 12% at 140°, 160°,
and 180° F.;

Fig, 7 is a plot of the rate of development of
soluble silica against the maximum tensile
strength obtainable at such reaction rates:

Fig. 8 is a similar plot showing the effect of
the rate of development of soluble silica with the
maximum abrasion index obtainable at such
various reaction rates:

Fig. 9 is a plan view of the machine for deter-
mining the abrasion index:

Fig. 10 is a section, partly in elevation, on line
2-—2 of Fig. 1;

Fig, 11 is a detail of a bottom elevation of line
3—3 of Fig. 2: and

Fig. 12 is a detail perspective view.

In order to illustrate our discovery the fol-
lowing experimentations which underly our dis-
covery may be taken as illustrative of our inven-
tion and not as a limitation thereof.

Samples of glass fiber cloth showed the follow-
ing characteristics: The thread had an average
diameter ranging from 0.038 to 0.040, and the
number of threads per inch warp 20, fill 18. The
fibers were made up of a multiple of fine fila-
ments, each of the filaments having a dimension
ranging from 195x10-% inches to 260x10—¢ inches.

A number of samples of the cloth, cut contigu-
ously from one piece of cloth, was subjected to
a series of treatments. A group of such samples
was exposed to treatment with 7% acid at 140° F.:
another group was subjected to treatment with
1% acid at 160° F.; and a third group was sub-
jected to treatment with 79 acid at 180° ¥. This
was also repeated with different groups of samples
of the same cloth, cut from the same contiguous
portions of a bolt, with concentrations of 9% acid
at 140° ., at 160° P. and at 180° F. Another
group was treated with 12% acid at 140° F., an-
other group with 12% acid at 160° F'., and another
group with 12% acid at 180° F. The temperature
was controlled to be constant during the treat-
ment and such a large excess of acid was em-
ployed that the change in concentration of the
acid during treatment was insignificant.

Similar conditions of treatment were used for
each group, except for the change in tempera-
ture and concentration. The batches were im-
mersed in a large container containing the acid
and allowed to remain quiescent during treat-
ment. Samples were removed at different times
from the treating solution for analysis in each
experiment. Each sample when removed was
washed with distilled water until it was chloride
free, then dried at 100° F. One-half of each of
the samples were retained for analysis and test
and the other portion was fired at 1600° F. for
one-half hour and subjected to test and analysis.
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The fired semple was subjected to analysis and.

test as indicated below.

The original glass cloth had the following com-
position:

The glass fiber had 2.099% organic matter, belng
the lubricant employed in the weaving. The ma-
terial was burned off and the loss in weight
- (2.099%,) is here reported as lubricant. The res-
idual 97.919% had the following composition on 3
lubricant free basis:

Percent

S102 e o e e e 53.95
BYoO 8 o o 16.14
B 008 e e e D6
a0 o e e e 15.96
MeO e 4.10
B8 o e e e e 8.20
Nz o o e e .88
99.79

The samples were leached as above for various
times, temperature and acid concentrations, us-
ing a bath volume sufficiently large that no ap-
preciable change in acid concentration occurred
during leaching. The samples were all washed
free of chlorides with distilled water.

The unfired samples were analyzed as follows:

The samnles were air dried and then dried for
one hour at 95° C., weighed in a closed dish, and
subjected to the following analysis: |

(1> Per cent loss on ignition—A sample of
leached cloth was accurately weighed in a plati-
num crucible and placed in g mufile at 1600° .
for one-half hour. Loss in weight was due to
water of hydration plus Iubricant on the fibers.

(2) Per cent lubricant.-—An accurately weighed
sample of glass cloth was put in the mufile at 900°
F. until all of the lubricant was burned off. Loss
in weight was Iubricant. The per cent lubricant
was found for one sample and assumed to be the
same for all other samples. Subtracting this per
cent from the per cent loss on ignition gives the
per cent water of hydration. -

(3) Per cent soluble material (hydmted szlzca
plus lubricant) —A sample of leached cloth ac-
curately weighed was dissolved in 100 ml. of hot
4 N Na:C0s3. After solution was complete the res-
idue was filtered off, washed to neutrality with
distilled water, ignited, and weighed. The weight
of residue subtracted from the weight of the ini-
tial sample gave the weight of soluble material,
and the per cent was calculated on the basis of
the weight of initial sample.
~ (4) A portion of the sample, fired for deter-
mination of loss on ignition, was weighed, and
total silica in this weighed sample as determined
as follows:

To the weighed fired sample apploxnnately 2
to 3 mls. of dilute H2S04 plus 20 mls. of HPF were
added and evaporated to dryness. This evapo-
ration was repeated until the residue reached con-
stant weight. The loss divided by the weight of
the fired sample multlphed by 100 is reported as
per cent silica.

(5) The tensile strength was determined as
follows:

A Scott Tester, Model DH (motor driven, pull-
ing rate 10’’/min.), having a capacity of 0-400
pounds and using a 1’/ front jaw ang 3’’ back jaw
was employed. Ten separate strips of the cloth
sample, each 3'’ X 6'’, with the long dimension
along the warp, were run in each determination

10

~on the fired samples.
illustrated in Fig. 9.

'and the average of the ten sa.mples reported as

the tensile strength of the sample. The ends of

the strips were, prior to pulling, sealed with an

adhesive to prevent fraying of the ends. -
The abrasion index was determined as follows
The abrasion machine is_ |

Mounted on base i is a metor 2 0perating a8
crank wheel 3 carrying an eccentric crank pin
3’ and a crank arm 4 connected to a slide § slid-
ably positioned in the guide 6. The slide catries
8 clamp T to which the fabric to be tested is

- clamped. A flexible bracket 9 and 9’ formed of
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wire is mounted on the edge of the base, and
each wire is looped into loops 10, 11, and (2.
Polished rods are loosely mounted in the loops
It and 12 and the fabric 8 to be tested is threaded
underneath 13 and over {4 and descends, held
by a weight 16 connected to the end of the fabric.

A platform in the form of a plate is mounted

underneath the weight 16. The 'platform is
hinged on an arm (8 which is connected to &

switch in the motor circuit. A revolutmn counter
1s connected to the crank wheel 3.

The arm moves back and forth in a 21"’ stroke o
in a horizontal plane at the rate of nine complete

strokes per minute, i. e., the erank wheel rotates
at 9 R.P.M. The angles of contact with the rods
are indicated on the drawing. The rods are
placed approximately 134’’ on center with the
result that each side of the cloth is abraded by
one rod except in the middle for a space of about
72’" where the abrasion is. against both sides. A
100 gram weight is employed. The reciprocation
of the slide draws the fabric over the polished
rods, which rotate as the cloth is drawn over them
under the tension of the Welght The weight

reciprocates above the plate without touching

the plate 19. When the cloth is abraded to reduce
the tensile strength sufficiently so that the cloth

breaks, the weight fells_ and thls opens the switch

and stops the motor. |
All the samples used in the abrasion test were
cut ten threads wide and ten inches long along

the fill of the cloth. The abrasion index is re-
ported as the number of complete cycles, i. e.,

revolutions of the crank at which the weight falls.

| Duphcate samples were run for check.

- Table I gives the following data: |

Column 1, sub-column A gives the per eent ef
acid employed in the treatment.: Sub-column
B gives the temperature at which the treatment
was carried on. Sub-celumn C gives the d,ura-

~.tion of the treatment

- Column 2 gives the per cent less of material
on ignition and includes the lubricant present in

the original fabric and the water hydration, and
column 3 is the difference between the per- cent

of the material soluble in sodium carbonate and
this volatile fraction, and therefore is the per
cent present as soluble silica calculated to a
volatile free basis. This is the quantity referred

to throughout this specification and in the figures
as per cent soluble silica.

Column 4 gives the per cent of the sﬂica present =

in the fired sample, that is, the sample fired at
1600° ¥. in one-half hour, as determined by the
above test procedure. This test procedure does
not differentiate between boron and silica and this
silica may include a small fraction of boron. .

Column 5 is the abrasion index as descnbed_
above, |

Column 6 gives -the tensile strength as deter--
mined by the above identified test procedure.
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Table I
1 2 3 4 8 |
Per-

, Por- Per- Ten-
IJUIChtiii;lg]:ﬂndi ;:Eil;. :gll:lt Eﬂ:’lati A?ru' t snﬂ th

tile - 0t sion |[streng

r ble silica | (fired | (ibs.

a b c ﬁgn silica | (fired) | only) | fired)

Pet. | Deg.

ishr_...| 5 83 37. 80 62. 46 3 26. 7
iY4hr..| 9.12 760, 9 82. 75 16 31.6
(A) . Tt 140 [<2hr____t 9.91 70. 32 84. 64 35 37.7
Jhr___.| 9.57 | 84,60 08.45 180 43. 3
4hr._..1 B.63 | B87.30 ]| 08.84 238 53.8
Ishr._.| 6.43 | 49.59 | 71.95 12 27.1
IMhr | 996 79.88 | 07.23 35 32.3
(BY.| 71160 K2hr._..110.31 | B81.75}| 97.71 g9 36. 4
Shr_.__.} 10.83 | B4.01 | ©8.72 223 45. 4
4dhr____| 0.70 | 8558 | 99.01 208 34.1
tohro..1 6,74 | 47.14t 71.89 6 26, 3
lhr....] 7.87 | 50.18 | 786.58 18 20. 1
(C) . 71 180 [<1lshr_ .1 B8.97 | 81.90} 95 22 13 25, 3
2hr.___| 9.12 84. 76 97. 59 69 28.5
3hr__..1 9.53 83. 41 08. 49 79 31.3
Ishr...} 6.12 38. 98 71.03 5 21,1
JI hro___| 9.80 ) 70.79 | B88.23 12 27.4
(D)_| 0| 140 <1lshr_}| 9.99! 8516 ! 08 .81 162 41.92
2hr....[ 10.19 ! 8546 | 98. 90 200 37.9
dhr..__| 911 | 8.4 | 90.08 138 32.9
lahr._ | 7.97 | 50.4% | 72 52 3 22.9
1 hr....111.1] 81.67 | 95 .87 159 40. 7
(E).} 91160 K1i¢hr..i 9.55| 86.77 | 98.93 157 41. 3
2hr._..] 9.75 | 87.08 ] 99 .05 181 33.7
i3hr_ __{ 878 8853 09.13 185 31. 8
1I5min_{ 6.14 | 45.86 | 70.32 1 25. 9
J!-’é’ hr.__| 8.88 | 72.57 1 91.52 16 27.5
(F) . 01180 (<1 br..__.] 9.59 | 86.52 ] 98.24 119 33. 2
135 hr_ | 9.92 BY. 34 9. 12 08 31.8
2hr._ .| 9.71{ 87. 50| 99.12 86 28. 1
‘15 min.i 4.13 ¢ 28.44 } 52,97 2 23.3
YWhr | 7.41} 54. 4| 70.29 31 28. 8
(Q)_{ 121 140 {1t hr._..].9.77 | 82.96 | 97.27 159 41. 6
1'hr_ | 10.06 | 85.11 ; 9B, 88 249 40. 2
2hr___._| 874 | 87.08 | 98.93 156 35.2
10 min_| 3.80{ 18.65; 50.57 3 21. 8
20 min_! 7.16 | 52,30} 75.16 16 22. 8
(H)_| 12160 Kl4hr___| 8.79 | 68.42 | 87 87 60 34.7
1hr.._._; 8.66 | 85.86 | 98.84 210 36. 3
135 hr_.1 9.61 86, 73 00,12 143 31.1
5min_..] 4.33 | 27.39 | &6.74 1 23.1
I5min_._| 9.23 | 60.74 | B82.48 14 24. 8
(I)..] 121180 {sléhr.__| 9.01 | 84.38; O8. A4 149 33.0
l1hr..__t 11.31 84,77 0. 01 102 28.9
Ilahr_ | 8.44 | 87.90 | 99.11 83 25.7

Referring to Figs. 1, 2, and 3, broken lines A
to I, inclusive, (charts) the values of column 3
against {—-C (Table I) for the experiments using
7% acid at 140° ., 160° F'., and 180° F., respec-
tively (Fig. 1), 9% at 140° F'., 160° F., and 180°
F. (Fig. 2); 12% at 140° F., 160° F., and 180° F.
(Fig. 3), it will be observed that the original
samples had 1% or less of glass soluble in sodium
carbonate, calculated upon a volatile free basis.
The only other material which apparently is solu-
ble is the lubricant portion to the extent of 2.09%.
It will also be observed that the soluble silica is
developed according to ftwo processes. There
are apparently two reactions occurring at differ-
ent rates.

The major process for the development of solu-
ble silica is at a very rapid rate and it is accom-
panied by a slow process which develops soluble
silica at a much lower rate. This is illustrated
by the broken lines formed by two intersecting
lines, one of large slope and one of small slope.
Thus, the slope of lines A-Al is very steep while
the slope of the lines A-1—A~2 is less steep. The
major portion of the soluble silica is developed
along the line A-Af during the first hour. The
process proceeds in the next three hours develop-
ing only a small amount of soluble silica along
line A—-{—A-2. This phenomenon is identical in
the lines B to I, inclusive. Following the usual
chemical kinetic criteria, the net slope of the
process occurring during the first hour, i. e. along
A-Al Is obtained by subtracting the slope of the
line AI—A2 from the slope of the line A-A[{.
Similarly, the net slope is obtained on each of
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the lines B to I, inclusive. This net slope is the
reaction rate of the major or fast reaction of
production of soluble silica expressed as per cent
silica per minute.

On Figs. 4 to 6, inclusive, and curves J to B,
inclusive, is plotted the values of the abrasion
index against the values of the per cent soluble
silica of the samples tested. In other words, these
are plots of values of column 5 against column 3
of Table I for each of the tests reported. In
curves J’ to S’ is plotted the value of the tensile
strength against the values of the per cent solu-
ble silica in the samples tested, i. e., value {n
column 3 against the values in column 6.

It will be observed that in each of the cases,
curves J to S and J’ to S’, the original cloth had
8 tensile strength and abrasion index in excess
of any of that of the extracted cloths. The ten-
sile strength and the abrasion index of the cloth
are largely depreciated by leaching and firing.
Further, it will be observed as the leaching pro-
gressed and as the soluble silica developed to
above about 30%, the tensile strength and abra-
sion index appreciated, coming to a maximum
when the soluble silica was in the range of about
70 to 87%.

Depreciation again sets in and is sharper when
the per cent of soluble silica is 2 to 4% greater
than it is at the value of the soluble silica at the
maximum percentage as the soluble silica falls
to almost 50% of the maximum.

Reference to Table II will indicate that the
maximum for the abrasion index occurs at sub-
stantially the same percentage as the maximum

for the tensile strength, confirming the phe-
nomena with regard to tensile strengths.
Table I1
cﬁ%‘i‘g&% Re. Tensile strength Abrasion index
action
rate
(2) i (b) o)
Cone.,| (b ﬁ?t (a) percent (a) percfnt
per- | Temp., | gioy, | Max. | sol. 8i0s [ Max. 10
cent °F, min’ att. max. att. ity
acid - att. ’;‘;‘t‘-
7 140 1.16 | 48+ 87. 30 2384 | 87.39
7 160 1.50 | 45.4 84. 01 293 84. 01
7 180 1.46 | 31,54 83. 41 794 | 83.41
9 140 1,20 | 41.2 85. 16 20 RS, 46
9 160 1.47 | 41.3 86. 77 181 87.08
9 180 2.48 | 33.2 86. 52 119 86, 52
12 140 1.77 | 41.6 82. 06 240 85.11
12 160 2,23 | 36.3 86. 86 210 86. 86
12 180 3.08 | 33.0 84. 38 149 84, 38
[

Table II gives the value of the maximum ten-
sile strength and the maximum abrasion index
ocbtained at the various rates of attack in the
experiments. In columns lg and 1b is given the
conditions of the experiment in acid concentra-
tion and temperature. Column 2 gives the rates
of reaction (net slope) in per cent of soluble
silica (volatile free basis) per minute. Column
3a gives the maximum recorded tensile strength
and 3b the per cent soluble silica of the sample
(on a volatile free basis) showing the maximum
tensile strength; column 4 gives the maximum
recorded abrasion index, and column 4b the per
cent soluble silica (on a volatile free basis) of
such sample.

It will be observed that the per cent soluble
silica at the maximum is in the range of 82.96%
to 87.08%. The values for the 79%-140° F. ex-

periment and for the 7% -180° F'. were not carried
far enough to show the depreciation, i. e., in these
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tests the per cent soluble silica af the turning
point is in excess of those indicated.

In PFlg, 8 is plotted the values of column 4 as
against 4b, and in Pig. 9 is plotted the values of
column 3¢ against 3b. The dotted portions are
extrapolated. It is apparent that in both of these
figures the highest value of the maximum ten-
sile strength and abrasion index is in the region
between 1.6% per minute and 1.8% per minute
soluble silica and that there is g large apprecia-
tion in the value as the rate rises above about 1%
per minute to reach g maximum in the region of
1.6% to 1.8% per minute and again falls off as
the value of about 2.5% is reached, and in this
range of about 1 to 2.5% per minute will be ob-
tained the highest values of the maximum.

1t appears that there is thus another criteria
for the development of maximum tensile strength
and abrasion index in addition to the limitation
of the development{ of the scluble silica within
the range of 709 to 879%, to wit, that not only
should the per cent soluble silica be controlled
to be within the range of 70% to 87% and prefer-
ably in the range of about 78 to 87%, but there
is g rapid increase in the value of the maximum
tensile strength and abrasion index available as
the rate of reaction increases from about 1 to
2.5% of soluble silica per minute.

It therefore appears that it would be desirable
in extracting fabric made of glass fibers that the
reagction rate be controlled in the region of about
1 to 2.5% of soluile silica per minute and preier-
ably that it be held at the region of 1.6 to 1.8%
of soluble silica per minute, and in this manner
the highest tensile strengths will be developed
and an extracted fabric of the greatest abrasion
resistance also developed.

While the exact values of the optimum range of
per cent soluble silica and reaction range may be
somewhat different for various samples of cloth,
braid, tape, or rope, woven, braided or knitted in
different manners and for leachable glass of dif-
ferent compositions and for different rates of at-
tack, the discoveries herein described are believed
applicable thereto and the methods herein dis-
closed will permit those skilled in the art to repeat
these tests on the fabric under consideration to
select the best rates of attack and to select the
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per cent soluble silica at which the atfack is t0

be stopped {o obtain material of the highest ten-
gile strength and abrasion resistance desired for
the use of the material.

Reference has been had to the use of HCI acid
as an example of the leaching scolutions. As
reference to the above prior art will indicate, the
glass may also be leached, depending on its com-
position, with water and, if acid leachable, with
other acids whose salts of the glass-forming ox~
ides, other than SiQ2 present, are soluble or dis-
persable and therefore removable. Such other
acids as heretofore referred to include HNO3, ace-
tic acid, trichloracetic acid, all of which will be
comprehended within the term “acid.” However,
because of its utility and ease of handling and the
solubility of its salts, the acid employed in the
above experiments, i. e., hydrochlonc acid, is the
preferred acid to use.

While we have described s particular embodi-
ment of our invention for the purpose of illus-
tration, it should be understood that various
modifications and adaptations thereof may be
made within the spirit of the invention as set
forth in the appended claims.

We claim:
1. A process for leaching glass fibers, which
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comprises leaching glass fibers with an acid solu-
tion at a leaching temperature to remove the non-
siliceous metal oxides from the glass fibers and

to convert vitreous silica into sodium carbonate

soluble silica, continuing the leaching until the
content of sodium carbonate soluble silica in the
leached fibers, when calculated on a volatile free
basis, is in excess of 30% and less than 899%, in-
terrupting the leaching of said ﬁbers and wash-
ing said leached fibers.

2. A process for leaching glass fibers, which
comprises leaching glass fibers with an acid solu-
tion at a leaching temperature to remove the
non-siliceous metal oxides from the glass fibers,
and to convert vitreous silica into sodium car-
bonate soluble silica, continuing the leaching
until the content of sodium carbonate soluble
silica in the leached fibers, when calculated on
a volatile free basis, is in the range between 70%
and 88%, interrupting said leaching of sald ﬁbers
and washing said leached fibers.

3. A process for leaching glass fibers, which
comprises leaching glass fibers with an acid solu-
tion at a leaching temperature to remove the
non-siliceous metal oxides from the glass fibers
and to convert vitreous silica into sodium car-
bonate soluble silica, continuing the leaching
until the content of sodium carbonate ‘soluble
silica in the leached fibers, when calculated on
a volatile free basis, is in excess of 82% and less
than 88%, interrupting said leaching of said
fibers, and washing said leached fibers.

4. A process for leaching glass fibers, which
comprises leaching glass fibers with an acid solu-
tion at a leaching temperature to remove the
non-siliceous metal oxides from the glass fibers
and to convert vitreous silica into sodium car-
bonate soluble silica, continuing the leaching
until the confent of sodium carbonate soluble
silica. in the leached fibers, when calculated on

a volatile free basis, is in excess of 30% and less

than 89%, interrupting said leaching, washing
sald leached fibers to remove the acid, and ﬁrmg |
sald fibers to dehydrate said fibers. -

5. A process for leaching glass fibers, which
comprises leaching glass fibers with an acid solu-
tion at a leaching temperature to remove the
non-siliceous metal oxides from the glass ﬁbers
and to convert vitreous silica into sodium car-
bonate soluble silica, continuing the leaching
until the content of sodium carbonate soluble
silica in the leached fibers, when calculated on a
volatile free basis, is in excess of T0% and less
than 88%, interrupting said leaching, washing
sald fibers to remove the acid, and firing said
fibers to dehydrate said fibers.

6. A process for leaching glass fibers, which
comprises leaching glass fibers with an acid solit-
tion at a leaching temperature to remove the
non-siliceous metal oxides from the glass fibers
and to convert vitreous. silica into sodium car-
bonate soluble silica, continuing the leaching
until the content of sodium carbonate soluble
silica in the leached fibers, when calculated on a
volatile free basis, is in excess of 82% and less
than 88%, interrupting said leaching, washing
sald fibers to remove the acid, and firing said
fibers to dehydrate said fibers. -'

1. A process for leaching glass fibers, which
comprises leaching glass fibers with an acid soly-
tion to remove the non-siliceous metal oxides by
said leaching from said glass fibers and to con-
vert vitreous silica into sodium carbonate soluble

silica at a rate of from about 1 to 2. 5% per min-
ute, calculated on a volatile free basis, continy-
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ing the leaching until the content of the soluble
silica, on & volatile free basis, is in excess of 30%
and less than 89%, interrupting said leaching of
said fibers, and washing said leached fibers.

8. A process for leaching glass fibers, which
comprises leaching glass fibers with an acid solu-
tion to move the non-siliceous metal oxides hy
sald leaching from sald glass fibers and to convert
vitreous silica into sodium carbonate soluble sili-
ca at a rate of from 1 to 2.5% per minute, calcu-
lated on a volatile free basis, continuing the
leaching unti] the content of the soluble silica on
8 volatile free basis is in excess of 70% and less
than 889, interrupting said leaching, and wash-
ing said leached fibers.

9. A process for leaching glass fibers, which
comprises leaching glass fibers with an acid solu-
tion to remove the non-siliceous metal oxides by
sald leaching from said glass fibers and to con-
vert vitreous silica into sodium carbonate soluble
silica at & rate of from 1 to 2.5% per minute on a
volatile free basis, continuing the leaching until
the content of the soluble silica on a volatile free
basis Is in excess of 82% and less than 88%, in-
terrupting said leaching, and washing said
leached fibers. |

10. A process for leaching glass fibers, which
comprises leaching glass fibers with an acid so-
lution to remove the non-siliceous metal oxides
by said leaching from said glass fibers and to
convert vitreous silica into sodium carbonate
soluble silica at g rate of from about 1 to 2.5%
per minute, on a volatile free basis, continuing
the leaching until the content of the soluble
silica on a volatile free basis is in excess of 30%
and less than 899%, interrupting said leaching,
washing said leached flbers, and flring said fibers
to dehydrate said fibers.

11. A process for leaching glass fibers, which
comprises leaching glass filbers with an acid so-
lution to remove the non-siliceous metal oxides
by said leaching from said glass fibers and to
convert vitreous silica into sodium carbonate
soluble silicg at a rate of from about 1 to 2.5%
per minute, on g volatile free basis, continuing
the leaching until the content of the soluble
silica on & volatile free basis is in excess of 70%
and less than 88%, interrupting said leaching,
washing said leached flbers, and firing said fibers
to dehydrate said fibers.

12. A process for leaching glass fibers, which
'comprises leaching glass fibers with an acid solu-
tion to remove the non-slliceous metal oxides by
said leaching from said glass fibers and to con-
vert vitreous silica into sodium carbonate soluble
silica at g rate of from 1 to 2.5% per minute, on
a volatile free basis, continuing the leaching
until the content of the soluble silica on a vola-
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tile free basis is in excess of 82% and leas than
889% ., interrupting said leaching, washing sald
leached fibers, and firing said fibers to dehydrate
said fibers.

13. A process for leaching glass fibers, which
comprises leaching glass fibers with an acid solu-
tion to remove the non-siliceous metal oxides by
said leaching from sald glass fibers and to con-
vert vitreous silica into sodium carbonate soluble
silicg at a rate of 1.6 to 1.8% per minute, on a
volatile free hasis, continuing the leaching until
the content of the soluble silica on a volatile free
basis is in excess of 30% and less than 89%, in-
terrupting said leaching, washing said leached
fibers and firing said fibers to dehydrate said
flbers.

14. A process for leaching glass fibers, which
comprises leaching glass fibers with an acld solu-
tjon to remove the non-siliceous metal oxides by
said leaching from said glass fibers and to con-
vert vitreous silica into sodium carbonate soluble
silica at & rate of from 1.6 to 1.8% per minute,
on & volatile free basis, continuing the leaching
until the content of the soluble silica on a vola-
tile free basis is in excess of 70% and less than
88%, interrupting said leaching, washing sald
leached fibers, and firing said fibers to dehydrate
said fibers.

15. A process for leaching glass fibers, which
comprises leaching glass fibers with an acid so-
lution to remove the non-siliceous metal oxides
by said leaching from said glass fibers and to
convert vitreous silica into sodium carbonate
soluble silica at a rate of from 1.6 to 1.8% per
minute, on & volatile free basis, continuing the
leaching until the content of the soluble silica
on a volatile free hasis is in excess of 82% and
less than 88%. interrupting said leaching, wash-
ing said leached flbers, and firing said fibers to
dehydrate said fibers.
| LEON PARKER,
BONNIE JEAN ZACK,
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