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RESILIENT FELTED FIBROUS WEB 
This application is a continuation-in-part of applica 

tion Ser. No. 119,702, ?led Mar. 1, 1971 now aban 
doned. 
Felted ?brous webs of many kinds are known and are 

used for a variety of purposes, including upholstery 
padding, mattress padding and ?lling, package cushion 
ing, other cushioning and padding applications, and 
thermal insulation. 
Such webs, particularly in upholstery and mattress 

applications have been found advantageous because of 
theirability to prevent spring feel from being transmit 
ted to the surface. This is an advantage over materials 
which have little compressive resistance and as such 
tend to “bottom out” thus permitting the feel of the un 
derlying structure to pass through to the surface. These 
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other materials, notably foams such as polyurethane, ' 
do exhibit, however, excellent resiliency which is not 
characteristic in any marked degree in most felted ? 
brous webs. 
Accordingly, it is one object of this invention to im 

prove the resiliency of felted ?brous webs. 
Still another object of the invention is to provide such 

enhanced resiliency without detrimentally affecting the 
compressive resiliency of such webs which has been 
one 'of their better properties. 
These and other advantages will be evident to those 

skilled in the art from the following description and 
drawing in which: 
The single FIGURE shows one type of apparatus for 

producing felted ?brous webs. . 
Methods of enhancing the resiliency of felted ?brous 

webs have been known. In recent years one of the more 
signi?cant discoveries in this regard has been the treat 
ing of cotton ?bers and ?rst-cut cotton linters with cel 
lulose reactive cross-linking reagents. Such a treatment 
is disclosed in U.S. Pat. No. 3,181,225 issued to N. B. 
Knoepsler et al. 
While the process of enhancing resiliency by treat 

ment with such cellulose reactive cross-linking reagents 
works quite well, it involves the use of relatively expen 
sive reagents and resins. 
Applicant has discovered that small quantities of rel 

atively inexpensive resins such as the water soluble rel 
atively low molecular weight phenolic resins which are, 
not cellulose reactive cross-linking reagents may be 
used to enhance the resiliency of the web. It has been 
found that the speci?ed phenolic resins penetrate or 
are absorbed into the ?bers and as a result the web will 
have enhanced resiliency when the resin is cured and 
set upon application of heat without any apparent det 
riment to the compressive resiliency of the web. ' 
Phenol formaldehyde resins which are water soluble, 

fusible and capable of being converted to the thermoset 
stage upon application of heat have been used as bind 
ers in felted ?brous webs for many years. As is known, 
these resins are produced by condensing phenol and 
formaldehyde in the presence of an alkaline catalyst. 
When excess formaldehyde is used, the resin can be 
cured and set with heat to the thermoset stage. As used 
herein, the term ‘phenol’ is intended to include phenol, 
cresol, resorcinol and mixtures thereof which are con 
ventionally condensed in alkaline medium with an ex 
cess of formaldehyde to form a heat curable phenolic 
resin. It is also known that in the course of the conden 
sation reaction. phenol alcohols and methylol phenols 
such as the mono, di and tri methylol phenols are 
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2 
formed and that upon further condensation the resini? 
cation proceeds in three stages from the A stage, re 
soles to the B stage resistols and ?nally to the C stage 
resites which are insoluble and infusible. As the resini? 
cation proceeds the molecular weight of the resin in 
creases and water solubility decreases. The molecular 
weight of the resin or its water solubility under stated 
conditions are generally used for identifying the point 
to which the condensation is to proceed within a stage 
for the desired resin characteristics for the particular 
application at hand. 
The phenol formaldehyde resins which have hereto 

fore been used as a binder for felted ?brous webs are 
condensed to the stage where the molecularweight is 
so high that the resinous material will not remain in so 
lution at in?nite dilution with water at ordinary room 
temperatures and neutral pH of about 6.5 to 7.5. At 
this relatively advanced stage of condensation the resin 
forms a thin ?lm, coating or size onthe surface of the 
individual ?bers. It is necessary to form a resin ?lm that 
remains on the surface of the individual ?bers so that 
when the resin is cured it will bond the ?bers together 
at the surface (cross over points and form the structure 
of the web. Resiliency of the web structure formed with 
the phenol formaldehyde binder may be improved by 
incorporating other additives such as latex into the web 
structure. I . 

In accordance with the present invention it has been 
discovered that it is possible to enhance the resiliency 
of these felted fibrous webs by utilizing a phenol form 
aldehyde resin that will penetrate or be absorbed from 
the surface into the interior of the ?ber. It has now 
been found that resole phenol formaldehyde resins 
which remain in solution on in?nite dilution with water 
at ordinary room temperatures and neutral pH of about 
6.5 to 7.5 will have such a' relatively low molecular 
weight that the resin will be absorbed into the ?ber and 
with hollow ?bers even accumulate within the hollow . 
space inside the ?bers. The speci?ed water soluble phe 
nolic resin is not a cellulose reactive crosslinking rea 
gent and it was, therefore, quite unexpected to ?nd that 
it was capable of enhancing the resiliency of the web. 
When the resin is cured and set, it apparently stiffens 
the individual ?bers in such a way that the resiliency of 
the web structure is enhanced without detriment to the 
compressive resiliency of the web structure. 
Any of the known ?bers used in the manufacture of 

felted ?brous webs capable of absorbing aqueous liq 
uids such as the cellulosic wood and cotton ?bers may 
be employed in accordance with the present invention 
to produce a web in conventional manner having a den 
sity of not over about 6 pounds per cubic foot and pref 
erably from about 1.5 to 3.0 pounds per cubic foot. 
This provides a relatively open network structure suit 
able for use in cushioning and padding applications as 
distinguished from the so called ‘hardboard’ products 
in which the webis compacted to a density of about 15 
to 60 pounds per cubic foot or more to produce a rigid 
product with the strength required for use as structural 
elements in furniture or as wall partitions, etc. 
Best results are achieved in carrying out the present 

invention when 100 percent of the resole remains in so 
lution at in?nite dilution with water and neutral pH but 
the solution may contain some higher molecular weight 
resole‘ resin which will not remain in solution at in?nite 
water dilution and neutral pH as long as the major pro 
portion of the resinous material remains in solution at 
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in?nite water dilution and neutral pHsln general, the 
resole phenol formaldehyde resin used in accordance 
with the present invention will have a relatively low 
molecular weight of about 125 to not over about 3,000. , 

4 
able which are much less expensive than the speci?ed 
water soluble resole resins. In general, the amount of 
the speci?ed water soluble resole resin used for en 
hancing resiliency of the web will not be over about 3.0 

The lower molecular weight resol resins of up to about 5 parts of resin solids by weight for each 100 parts by 
1,000 may be used with particular advantage. One re- weightof ?ber and preferably the amount of resin is 
sole resin that gives particularly good results in accor- less than that required to bond the ?bers into the web 
dance with the present invention is sold by the Catalin structure. In the examples below the water soluble re-l 
Division of Ashland Oil Company under the trademark sole resin of the present invention is identified as a‘ 
AROFENE 183. I ' 10 ‘penetrating resin" which was cured and set within the 

Various methods and apparatus are known'for pro- ‘ ?bers by the conventional application of heat. 
ducing ?brous webs, including conventional gamett de- In each of the following examples the products made 
vices, and various apparatus for producing felted webs were tested for four product characteristics, as follows: 
from air suspensions of ?bers. One such device for pro- The Compressive resistance after one cycle was de 
ducing webs or blankets from air suspensions of ?bers 15 termined by stacking 6 X 6 inch samples to a height of 
is disclosed in US. Pat. No. 3,010,161 issuedto T. C. about 3 inches and then accurately measuring the 
Duvall. Said US. Pat. No. 3,010,161 discloses an appa-I height Of the stack. The stack was then compressed be 
ratus similar to that shown in the drawing. Such appa'ra- tween two ?at metal plates of 6 X 6 inches or larger at 
tus includes a chamber 50 positioned over a eontinu- a rate of 2 inches per minute to one-third of its original 
ously moving conveyor 52. At one end of the chamber 20 measured height. The amount of pressure to compress 
50'there is provided aduct 54, connected toadisperser the stack was measured in pounds and Converted to 
mechanism 56 of the hammermill type. The disperser Pounds Per Square foot 
56 provides an air suspension of ?bers in the duct 54. The resiliency after one cycle is expressed in per cent 
Adjacent the outlet 58 of the duct 54 are spray nozzles and was determined l3y immediately removing the load 
66 which serve to spray liquid particles of binder and 25 from the Stack after it had been compressed to one‘ 
other materials into the stream 64 to provide binder on third its height (in determining the compressive rests‘ 
the ?bers as they felt upon the screen 52 fomling the tahee after one Cycle) and Permitting the reeol’et'y of 
mat 70. The 'conveyer then conveys the mar 70 under the stack for 45 seconds. After that time, the height of 
suitable compression rolls 72 and into a dryer mecha- the Stack was again measured and the resiheh'ey after 
nism 74, ' . . 30 one cycle was determined in per cent by dividing the 

As indicated above, conventional gamett mecha_ recovered height by the original free height and multi 
nisms may be utilized to felt the web and may be pro- plying by 100- _ 
vided with Suitable Spray nozzles for applying the The compressive resistance after 20 cycles was deter 
binder as indicated in the above-mentioned US. Pat. mihed by repeating the compression and release eye1e 
No. 3,181,225. It is, however, generally dif?cult to han- 35 20 times and measuring the Pressure in Pounds re 
dle the short ?bers of raw or chemically pulped wood qtthee Oh the 20th eyete to cempt'ess the Staetf to one‘ 
on such gamett machines in any large quantity. Other thud Its englhal measured helght and eohvel'tlhg Sueh 
conventional apparatus used in the production of non- Pressure 1h. Pounds to P°uh_dS Per Square foot 
woven‘ textiles may also be used. Many of these such as The resthehey expressed 1" Per cent after 20 cycles 
the gamett produce webs that have the ?ber so me- 40 Yves detenhlhed by removing the lead from the eteek 
chanically interlocked that no binder is necessary. In lmmedlately after the 20th Compression and. permitting 
others, it is necessary to apply an added binder. the Stack to recoveh tor 45 seeohde- :Agath, the helght 
By any of the methods and apparatus referred to was measured and divided by the original free height of 

above, suitable felted ?brous webs with added applied the Steel,‘ and multtPhed by 100' _ _ 
binder (if desired or required) may be produced’ which 45 In all instances the samples are ?rst conditioned _to 
are then subsequently dried if necessary and heated to equlhbnum m 2‘ constfntt temperature constant humld' 
activate and set the binder in conventional manner. It my room to 50% humldlty and 70 F‘ _ _ 
is preferred, however, to use the apparatus shown in , Set forth below m Table {are thedetalls of compost‘ 
the drawing and described above. The felt produced by no“ and the properties achleved wlth respect to prod‘ 
this method and apparatus requires additional applied 50 nets of Examples 1 through 6; Examples 1 through 6 
binders supplied through the spray nozzles 66, as above were‘ Produced on apparatus hke that disclosed above 
indicated. All of the following examples were produced and Shown 1“ FIG‘ 1' The ?bers “Seq m Examples_ 1 
on such apparatus_ through 6 were all No. l sul?te pulpantroduced with 

In accordance with the present invention, the water the elsperser meehe'hlem 56.‘ The bmde.‘ was lhtre‘ 
soluble resole resin is absorbed into the ?bers to en- 55 dueed as an aqueous dlsperslon or emulslon (or a Sol 
hance the resiliency of ‘the web. The resole is not used for thestereh) b3.’ means of the Spreyhezzles 66' The 
to bond the ?bers together in the structure of the web quehhhes .ehewh m the tables fehthe biheer and for the 
unless used in such excessive quantities as to form a pehehhhhg reslhhf the preseht lhyehheh a’? parts by 
?lm coating on the ?ber surface after the individual ?- Weight of the SF’hdS of the respeehye lhgreelehts.‘ The 
bers are saturated with the resinous solution. Such ex- 60 pehetrhhhg. teem (yvheh used) “(as ‘heel-howled m the 
cessive quantities may be used but this is just a waste giheer hq‘he alhe égeeeueee with the blheer through 
since'there are a number of conventional binders avail- e Spray hezz es ' 

TABLE I 

" '3 PARTS BY WEIGHT 
Example 1 2 3 4 5 6 

Sul?te Fibers 93 93 90 90 90 90 
Penetrating Resin (1) 1,75 0 2.5 0 2.5 0 
Binder 

Corn Starch 7 7 0 0 0 0 
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vj TABLEU't-“cdqriiiiied : v 

, ‘ PARTs'iaY‘ w‘mcm . 
Example 1 " '2 "3' ' " 4 5'7" ' ' 

Latex A (2) 0 ' 0' ' 1o'_ 1 i0 ,0‘, 
LatexB (3) --0 ' 0 0?- - 0 10 

Properties 8 .. Ly 1,, 4 _ i y 

comp. resis. l cyc. (PSF) 1180 1120i’, __ v840 , H560 380,, _ . 
comp. resis. 20 cyc. (PSF) 880 ‘ "824’ " I636’2 “ ‘392 300' ' 

resrliency I cyc. (%) 81.8 ' 78.8. *--88.6- n 83.3 92.4 resiliency 20 cyc. (%) 75.8’ 68,2 .: 73.3 . ,84_.,8.'. 

(1) A water- soluble phenolic‘ resin sold under me trademark ‘A'R'OFENE I'83'by Catalindc‘orpdatl 

(‘2) A styrene-butadiene 
Rubber Company. 

latex:v emulsion solil underl'fthe traw 
(3)v A vinyl-acrylic self cross-linking latexgemuision sold under trademaIkBI-LSYN 287317)’ National' 
Starch and Chemical Corporation; - 

Pk GEN P15615028 by Gerard "rare ‘and: h 

It will be .noted ExampIIeST-TZ, 6:.are, ef 
fect, the control samples-without the’ penetratingjesin - 
for ~‘ the .rsamplesuiof Examples '‘ l‘,- "3 and '5 respectively 
WhiChtdO contain ,a penetrating resin. It will be :seen 
that in each instance the resiliency for both 1 cycleland 9 
for~=20 cycles-was improved when the penetrating resin 
was'vutilized; rExample " 1., for example, vwas improved; in 
resiliency (2O cycles.).over:Example 2 fromla value of 
68.2% to‘ a ' value of 75.8% ,by. use .Q?the penetrating _ 
resin. _ .~ . 

Other‘?bers have been used. Setforth below. in Table 
II are Examples 7 through 10 which show the use of the 
penetrating resin ontcot-ton ?bers. Examples 7 through 
10 wererun in ,thesamemanner as Examples 1 through 
6 on _-the same equipment and utilizing the same pene 
trating resinv and latex.~b__inders. _. Only the ?ber éwas 
Changed-.‘The ?ber usedrwas secondycut'cottonhlinters. 

TABLE n é 

' ' ' ' *"‘~ " ‘PARTS BY WEIGHTJR I‘ 

Example 8 

"25 

~ > '- \"TABIJEIII 1' ‘ " ' I [artiste weiciirfrl 

Example, ' Til, )' l2' l3 ‘ "i4 

Wo‘odFiber?‘ ..~ -» 63v .63.- was 1-163 
2° Qumran-J. . 2.7. . .121. 27 

Penetrating Resin " ' 2.5' 0 

"resiliency 20 cyc.(%) ' " A‘ ‘- 80:0 ' ' “77-.4 

Examples 12 and‘I4‘ are sthe'cont'rols‘ without the’peii 
"'30 etr‘ating' resin ‘for ‘Examples ‘,II and’ 13 respectively 

7 9 1 ~10 

Cotton Fibers 90' " 90 ' 40 
Penetrating Resin- ‘' " ’ 2L5 " '0 

Bindery-1 > --~f~‘. r ',», ;' I j, ‘- -‘ 

Latex A 10 O 
Latex B 0 510 

Properties ' 

comp. resis. l cyc.(PSF) 306 220 I04 I40 
comp. resis. 20 cyc.(PSF) 256 I64 80 I16 45 
resiliency I cyc.(‘7¢) 85.3 80.6 84.8 81.3 
resiliency 20 cyc.(‘7¢) 70.6 67.7 72.7 67.2 

Again, Examples 8 and 10 are the control without the 
penetrating resin for Examples 7 and 9 respectively 
which do contain the penetrating resin. It will be ob 
served that Examples 7 and 9, containing the penetrat 
ing resin, show improvement both at the 1 cycle and at 
20 cycles in resiliency over Examples 8 and 10, their 
respective controls. 

The ?bers may also be mixed. Set forth below in 
Table III are Examples ll through l4.which corre 

"so 

spond respectively to above Examples 7 through 10;,_ 
however, in Examples 1 1 through 14 both wood ?bers 
and cotton ?bers were used. The wood ?bers were 
again No. l sul?te pulp and the cotton ?bers were 
again second-cut cotton linters. The same latex binders 
and penetrating resins were used. The ?bers were ?rst‘ 
mixed in suitable apparatus, not shown, and then intro 
duced through the disperser mechanism 56, the process 
being the same as for the previous examples. 

65 

which do containjthe penetrating resinr'Agairi, for both 
'v 1:. cycle and cycles ‘the ‘resiliency 'improyedby 
theluse'of the penetrating resin.“v ' i ' ' 

It is not'neces's'ary that the ‘penetratinglresin'"sup 
plied with the 'bindera's'in; the" above exa'nipl_es.__v The 
?ber‘ maybe ?rst were!‘ with the Périétfating resin Ia?d 

’ then {formedinto theiblanlie't. Inthe following Table IV 
‘the ?ber of Example I5, vwas i?rsti'treatediwith an aque 
_,.ous solution ofthe penetratingresin andtthendriedand 
soured. The treatment accvomplishedvby anyone 
vpt‘ a number of. means including vincorporating the peri 
etrati'ng resin in the pulp?during.rpanutiacturejpriort to 
drying .ofgthe pulp or, spraying. the, penetrating ‘resin 
upon the loose ?ber in any convenient way and then 
drying and curing the same. In Table IV below the ? 
bers in Example 15 were pre-treated with the penetrat 
ing resin and then dried. These pre-treated ?bers were 
then introduced by means of the dispersed mechanism 
56 into the chamber 50 and the binder was applied by 
the spray nozzle 66 as in the previous examples. The 
mat was then pressed with the rollers 72 and dried in 
the oven 74. 

TABLE IV 

PARTS BY WEIGHT 
Example l5 I6 

Sul?te Fibers - 90 90 
Penetrating Resin 2.5 0 

Binder 
Latex C (I ) I0 10 

Properties 
comp. resis. ‘I cyc. (PSF) 640 I080 
comp. resis. 20 cyc. (PSF) 480 782 
resiliency I cyc. (%) 89.l 75.0 
resiliency 20 cyc. (7:) 78.1 66.4 
thickness (inches) 0.829 0.560 
Density (PCF) L8 2.3 
Weight/MSF (pounds) I24 I08 

(I) A self cross-linking latex emulsion sold under the designation 75-5675 by 
Paisley Products. Inc. 
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It will be seen that again both for 1 cycle and for 20 

cycles the resiliency of Example 15 containing the pen 
etrating resin surpasses that of Example 16 without the 
penetrating resin. it was also discovered that by using 
a pre-treated ?ber (that is treated before being formed 
into the blanket) the loftiness of the blanket is en 
hanced as shown above by comparison of the thickness 
of Examples l5 and 16. When passing through‘the rol 
lers 72 all samples were pressed to stop in an effort to 
achieve approximately one-half inch in thickness in the 
?nal dried product. It was found that with'the pre 
treated ?ber the blankets tended to be softer or less 
dense and loftier. While this tended somewhat to ‘be the 
case even when the penetrating resin was introduced‘ 
with the binder, the increased loftiness and softness was 
much more pronounced when the ?bers were ?rst 
treated with the penetrating resin and then formed into 
‘the blanket with the binder. 

Many varieties of ?bersmay be used. It is only neces 
sary that they be water absorptive. Such ?bers include 
particularly the natural and synthetic cellulose ?bers 
such as wood ?bers (whether kraft, sul?te, raw or oth 
erwise), cotton ?bers or linters, bagasse, jute, rayon 
(Both vicose and acetate), and the like. 
Any suitable conventional bindermay be used, rec 

ognizing that binders can themselves affect the blanket 
properties. ln'addition to the binders used above vari 
'ous starches, latices, thermoset resins, and the like are 
known as binders forsuch blankets. 
While the Examples above all used a binder, this is in 

large part due to’ the; deposition vchamber method-of 
felting'the web, In garnett and other such machines 
added binder is often not necessary. Webs produced by 
such devices without vuse of a binder may also be 
treated ‘with a penetratingresi'nas ‘above disclosed to 
enhance resiliency. The most convenient way to ac 
complish'this is to spray the resin on the web laps as 
they are being lapped into greater'thicknesses of web 
or-blanket'andthen curing the resin. ' 
‘It has been found that quite' small'quantities of the 

penetrating resin ‘provide ' thev enhanced resiliency and 
thatfgenerally the- greater the quantity of penetrating 
resiii "used -‘per pound of'?ber the greater the improve 
mentin resiliency achieved. However, once the prod 

8 
uct is upgraded to the point where the resiliency (1 cy 
cle) is about 90-95% then further increase in the resin 
is substantially ineffective. 

It will be understood that the claims are intended to 
cover all changes and modi?cations of the preferred 
embodiment of the invention herein chosen for the pur 
pose of illustration which do not constitute departure 
from the‘ spirit and scope of the invention. 
What is claimed is: ' 

1. A web of felted water absorbent natural cellulosic 
Y ?bers having a density not over about six pounds per 

_ cubic foot having enhanced resiliency imparted by ab 
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sorption in the individual ?bers of a resinous material 
comprising a resole phenol formaldehyde in which the 
major proportion of resinous material at the time of ab 
sorption is a resole phenol formaldehyde which is water 
soluble at in?nite dilution in water and neutral pH, said 
resole phenol formaldehyde resin being'cured and set 
in the individual ?bers to enhance the resilience of the 
web. . a . 

2. The web speci?ed in claim 1 which includes a 
binder which bonds the ?bers together at the surface 
'cross over points in the web structure. ' 

3. The web speci?ed in claim 2 in which the binder 
is a starch. 

4. The web speci?ed in claim 2 in which the binder 
is-a latex.‘ I ' 

5. A web of felted water absorbent natural cellulosic 
?bers having enhanced resiliency imparted by absorp 

' tion in the individual ?bers of a water soluble resinous 
material comprising a resole phenol formaldehyde 
resin in which the major proportion of resinous mate 
rial at the time of absorption is a resole phenol formal 
dehyde which is water soluble at in?nite dilution and 
neutral pH and having a molecular weight not over 
about 3,000 said resole phenol formaldehyde resin 
being cured and set to enhance the resiliency of the 
web. . 

6. The web speci?ed in claim 5 which includes a 
binder on the surface of the ?ber which bonds the fi 
bers at the surface cross over points in the web struc 
ture. 

* * * * * 


