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HEAT-RESESTANT BLACK FTBERS AND 
FAERTQS DERIVED FROM RAYUN 

Edward M. Peters, Grant Township, Washington County, 
Minn, assignor to Minnesota Mining and Manufactur 
ing Company, tit. Paul, Minn, a corporation of 
Delaware 

Filed Jan. 21, 1965, Ser. No. 426,789 
19 (Ilaims. (Cl. 8-1162) 

This application is a continuation-in-part of my co 
pending application S.N. 22,129, ?led April 14, 1960 
(now abandoned). 

This invention relates to new and useful man-made 
organic ?bers, and fabrics thereof, which have good ?exi 
bility and tensile strength and that are per se black, inert, 
thermally stable, ?ame-resistant and resistant to intense 
heat. They have good thermal and electrical insulating 
properties. 

These novel ?brous materials are produced by a ther 
mo chemical transformation of corresponding rayon (re~ 
generated cellulose) fabrics and ?bers, which retain ?ber 
identity but are changed to a ?exible black state having a 
different chemical composition and radically different 
chemical and physical properties. In this process the 
rayon precursor, impregnated with a nitrogenous salt, is 
heated for a short time to a ?nal temperature of at least 
450° F., as more fully disclosed hereafter. 
A woven rayon cloth when thus transformed to this 

black state, has substantially the same pliancy as the 
original rayon cloth and a yarn tensile strength (breaking 
strength) at least 20% as great; and may have up to about 
40% or more of the original tensile strength. It has sub 
stantially the same physical structure and appearance ex 
cept for its lustrous jet black color. The fabric has good 
abrasion resistance and it does not blacken the ?ngers 
when stroked. 
The original polymeric cellulose molecules of the rayon 

?bers are not only changed by pyrolysis but by accom 
panying chemical compounding reaction whereby from 
about 3% up to about 6% by weight of nitrogen atoms 
(apparently carbon-bonded) become chemically combined 
in the stable polymeric oxygen-containing carbon-com 
pound molecules of the black product ?bers. This in 
sulative ?ber product is non-carbonized, is not charred, is 
free from elemental carbon, and it is non-tarry. The 
carbon content as determined by analysis is in the range 
of about 50 to 65%. The thermochemical transforma 
tion is rapid, requiring not over about 30 minutes at oven 
temperatures which are in the ‘range of about 450 to 900° 
F.; and a total oven exposure of about 10 minutes or less 
can be employed under suitable conditions. Thus the 
process of manufacture is quite different from those that 
have been employed in producing partially-carbonized 
?bers, and carbon ?bers, by lengthy heating of cellulose 
?bers at gradually increased temperatures. (The present 
product can be carbonized without loss of ?ber identity 
to make electrically conductive ?ber material of 70 to 
99+% carbon content as described in a later section, 
but the intervening present description relates solely to 
the preparation and properties of the aforesaid insulative 
type of black ?ber material containing up to 65% 
carbon.) 
The accompanying drawing graphically illustrates a 

typical transformation and shows the surprising changes 
in fabric strength during the oven heating; the salt-im 
pregnated fabric at ?rst losing nearly all of its strength, 
and then regaining enough strength to provide a usefully 
?exible and strong black fabric product. The fabric 
treatment in this case is similar to that described here 
after in the illustrative “example.” 
A water-soluble nitrogenous salt reactant is employed 
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but no product material, other than the transformed ?bers 
per se, is responsible for the aforesaid properties of the 
present product. The product retains its essential prop 
erties even though subjected to prolonged or repeated boil 
ing in water (which leaches out any soluble residues pres 
ent), and even though subjected to hot concentrated sul 
furic acid. Chemical analysis shows that these after 
treatments of the ‘black fabrics and ?bers may result in 
some increase in the weight percentage of nitrogen, but 
do not decrease this percentage, demonstrating that the 
nitrogen is strongly chemically combined in the ?ber 
molecules and that the presence of extraneous substances 
is not responsible for the characteristic features. 

Examination of thin cross-sectional slices of the black 
?ber under the microscope, with transmission illumina 
tion by White light, shows a substantially uniform amber 
color over the entire section; making clear that the en 
tire ?ber is substantially homogenous and has been trans 
formed. The slice is translucent and no carbon or other 
particles are observed. The lustrous jet black opaque 
appearance of the fabrics and ?bers is due to substantially 
complete absorption of all visible wave lengths of incident 
light by ?bers which are smooth-surfaced and which are 
translucent in the sense just mentioned (permitting in 
cident light to penetrate and be absorbed in the body 
of the ?ber). 

This invention provides woven and nonwoven fabrics, 
yarns, staple ?bers, and continuous ?laments, of useful 
strength and ?exibility, which are ?ame-resistant and are 
resistant to high temperatures, and which are good elec 
trical and heat insulators. They do not become fragile 
upon prolonged or repeated exposure to temperatures as 
high as 600° F ., and even higher, and can tolerate short 
exposures to temperatures higher than 1000° F. without 
becoming fragile. A blowtorch ?ame does not cause 
combustion even when applied until the fabric has ?nally 
disintegrated and vaporized. 
A dramatic demonstration of uniqueness was provided 

by fastening a piece of the black woven cloth (prepared 
as in the subsequent “example”) in a hoop-shaped frame 
so as to provide an unsupported cup. A half-pound of 
molten steel (temperature of about 2700° F.) was poured 
into this cloth cup and allowed to cool to room tempera 
ture. The cloth did not burn or disintegrate and retained 
sui?cient strength and ?exibility to support the cast chunk 
of steel at all stages. Another demonstration was to ?ll 
such a black cloth cup with a pound of lead pieces and 
heat the bottom with a Bunsen burner ?ame (which con 
tacted the cloth) so as to melt the lead and then further 
heat the molten pool of lead at 800° F. for half an hour. 
In these demonstrations the cloth was not tightly woven; 
nevertheless, there was no leakage of the molten metal, 
showing that it did not wet the ?bers. 
The extreme inertness of this novel material is further 

indicated by the fact that no solvent for it has yet been 
found. Rayon ?bers will completely solvate and dissolve 
in an acid solution of calcium thiocyanate, but the con 
verted black ?bers are not affected. Moreover, rayon 
?bers are completely digested by 60% H2804 at room 
temperature, whereas the converted black ?bers are not 
affected even at steam bath temperature, and in fact are 
resistant to attack by 70% H2504 at steam bath tempera 
ture for periods in excess of 24 hours. The present black 
?bers are only moderately attacked by 20% NaOH solu 
tion after 24 hours on a steam bath; although the washed 
and dried ?bers are found to have become embrittled and 
to have lost much of their strength. Surprisingly, the 
original ?exibility of these caustic treated ?bers can be 
revived by washing with dilute sulfuric acid solution. 
These unique properties suggest various practical uses. 

For instance: Heat-resistant insulative articles of wear 
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ing apparel, aprons and gloves for metallurgical and foun 
dry workers and for ?re ?ghters. Fire barrier drapes. 
Also, ?re-resistant insulating sleeves and wrapping tapes 
for electrical conductors and cables and for piping and 
conduits. Also, ?re-resistant ?brous insulating batts. Fi 
bers in ?ock form can be used for providing heat-resistant 
?ocked coatings. Fabrics, yarns and continuous ?laments 
can be used to advantage in ?ber~reinforced plastics sub 
ject to high temperatures; including “ablation” types, and 
types which should not include any metal or metal atoms, 
or leave an ash residue upon decomposition and vaporiza 
tion. Also as backings or reinforcing ?bers in high~tem~ 
perature types of insulating tapes and adhesive tapes, in 
cluding pressure-sensitive adhesive tapes. Also, inert acid 
resistant ?lter cloths for ?ltering very hot gases, liquids 
and even molten metals. The present yarns have better 
heat resistance than industrial asbestos yarns; and the 
fabrics have better thermal insulating properties than 
asbestos fabrics. 
The following described process is employed in making 

the insulative black ?ber products of this invention from 
rayon textile ?ber starting materials, which can be in the 
form of cloth (woven, knitted or felted); nonwoven 
?brous batts, felts, fabrics or tissues formed of staple 
?bers; yarns, roving, continuous ?lament tows, etc., whose 
structural identity can be retained throughout the process. 
(The term “rayon,” as here used, is employed in the mod 
ern sense as designating man-made regenerated-cellulose 
?laments and the textile ?bers, yarns and fabrics made 
therefrom. Such ?laments and ?bers may range in size 
from about 5 to about 30 microns in diameter. The term 
does not include cellulose acetate ?bers and fabrics; but 
it does include high tenacity regenerated cellulose ?bers 
made by saponifying (hydrolyzing) oriented cellulose 
acetate ?bers, as illustrated by “Fortisan” cellulose ?bers, 
yarns and fabrics.) An important economic feature is 
that these rayon ?bers and fabrics are readily and inex 
pensively available from the textile industry, and that the 
process is relatively simple, rapid and economical and 
needs no unusual or elaborate equipment. Thus the 
woven cloth products can be manufactured directly and 
inexpensively from woven rayon cloths of the same phys 
ical structure. Cotton and other natural cellulosic ?ber 
materials are not equivalent and cannot be employed. 
The rayon starting material in continuous web, yarn, 

roving or tow form can be processed in continuous fash 
ion from start to ?nish, which is preferable in factory 
production although batch procedures can be used when 
making up small lots or in experimenting. 

The basic steps are: 
(l) The ?brous rayon starting material (preferably 

in continuous web, yarn, roving or tow form) is scoured 
to remove sizings and other contaminants if present; 
suitable procedures being well known in the textile in 
dustry. For instance, starch sizings on warp yarns can 
be removed by washing with soap or detergent solution, 
or by enzymatic action; and oil lubricants with a volatile 
solvent such as mineral spirits. A ?nal scouring to re 
move residual contaminants may be desirable, such as 
with ammonia water (e.g., 28% ammonium hydroxide 
solution) or with 4% sodium hypochlorite solution. The 
scoured fabric may be dried at about 125° F. The scour 
ing step may obviously be omitted when the rayon yarn 
or other rayon starting material is in a sufficiently clean 
state as received from the supplier. The clean dry rayon 
starting material is impregnated throughout with an 
aqueous solution of a nonoxidant water-soluble salt of a 
strong acid and nitrogenous base, such that the saturated 
?brous material, after squeezing to a damp state to re 
move excess liquid and to ensure that all ?bers are treated, 
contains the salt in a sufficient proportion to render the 
?bers, even when dried, non?ammable and able to under 
go the subsequent thermochemical transformation to pro 
vide product ?bers containing at least 3% by weight 
of combined nitrogen. A salt solution concentration of 
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4 
about 10 to 30% gives best results. Ammonium sulfate, 
ammonium sulfamate, dibasic ammonium phosphate, am 
monium chloride, and methyl and ethyl amine salts of 
phosphoric acids, and various mixtures thereof, are 
presently preferred salts. These nitrogenous phosphate 
salts result in at least 0.5 % by weight of carbon-bonded 
phosphorus atoms, as well as carbon-bonded nitrogen 
atoms, being incorporated in the polymeric molecules 
of the product ?bers. Boric acid (or equivalent boron 
compound) may also be included so as to result in prod 
uct ?bers that include at least 0.5% by weight of carbon 
bonded boron atoms which enhance ?ber stability at high 
temperatures. A pickup of salt (dry basis by weight) of 
about 10 to 30% appears to give best results. Immersion 
for about 5 minutes in a near boiling salt solution is pref 
erably employed to facilitate impregnation of the ?bers, 
excess solution then being removed to give about a 100% 
wet pickup of salt solution. 

(2) The damp salt-treated ?brous material is then 
heated until dry, preferably at about 140 to 250° F. 
The dry rayon ?bers are thus impregnated (and not mere 
ly coated) with the salt owing to the permeability of the 
?ber structure to such aqueous salt solutions. If this 
treatment has caused bundling and sticking together of 
?bers, further processing will be improved by ?exing, 
rubbing, tumbling the salt-impregnated material to loosen 
and free the individual ?bers so they will be fully exposed 
to the atmosphere during heating. 

(3) The dry salt-impregnated rayon ?bers are next 
heated in an oven at an elevated temperature and for a 
time which is short but is sufficient to bring about the 
desired transformation of the ?bers to the previously de 
scribed strong and ?exible nitrogen-containing black 
state. Air is not excluded. On the contrary, heating in 
the presence of air (or equivalent oxygen-containing at 
mosphere) is essential to the production of the presently 
desired product ?bers. Convenient use can be made of a 
vertical tower-type of air-circulating oven for continuous 
manufacture. The preferred general temperature range 
is about 450 to 600° F. when a plain air atmosphere is 
employed. If the temperature is too high for the existing 
conditions and period of exposure, an uncontrollable 
exothermic reaction develops and the ?bers or fabric will 
glow red and yield a brittle product. The optimum tem 
perature-time combination can be determined by trial 
and-error under any given set of manufacturing con 
ditions. The air ?ow should be regulated to avoid a 
destructive exothermic reaction (“exotherm”); a decrease 
in the rate at which air enters the oven resulting in a 
lower concentration of oxygen in contact with the hot 
?bers due to the diluting action of decomposition vapors 
emitted from the ?bers. Optimum temperatures when a 
circulating air oven is employed are usually in the range 
of about 500 to 550° F., and corresponding optimum 
times in the inverse range of about 30 to 5 minutes. The 
most desirable heating period is one that is long enough 
to develop the maximum tensile strength, beyond which 
point the tensile strength starts to diminish. The treat 
ment of light rayon fabrics appears to be optimized at a 
combination of about 550° F. and ?ve minutes. In the 
case of heavy close-woven cloths (such as one weighing 
about 20 oz. per square yard), it has been found desirable 
to conduct the heat treatment in successive stages at in 
creasing temperatures to avoid a too-rapid temperature 
rise in the interior of the fabric (resulting from the exo 
thermic nature of the reaction and the poor heat con 
ductivity of the ?bers), as by heating for successive ten 
minute periods at approximately 475° F., 500° F. and 
525° P. All of these temperatures refer to the tempera 
ture of the air in proximity to the ?brous material, which 
enters the oven at a much lower temperature and builds 
up in temperature in response both to the external heat 
ing and to the internal heating produced by the exother 
mic chemical reaction in the ?bers. 

Higher oven temperatures (up to about 900° F.) and‘ 
correspondingly shorter heating periods (down, to one, 
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minute or even less) can be utilized by introducing into 
the oven an atmosphere of lower oxygen content than 
plain air (which contains 23% oxygen by weight). This 
provides a further expedient for effectively regulating con 
ditions so as to avoid an uncontrolled or excessive (“run 
away”) exothermic reaction. Thus use can be made of 
air diluted with steam, nitrogen or ammonia so as to have 
an oxygen content which is substantially less than 23% 
and which may be as low as about 5% by weight. Or 
use can be made of an equivalent arti?cial atmosphere 
comprised of a mixture of oxygen with steam or am 
monia, a preferred example being a mixture of 93% am 
monia and 7% oxygen (by volume). Air diluted with 
nitrogen or ammonia to an oxygen content of approxi 
mately 5 to 10% by Weight is a preferred example for 
use at oven temperatures of about 700° F. or somewhat 
higher and exposure periods of about two minutes, and 
conversion can be followed by cooling in air to room 
temperature. It is also possible to use an equivalent two 
stage oven process in which the salt-impregnated ?brous 
rayon material is converted to a black nitrogen-containing 
state in an oxygen-free atmosphere (e.g., a steam, nitrogen 
or ammonia atmosphere), at a temperature which may be 
as high as about 900° F., and is then further heated in air 
or other oxygen-containing atmosphere to complete the 
conversion to the desired ?nal state (apparently by free 
ing the ?bers of an easily-oxidizable decomposition prod 
uct); resulting in lustrous black ?bers free from by-prod 
uct contaminants. It is also possible to employ a very 
short conversion period of less than one minute at tem 
perature as high as the order of 900° F. when conditions 
are adjusted so that the hot ?bers only contact an atmos 
phere of low oxygen content, and the converted material 
is then immediately exposed to a non-oxidizing atmos 
phere to prevent harmful oxidation action. 

During the ?rst part of this thermochemical operation, 
the nitrogenous-salt-impregnated ?bers become degraded 
to a Weak though self-supporting state, apparently by the 
decomposition and ring-cleavage that the cellulose mole 
cules are undergoing; resulting in the liberation of water 
and other gases. As the reaction progresses beyond this 
point, the ?bers regain strength and flexibility until a 
maximum is achieved at a tensile strength which may be 
as high as 40% or more of that of the original rayon 
?bers. (This time-temperature conversion effect is illus 
trated in the graph of the drawing.) During this strength 
regaining stage, the decomposed molecules are reform 
ing into a new type of polymeric ?ber molecule, contain 
ing up to about 6% by weight of combined carbon-bonded 
nitrogen atoms. Analysis of intermediate samples indi 
cates that inclusion of carbon-bonded nitrogen atoms in 
the ?ber molecules is coincident with increase of ?ber 
strength after passing the minimum strength point. The 
maximum weight loss is reached after the point of mini 
mum strength has been reached. When the peak strength 
point has been reached there will have been a loss of ap 
proximately three molecules of water per cellulose unit 
and a negligible loss of carbon. Shrinkage of a woven 
cioth may be about 10%. Continued heating beyond 
this point causes evolution of both water and carbon di 
oxide. 

(4) The black insulative nitrogen-containing ?brous 
product, after cooling, may be washed to remove soluble 
materials that are present (and which might adversel‘ 
affect desired properties of the product for particular 
usages). This washed and dried end product, prepared 
under substantially optimum conditions, has a weight 
which is approximately two-thirds that of the correspond 
ing original rayon ?bers (dry basis). It is hygroscopic 
as illustrated by the fact that it can absorb up to about 
20% of its weight of water when exposed to an atmos 
phere of 100% relative humidity at 72° F. Fabrics and 
?bers which have been conditioned by exposure to a hu 
mid atmosphere are more flexible and stronger than those 
that are extremely dry. 
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6 
These insulative products (washed or not) are suitable 

for sale and for many uses without further thermal or 
chemical treatment. They have good strength and ?ex 
ibility, the tensile strength being at least 20% (and pref 
erably at least about 40%) that of the original rayon 
starting material. The corresponding tenacity-retention 
percentages are higher since tenacity values in grams per 
denier involve the fiber weight per unit length, and the 
black ?bers weigh less than the original rayon ?bers from 
which they are made. Tenacity values of ?bers and 
yarns of 0.4 gram per denier and higher, and even above 
1.0 gram per denier, can be obtained. Woven products 
having a tensile strength of at least 20 lbs. per inch width 
can be made. Products of highest strength are made from 
?brous saponi?ed oriented cellulose acetate (“Fortisan”) 
starting materials. 

Elemental analyses for carbon, hydrogen and nitrogen, 
of various washed and dried sample products prepared 
under various conditions in the temperature range of 450 
to 600° F., and using various nitrogenous salts, have 
shown the presence of these elements in approximately 
the following ranges (percentage by weight) : 

Percent 
Carbon _______________________________ __ 54 to 61 

Hydrogen ____________________________ __ 3.4 to 4.0 

Nitrogen _____________________________ __ 3.1 to 5.8 

Phosphorus, sulfur, chlorine, and boron were also found 
by analysis of these products when made using phos 
phate, sulfate or chloride salts, or boric acid, respective 
ly; in small proportions ranging up to as high as about 
2.5%. The balance in each case was oxygen (in the 
range of about 30 to 35%). In comparison, pure cellu 
lose (dry basis) has a composition of 44.4% carbon, 
6.2% hydrogen and 49.4% oxygen. The washed and 
dried end products commonly weigh 60 to 67% as much 
as the rayon starting material from which made. These 
facts demonstrate the radical chemical transformation 
undergone by the cellulose molecules; and also the con 
tinued “organic” nature of the ?bers. X~ray diffraction 
studies of this black ?ber product show that the original 
crystalline structure of the rayon cellulose ?bers is lost. 

Returning to the nitrogenous salt used for impregnat 
ing the ?brous rayon starting material, a number of ex 
amples were previously mentioned in describing stage (1) 
of the process. All nonoxidant ammonium and amine 
salts of strong acids render the ?bers sufficiently non 
flammable and appear to be effective ‘in producing the 
described thermo-chemical transformation, provided that 
they are at least least moderately water-soluble so that 
aqueous treating solutions of at least 10% salt concen 
tration can be made up. The term “water~sol-uble” is 
used herein in this sense. Examples of these strong acids 
are sulfmaic. sulfuric, phosphoric, hydrochloric, tri 
chlororacetic and tri?uoroacetic acids. Examples of the 
amines are the mono-, di—, and trimethyl and ethyl amines; 
hydrazine, aniline, morpholine, pyridine, and ethylene 
diamine. A variety of salt combinations of each of these 
acids and amines have been successfully tested as treat~ 
ing salts so as to demonstrate the general point, although 
obviously they are not equal in respect to economic and 
practical considerations. Ammonium nitrate, ammonium 
persulfate and amonium perchlorate are examples of 
salts which are recognized and used as oxidants, and 
which are inoperable in the present process because of 
the strong oxidizing action on the hot carbonaceous ?bers 
that promotes combustion or a strong exothermic reac 
tion which prevents formation of the desired flexible 
product ?bers. Suitable and preferred ammonium salts 
have previously been listed. 
The nitrogenous phosphate salts are noteworthy be 

cause the high degree of ?ameproo?ng and ?reproo?ng 
they impart. This is important in preventing combus 
tion or glowing during the manufacture of the black 
product at the higher temperatures which are preferably 
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employed in order to permit of a short thermochemical 
treatment period. It also prevents the ?nished product 
from glowing o-r after-glowing when subjected to in 
tense heat or to a ?ame as may sometimes otherwise hap 
pen. The bene?cial effect of using a phosphate salt is 
retained even though the black product has ibeen thorough~ 
ly washed. The nitrogenous sulfate and sulfamate salts 
also provide good glow resist-ance. It has already been 
noted that in such cases a small amount of phosphorous 
or sulfur (or both if both types of salt are used) is found 
upon elemental analysis of the washed and dried pro 
duct. The inclusion of boric acid (or equivalent boron 
compound) in the salt composition to provide 0.5 to 2.5% 
boron content in the product also inhibits combustion 
and glowing, and results in carbon-bonded boron atoms 
becoming incorporated in the product ?bers, which en 
hance stability at high temperatures. An alternative Way 
of imparting high after-glow resistance is by impregnating 
the black product with a phosphate salt solution (for in 
stance, a 10% aqueous solution of dibasic ammonium 
phosphate) and then drying; although this does not pro 
vide a product that is free of water-soluble material. 
However, for some usages this is unimportant. 

EXAMPLE 

A mixture of nitrogenous salts, including a phosphate 
salt, and also including boric ‘acid, can be used quite 
satisfactorily; as illustrated by the following 20% con 
centration treating solution that has proved very effec 
tive: 

Part by weight 
Ammonium sulfamate _______________________ __ 10 

Dibasic amonium phosphate __________________ -e 4 
Dicyandi-amide ______________________________ __ 2 

Boric acid _________________________________ __ 4 

Water _____________________________________ __ 80 

A woven rayon cloth which was treated with this salt 
solution, dried, and subjected to heating for 5 minutes 
at 550° F., in the manner previously described, yielded 
an excellent black cloth having the following elemental 
analyses before and after Washing: 

Element (percent by weight) Before After 
Washing Washing 

Carbon".-. _. 51. 4 50. 0 
Hydrogen" _ 3. 9 3. 8 
Nitrogen _ 5.37 5. 52 
Sulfur _________ _ _ _ 3. 5 2. 6 

Phosphorous. _ _ 2. 07 0. 3 
oron __________________ __ ___ 0.8 0. 8 

Oxygen (by difference) __________________ __ 33.0 30. 9 

The dried salt-treated cloth weighed 120% as much as 
the untreated rayon starting cloth; the converted black 
cloth weighed 68% as much; and after thorough wash 
ring in distilled water, and drying, it weighed 60% as 
much. (Percentages by weigh on dry basis.) Despite 
the transformation, involving a 40% loss of weight, the 
yarns of the ultimate black cloth product had a tensile 
strength about 40% as great as that of the yarns of the 
original rayon cloth; and this cloth had a good drape 
and hand (handle), a resilient snap, and good tear re 
sistance. 
As previously noted, the graph of the accompanying 

drawing illustrates a typical strength-time curve for this 
transformation. A comparison of the tenacity strengths 
and thermal stabilities of insulative organic black yarns 
made by the present process with those of industrial as< 
bestos yarns, is of interest. These abestos yarns con 
tained 20% by weight of cotton ?bers, which had been 
included to provide an asbestos yarn of adequate co 
herency and strength for general industrial usage (such 
asbestos yarns being sold in the USA. as “Underwriters 
Grade”). The black yarn of the present invention had 
an initial tenacity value of 0.94 gram per denier which 
was reduced to 0.46 upon ?ve hours baking in an oven 
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8 
at 500° F. The asbestos yarn had an initial tenacity 
value of 0.31 which was reduced to 0.10 upon similar 
baking for ?ve hours at 500° F. Thus the black yarn 
after this baking had a higher tenacity than the unbaked 
asbestos yarn. In another comparison wherein samples 
were heated for 17 hours at 400° F., the tenacity value 
for the black yarn was reduced to 0.36 whereas the value 
for the abestos yarn was reduced to 0.16. These ?gures 
illustrate the surprising strength and thermal stability of 
the black ‘organic ?bers and yarns of this invention. 

In another test sample pieces of a typical black woven 
fabric weighing 8 ounces per yard were exposed for dif 
ferent periods at different temperatures in an air atmos 
phere in a muffle furnace. The samples retained at least 
half their weight when heated for four hours at 600° 
F., 45 minutes at 800° F., or 30 minutes at 1000° F.; 
and retained about one-half the original warp-direction 
breaking strength when heated for four hours at 600° 
F. or two hours at 800° F. A piece exposed for four 
hours at 800° F. shrank down to less than one-fourth 
the original area with an 85% loss of weight, but re 
tained ?ber identity and was still self-sustaining with a 
warp-direction breaking strength of 2 lbs. per inch width. 
None of these samples became electrically conductive, 
thus showing that they do not become “carbonized” when 
heated in air. 

Electrical arc-proo?ng tape 

A valuable industrial use of the type of black insula 
tive woven fabric described above is as a substitute for 
asbestos fabric in electrical arc~proo?ng and ?reproo?ng 
tape constructions where the fabric carries a heavy coat 
ing on one side of a ?ame retardant elastomer (such as 
polychloroprene or a plasticized polyvinyl chloride). 

r This tape is wrapped upon high voltage power cables in 
manholes, cable trays, switchboxes and substations, etc. 

Electrical systems usually contain multiple power 
cables in a given area. The superior electric arc resist 
ance and ?reproo?ng of the present tape enables the blast 
and heat effects of a failing power cable to be better 
contained with less risk of other cables failing. For 
example, an arc can be contained until the automatic 
cut-off equipment (delay relay and circuit breaker) has 
functioned such that neighboring lead cable sheathes sur 
vive, unmelted and unharmed, contrary to what happens 
when cable sheath failure occurs prior to power cut-off. 
Thus a 200 ampere arc can be contained for at least 40 
seconds. The tape as a whole is ?reproof (self-extin 
guishing) and the woven fabric cannot melt, which is 
not true of glass and asbestos fabrics. During continued 
exposure to an arc the coating ablates and the fabric 
carbonizes and gradually erodes away. A lead cable 
sheath protected in this Way can withstand a burning 
transformer oil flame without melting for much longer 
than when an asbestos tape wrap is used (lead melts at 
about 625° F. whereas such ?ame may subject the tape 
to a temperature of 1500° F. or higher). This tape is 
not affected by water, sewage or ultraviolet light and 
has excellent acid and chemical resistance. 
The presently preferred tape construction is made as 

brie?y described below: 
The starting fabric comprises spun viscose-rayon yarns 

in a plain close weave having 22 warp yarns and 24 ?ll 
yarns per inch, a caliper thickness of 26 to 30 mils, and 
a weight of 12 ounces per square yard. The tensile 
breaking strengths in the warp and ?ll directions are 135 
and 140 lbs. per inch width, respectively, and the corre 
sponding average elongations are 17% and 28%, re 
spectively. This cloth is impregnated with the treating 
solution whose formulation is given above in the “ex 
ample” so as to have a salt-mixture pickup of 14 to 
17% by weight (dry basis). 
The dry salt-impregnated cloth is continuously heat 

converted by passing through a vertical, direct, gas-?red 
tower with circulating air fan where it is subjected to 
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an air temperature in the range of 450 to 525 ° F. during 
a residence time of 12 to 15 minutes. The temperature 
and the air circulation are closely controlled to bring 
about strength-regain without a destructive exotherm, 
was previously discussed, thereby obtaining a strong, 
?exible, resilient, black woven cloth having a carbon 
content of 54 to 56% and also containing nitrogen, phos~ 
phorous and boron as well as oxygen and hydrogen; 
which cloth has tensile strengths in the warp and ?ll 
directions of at least about 45 lbs. and 26 lbs. per inch 
width, respectively. 

This black cloth (without washing or other intermedi 
ate processing) is subsequently reverse-roll coated on 
one side with a polyvinyl chloride plastisol, having a 
viscosity in the range of 140,000 to 170,000 cps., in a 
coating weight of 40 to 45 ounces per square yard, fol 
lowed by passing through a horizontal oven having a 
temperature of about 350° F. with residence time of 
4 to 5 minutes. This plastisol is a dispersion of poly 
vinyl chloride in a suitable liquid plasticizer composition. 
Heating the coating causes the plasticizer to dissolve in 
the polyvinyl chloride which fuses to result, upon cooling, 
in a uniform nontacky elastomeric layer, covering and 
anchored in the ?brous cloth structure on one side. The 
coated fabric is then slit and wound into rolls of desired 
width and length for sale (e.g., 1%" or 3" width and 
20 ft. length). 

This arc-proo?ng tape product has a weight of about 
56 ounces per square yard, a thickness of 50 to 65 mils, 
warp and ?ll thread counts of 26 and 25 per inch, re 
spectively, and tensile strengths in the warp and ?ll 
directions of 45 lbs. and 20 lbs. per inch width, respec 
tively. 
The tape is normally wrapped upon the cable sheath 

in either a half-overlapped spiral manner or in a two 
layer butt-wrapped manner, the PVC coating facing either 
inwardly or outwardly. It can easily be held in place 
by spiral wrapping or banding, as with a glass-cloth type 
of pressure-sensitive electrical adhesive tape. 

In a test which strikingly demonstrated superior utility, 
a horizontal length of 3 inch diameter lead cable sheath 
was wrapped with this tape in the half-overlapped spiral 
manner. An electric arc of 370 amperes and 44 volts 
was generated below the wrapped cable and was directed 
against it by means of a stream of nitrogen. The are 
flame temperature was of the order of 18,000° F. Yet 
after a 22 second exposure the wrapped lead sheath was 
unmelted and unharmed. In a comparison test Where 
the cable sheath was given a conventional asbestos tape 
wrap, after only 6 seconds the asbestos had melted and 
a sizeable hole developed which extended completely 
through both the asbestos and the lead sheath. 

In another comparison, wrapped lead cable sheaths 
were exposed to the flame from a can of burning trans 
former oil placed therebelow. The estimated tempera 
ture was in the range of 1,500 to 1,800° F. The present 
tape allowed no melting of the lead for 17 minutes. A 
conventional asbestos tape wrap permitted severe melt 
ing in 15 minutes. 

Conductive carbonized ?ber products 

An important use of the aforesaid black nitrogen 
containing organic nonconductive ?ber materials of this 
invention (which contain about 50 to 65% carbon) is in 
making partially carbonized to highly carbonized elec 
trically conductive ?ber materials in which ?ber identity 
is retained and ?ber tenacities of at least 0.3 gram per 
denier can be obtained with adequate ?exibility. Woven 
fabrics, knitted fabrics, braided fabrics, nonwoven fabrics, 
yarns, rovings, and continuous ?lament tows can all be 
converted by continuous procedures without loss of ?ber 
identity. The ?bers are smooth, lustrous and black. 

This conversion can be effected by rapid heating (not 
over 30 minutes being needed and less than 5 minutes 
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being usual) in a nonoxidizing environment at a tem 
perature in the range of about 500 to 2600° C. (about 
950 to 4700’ F.) or higher. The higher the ?nal peak 
temperature the higher the carbon content and the higher 
the electrical conductivity. That various nonoxidizing 
environmental atmospheres can be employed since they 
need not have a particular chemical composition, has 
been shown by experiments using steam, nitrogen, hydro 
gen, molten metals or a vacuum. The use of nitrogen is 
preferred for practical and economic reasons. The func 
tional atmosphere in contact with the hot ?bers will 
include nonoxidizing vapors emitted from the nitrogen 
containing ?bers during the pyrolytic conversion. The 
volatile products are largely evolved during the ?rst 10 
seconds and consist mainly of water, carbon dioxide, 
carbon monoxide, hydrogen cyanide, and decomposition 
products of the salts. Carbonization can also be effected 
by envelopment in a nonoxidizing ?ame. 
These carbonized ?bers contain carbon in proportions 

ranging from about 70% to higher than 99% (i.e., to 
99+%), and range ‘in electrical conductivity from semi 
conductors to good conductors (the ?ber resistivities 
ranging in order of magnitude from 10—4 to 1010 ohm-cm.) . 
Strong ?exible woven fabrics having thicknesses ranging 
from 15 to 25 mils ‘and dry weights ranging from 3.1 
to 6.6 oz. per. sq. yard, wit-h carbon percentages ranging 
from 71 to 90%, were found to have ?ber resist'ivities 
ranging from 1010 to 0.1 ohm-cm. (the voltage/current 
ratio being measured by using the well-known four 
probe method). These fabrics showed moisture regain 
percentages ranging from 8 to 35% (by weight) when 
dried and then exposed at 72° F. to air of 50% relative 
humidity; the regain being still greater at higher humidi 
ties. Woven carbon fabrics, carbonized to a ?nal tem 
perature of 1400” C. (2550“ F.) or higher, can be formed 
with carbon contents of 95% or higher and correspond 
ingly lower resistivities. These have moisture regain 
values of iless than 12%. Highly ?exible and stretchable 
knitted carbon fabrics can be made. Depending upon 
the treatment, the temperature coefficient of resistivity 
may be positive or negative. In general, the higher the 
carbon content the smaller the temperature coefficient. 

Fibers and fabrics containing from about 70% up to 
90% carbon may be referred to as “paritally carbonized,” 
and those containing above 90% carbon may be referred 
to as “carbon” ?bers and fabrics. All such ?bers and 
fabrics may be designated as conductive carbonaceous 
?bers or fabrics. 
These ?bers are predominately amorphous and even 

those of highest carbon content (99+% carbon) are 
not “graphitized” carbon, and are not “graphite” carbon 
?bers per se, although some degree of polycrystalline 
graphitic type structure may be present as shown by X-ray 
diffraction patterns. 

These carbonized ?bers and fabrics, owing to the 
nature of the novel black nitrogen-containing organic 
?brous material that is subjected to the carbonizing process 
and to the retention of combined nitrogen in the carbon 
structure, and also owing to the rapidity of the process, 
are signi?cantly different than those reported by other 
workers which are made by heating of cotton or other 
cellulose ?ber material up to high temperatures requiring 
carefully controlled heating in the absence of air at 
all stages or requiring a gradual elevation of temperature 
over a period of several hours or more. (Thus see 
US. Patent No. 3,011,981 issued Dec. 5, 1961, and 
British spec. No. 965,622 published Aug. 6, 1964.) 
Carbonized cellulose ?bers and fabrics have been “graphi 
tized” to ‘a highly graphitic carbon state by prolonged 
heating in an oxygen-free atmosphere up to a ?nal tem 
perature which has to be of the order of 2700° C. or 
higher, preferably at least 3000° C. (Thus see US. 
Patent No. 3,107,152 issued Oct. 15, 1963, and the 
article by Schmidt and Jones in Chemical Engineering 
Progress, issue of Oct. 1962, at pp. 42-50.) 
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A description has previously been given herein of 
a demonstration in which molten steel (temperature of 
about 2700’ F.) was poured into a cup formed of a 
black insulative woven cloth made by the process of this 
invention, and was allowed to cool to room temperature, 
the cloth retaining strength and ?exibility. The cloth 
in proximity to the molten steel was thus rapidly heated 
to a temperature which could be nearly as high as the 
steel temperature, while out of contact with the air and 
in contact with a nonoxidizing fluid medium. The molten 
steel was a nonoxidizing ?uid and decomposition vapors 
generated by the suddenly pyrolyzed ?bers would flush 
out air in contact with contiguous ?bers. Inspection and 
analysis of fabrics treated in this way showed that a 
?brous layer is thus carbonized to a conductive state 
in proximity to the steel; this layer comprising ?exible 
black ?ber with carbon contents ranging from approxi 
mately 70% to 80% and higher (depending upon the 
relative temperature to which subjected) and electrical 
resistivities correspondingly ranging from about 1010 to 
about 10-2 ohm-‘cm. 

It is this unique phenomenon involving rapid carboniza 
tion of the precursor heat-resistant ‘black nitrogen-con 
taining organic ?bers, which is utilized in making the 
carbonized conductive ?bers, with which this section of 
the speci?cation is concerned. 

Continuous factory or laboratory production of uniform 
material can be achieved by passing the earlier-described 
nonconductive type of nitrogen-containing black fabric, 
yarn, roving or tow through a horizontal furnace having 
electrical radiant heating elements located above and 
below the moving material, the latter efficiently absorbing 
the radiant energy because of its blackness. Air is 
flushed out by introduction of a nonoxidizing gas such as 
nitrogen. During operation ‘of the process, pyrolysis 
results in nonoxidizing vapors being emitted from the hot 
?bers and providing a nonoxidizing furnace atmosphere. 
This can be augmented by addition of nitrogen if neces 
sary or desirable to maintain a nonoxidizing environment. 
When a ?nal peak temperature of about 800° C. (about 

l500° F.)or higher is used, successive heating in two 
or more furnace zones may be ‘preferred, each zone being 
provided by a successive furnace section equipped to 
provide a higher temperature level. Conveniently, each 
furnace section can be about two feet in length when 
feed rates of 1 to 10 feet per minute are used. Nitrogen 
or other monoxidizing gas is introduced, and the exhaust 
is regulated, such as to maintain a nonoxidizing atmos~ 
phere in each furnace section. Thus a four zone furnace 
with maximum temperature of 1400° C. can be provided 
by means of successive zones operated at 600°, 800°, 
l000° and 1400° C.; with exposure in each zone being 
from about 10 to 120 seconds depending upon the rate of 
travel of the ?brous material. A minimum of tension 
should be used. Nonwoven staple ?ber fabrics or batts 
which are weak can be transported on a carrier web. 
This furnace can easily be operated as a one, two or three 
zone furnace when desired. Temperatures are measured 
with thermocouples located close to the travelling ?brous 
material or by an optical pyrometer. The longer furnace 
exposures (at the slower travel rates) give a lower weight 
yield but the ?brous material is stronger and more ?ex 
ible. Products of highest strength result when the ?nal 
temperature exceeds 1000° C. (1800° F.) and the carbon 
content exceeds 80%. These show a moisture regain of 
less than 20% by weight when a dry sample is exposed to 
ambient air of 50% relative humidity. The electrical 
resistivity of dry ?bers of above 80% carbon content is 
less than 0.5 ohm-cm. 
The carbon content and speci?c properties of any 

given carbonized product depend not only on the ?nal 
furnace temperature, and exposure timing, but on the 
nature and composition of the particular nonconductive 
black organic precursor ?brous starting material that is 
converted. When the original rayon ?bers are of the 
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“Fort-isan” type, the ultimate carbonized fibers are 
stronger than when ordinary high tenacity viscose rayon 
?bers are used, ?ber and yarn tenacities of 1.5 grams/ 
denier and higher being obtainable. Black precursor ? 
bers containing 0.5 to 2.5% by weight of combined boron 
(presumably carbon-bonded boron atoms diffused through 
the carbon structure) are more resistant to carbonizing 
temperatures and the product ?bers have a lower carbon 
content for any given ?nal furnace temperature than do 
those which do not contain boron. 
A black cloth (not washed) prepared in the manner 

previously described in the “example,” wherein the rayon 
?bers were impregnated with the speci?ed salt mixture 
which included boric acid, was carbonized to a ?nal tem 
perature of 1400° C. (2550° F.). The carbon cloth 
product was strong and ?exible and had a ?ber resistivity 
of about 5 X 10-3 ohm-cm. A complete elemental analy 
sis gave the following composition: 

Weight percent 
Carbon ___________________________________ __ 90.8 

Nitrogen _________________________________ __ 1.8 

Boron ___________________________________ __ 1.5 

Hydrogen _________________________________ __ 0.8 

Phosphorous ______________________________ __ 0.9 

Sodium __________________________________ __ 0.2 

Sulfur ____________________________________ .. 0.1 

Oxygen (by diff.) __________________________ __ 3.9 

A sample of such carbon cloth was tested by exposure at 
2000“ F. in air for one minute. There was no material 
loss of strength in the warp direction and the dimensions 
decreased by only 4% although there was a weight loss 
of 30%. 
The highest attained carbon content was 98% even 

when using a ?nal furnace temperature of 2450° C. 
(4440° F.), and ?bers of this type contained approximate 
ly 0.3% nitrogen, 1.5% boron and a trace of phosphorous 
(about 300 p.p.m. ‘by spectral analysis). These latter ? 
bers had a resistivity of about 3.5><10-4 omh—cm. and 
had a positive temperature coe?icient of resistivity. Thus 
these ?bers have a substantially greater conductivity than 
has been reported for essentially pure graphite carbon 
?bers. The fact that these highly carbonized ?bers retain 
a substantial total content of nitrogen, phosphorous and 
boron is responsible for unique properties. 

In contrast, rayon fabrics and ?bers which had been 
impregnated solely with ammonium sulfate or ammonium 
chloride and converted to the nonconductive black state, 
when sequentially carbonized to a ?nal temperature of 
about 1400° C. (2550° F.), yielded carbon fabrics and 
?bers containing 95 to 98% carbon. The ammonium 
chloride impregnated type yielded carbon fabrics and 
?bers containing over 99% carbon using a ?nal tempera 
ture as low as 1650° C. (3000° F.) (30 minute exposure); 
or using a ?nal temperature of 2200° C. (40t)0° F.) with 
a total carbonizing period of less than 5 minutes. 

In the latter case ?bers having carbon percentages as 
high as 99.5 to 99.9% can be obtained. These carbon 
?bers retain a trace of combined nitrogen in the structure 
and a low order of graphitic carbon development. The 
resistivity temperature coe?icient is small (about 3 ><l0—4 
per ° C.) and negative when the carbon content is in the 
99.4+% range. Fibers of this type are suitable for use 
as highly stable power resistors, and for use in highly 
stable conductive papers to be employed as resistors and 
as electrical heating elements that will not greatly vary 
in resistance with use and at different temperatures. Cel 
lulosic papers containing about 5 to 50% by weight of 
dispersed carbon ?bers can be readily and economically 
produced. 
An illustrative cellulosic paper containing uniformly 

intermingled dispersed carbon ?bers of this type, and 
alpha cellulose ?bers, in a l to 3 ratio by weight, had a 
tensile strength of 11 lbs. per inch width, and a speci?c 
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resistivity of 0.2 ohm-cm. which only varied by 6% 
in the temperature range of 23 to 130° C. With a 1 to 
10 ratio, another paper had a resistivity of 24 ohm—cm. 
A speci?c example of a preferred cellulosic heating 

element paper is one composed of 83% cellulose ?bers, 
10% asbestos ?bers, and 7% of 0.8 denier carbon ?bers 
(99.5+% carbon) of 1A1 inch length, by Weight. This 
paper in a weight of 135 lbs. per thousand square yards 
(corresponding to a 45 pound basis weight), having a 
caliper thickness of 5 mils, has a resistance of about 110 
ohms per square. A radiant heating panel 3 ft. by 4 ft. 
in area in which a sheet of this paper provides the heat 
ing element, the power at a nominal 120 volts being di 
rectly applied across metal strip electrodes contacting op 
posite edge margins of the sheet, has a nominal 750 watt 
rating, and a warm “safe-to-touch” surface temperature. 
This paper is also useful in providing an internal elec 
trically heated layer in warming trays. 
A single continuous manufacturing operation can be 

employed, using a multi-zone electrically heated furnace, 
for continuously transforming the initial dried salt-im 
pregnated unpyrolyzed rayon fabric, yarn, roving or tow, 
to the ?nal carbonized conductive product form, without 
cooling or separate handling of the intermediate noncon 
ductive black organic material. In this case the latter in 
termediate product in its hot state quickly enters a non 
oxidizing environment and is promptly carbonized; hence 
e?icient use can be made of types of intermediate black 
?ber products which do not have as good glow-resistance 
and heat stability as do those which contain carbon~ 
bonded boron or phosphorous (or both). 
Of particular interest in this connection is the conver 

sion of rayon fabric, yarn, roving or tow which is impreg 
nated solely with ammonium chloride. Using a four 
zone furnace of the type previously described but with 
zone temperatures of 350, 600, 800 and 1400° C. (660, 
1110, 1470 and 2550° F.), and with nitrogen supplied 
only to the last three zones, dried salt-impregnated vis 
cose rayon woven fabrics were passed therethrough at a 
windup rate of 3 feet per minute to obtain, upon cool 
ing, strong ?exible woven carbon ?ber products contain 
ing approximately 97.1% carbon and 1.2% nitrogen with 
a warp yarn tenacity of at least 0.3 gram/denier. The 
yield was about 25% (that is, the ?nal carbon fabric 
weighed one-fourth as much as the original untreated 
rayon fabric). 
A very rapid continuous process can be employed for 

directly converting ?lament rayon tow (previously im 
pregnated with ammonium chloride, dried and ?exed) in 
to carbon ?lament tow of 99.5 +% carbon which can be 
chopped to provide ?exible conductive staple carbon 
?bers. Use is made of a horizontal carbon tube furnace 
having two heating zones in series, each about 18 inches 
long and 2 inches in diameter and separated 18 inches 
for ease of operation and control. Nitrogen is introduced 
countercurrently to properly control the atmospheric en 
vironment of the hot ?laments as they pass through the 
tube. Exhaust hoods remove fumes emitted from the 
ends. The ?rst zone is maintained at a temperature which 
increases from about 800° C. to about 1400° C. in the 
travel direction. The second zone is maintained at 2200° 
C. The tow is drawn through at a rate such that it enters 
at 6 feet per minute and exits at 3 feet per minute (due 
to 50% shrinkage and 75% weight loss). It thus re 
mains in the furnace for one minute, the exposure at 
2200“ C. being for 1/2 minute. In this arrangement suf~ 
?cient air is drawn into the ?rst furnace tube zone by 
the entering ?lament tow to provide adequate oxygen 
for the initial conversion to the black nitrogen-contain 
ing nonconductive organic ?ber state, such conversion 
being at a very rapid rate (less than 20 seconds) because 
of the high temperature. This high temperature does 
not cause a destructive glow or exotherm since the black 
?laments are immediately carbonized in a nonoxidizing 
atmosphere in the ?rst zone up to a carbon content of 
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about 97%. The resultant hot carbon ?lament tow is 
then promptly and quickly further carbonized in the sec 
ond zone so as to acquire a 99.5+% carbon content, 
after which the carbon tow is cooled to room tempera 
ture. 
The ?exible conductive carbon ?bers of staple length 

(l/s" to 2" in length) that can be chopped from this 
latter product have many ?elds of utility. These ?bers 
are non-hygroscopic. The resistivity at room tempera 
ture of typical ?bers of 10 microns diameter (0.8 denier) 
is 2 to 3x104’ ohm-cm. They have a low negative co 
e?icient of resistivity (about 3 X 10-4 per ° C.). The con 
ductivity involves “N-type" mobility. These ?bers are 
highly stabe to prolonged exposure to high temperatures 
even in the presence of air. They can be incorporated 
in various papers, nonwoven ?brous fabrics, ?lms, coat 
ings, laminates and molded articles to provide desired 
electrical, thermal and physical properties. (As in mak 
ing the previously mentioned electrical heating papers, 
for instance.) 
The various aforesaid types of carbonized ?bers, which 

are smooth but have micropores, can be modi?ed, 
whether in fabric or free ?ber form, by providing a 
thin ?lm, coating or deposit which can be strongly bonded 
by virtue of the rnicroporous ?ber surface structure, de 
spite chemical inertness of the fiber. Thus a deposit of 
pyrolytic graphite, a carbide formation, an oxide coat 
ing, a silica or silicate coating, a metallic ?lm or coat~ 
ing, a coating of a high-temperature-resistant polymer 
(which may be polymerized in situ), a sizing or priming 
coating to enhance bonding to a further coating or to 
a varnish or resin in which embedded, are illustrations. 

Further uses of conductive ?ber products 

As already indicated, the carbonized products disclosed 
above have many and unique ?elds of utility owing to 
the variety of combinations and ranges of properties 
made available. 
The ?brous materials of low conductivity (resistivities 

in the range of 103 to 1010 ohm-cm.) have high nega 
tive temperature coe?icients of resistivity, suggesting use 
in thermistors and temperature-responsive switching de 
vices. Packed pulverized ?bers of this type have high 
pressure coefficients of resistivity (as much as 10,000 to 
1 over the range of 10 kilobars to atmospheric), suggest 
ing use in pressure transducers. 
On the other hand, carbon ?ber products of over 90% 

carbon content combine good electrical conductivity with 
excellent thermal stability, including stability to lengthy 
exposure to high temperatures even in the presence of 
air. Thus woven and knitted fabrics can be used as 
?exible and conformable electrical heating elements for 
laboratory ware. An advantage over the use of metal 
heating wires embodied in a heat-resistant fabric of some 
sort is that such wires need to be of ?ne gauge and are 
relatively fragile, and such fabric constructions are not 
as ?exible and conformable as those made possible by use 
of conductive carbon ?bers. 
The various types of conductive ?bers that can be 

produced provide for a Wide choice of properties in 
making up papers, nonwoven fabrics, ?lms, coatings and 
laminates, containing such ?bers in various proportions 
to provide desired electrical and other properties. 

These carbon fabrics and ?bers can be combined with 
high~tempcreature-resistant resins to provide dense void 
free molded or compressed conductive solid articles and 
laminates of great thermal stability. For example, a 
woven viscose rayon fabric impregnated with ammonium 
chloride, which was heated in an oven for 5 minutes at 
550° F. and subsequently carbonized to a ?nal tempera 
ture of about 1320° C. (2400° F), provided a ?exible 
carbon fabric having a carbon content of 97% and a 
nitrogen content of 1.6%, a tenacity in the warp direc 
tion of 0.37 gram per denier, and a ?ber resistivity of 
5><l0—3 ohm-cm. This cloth was impregnated with a 
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thermosetting phenolic laminating varnish which is com 
mercially available and speci?cally designed and sold for 
high temperature applications (e.g., “Resinox” SC~1008 
phenolic resin varnish sold by Monsanto Chemical Co.) 
so as to have a resin pickup of 35% when dried. Suf 
?cient layers of this pre-irnpregnated cloth were lami 
nated together to form a composite one inch thick. This 
was then compressed for one hour under a pressure of 
1000 p.s.i. at a temperature of 350° F. The resultant 
cured sheet was 1/2 inch thick and was hard, dense and 
rigid and had a high electrical conductivity and a rela 
tively low temperature coefficient of resistivity. These 
properties suggest electrical use for making potentiometer 
elements, etc. This sheeting had a relatively low thermal 
conductivity, low thermoexpansibility, high thermal shock 
strength. Samples exhibited low erosion and ablation 
rates even at plasma jet temperatures (of the order of 
18,000“ P.) without spalling or violent decomposition. 
The eroded surface seemed to glaze and fuse itself. Abla 
tion and erosion resistance appeared to be superior to 
corresponding graphite fabric structures, presumably 
owing to the lower thermal conductivity of the present 
carbon ?bers and to the differences in their microstruc 
ture and chemical composition as compared to the 
“graphite ?bers” of the so-callecl graphite fabrics that are 
commercially available. 

Molded parts can be made by charging the mold with 
chopped fabric or chopped tow ?bers pro-impregnated 
with a thermoset resin such as a high~temperature-re 
sistant phenolic or modi?ed phenolic resin. The bulk 
charge and the mold can be preheated to enhance the 
flow in the mold. 

Ablative and other characteristics can be modi?ed by 
incorporating inorganic ?llers, such as metal oxides (e.g., 
zirconium dioxide or other refractory oxide), metal 
powders and ?akes, etc., in the varnish or resin impreg 
nant. Properties can also be modi?ed by inclusion of 
?bers of other types such as graphite ?bers, glass ?bers, 
silica ?bers, metal ?bers, aluminum oxide ?bers, alumi 
num silicate ?bers, ?uorocarbon ?bers, etc. 

Liquid epoxy molding and coating compositions con 
taining dispersed carbon ?bers can be provided which are 
capable of being cured in situ to provide either ?exible 
or hard conductive molded parts and coatings. 
Woven fabrics, nonwoven fabrics, and carbon wool 

can be used in unusual and demanding ?lter and adsorp 
tion applications which capitalize on their chemical in 
ertness, adsorptive properties, or thermal properties, or 
combinations thereof. 

Pressure-sensitive adhesive coating compositions con 
taining dispersed conductive carbonized fibers can be 
coated out to form, upon drying, a normally and ag 
gressively tacky, viscoelastic, ?ber-reinforced conductive 
adhesive coating upon either a permanent base or back 
ing, or a temporary removable support having a release 
surface to permit of transferring the adhesive layer to 
another surface. Electrical conductivities over a wide 
range are possible by selection of proportions and type 
of ?ber. Carbonized continuous ?lament strands can 
be embedded in lineally aligned fashion in pressure-sen 
sitive adhesive tape structures (for example, in the visco 
elastic adhesive layer) to provide a desired degree of 
electrical conductivity. Thus lineal conductivity through 
the carbonized ?laments can be provided in a tape which 
is otherwise insulative. 

Adhesive tapes having electrically conducting backings 
can be produced by using conductive carbonized woven, 
knitted, braided or nonwoven fabric backings which may 
or may not be impregnated or coated with rubbers, 
varnishes, etc. Knitted fabrics permit of tapes which are 
stretchable and conformable in both directions. Conduc 
tive papers containing carbon ?bers can also be used to 
provide conductive paper-backed adhesive tapes. High 
tetnperature-resistant pressure-sensitive adhesive tapes 
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can be made using high-tcmperature-resistant pressure 
sensitive adhesive, such as certain silicone adhesives. 

I claim: 
1. A process of manufacturing black, non-conducting, 

inert, heat-resistant, non-carbonized organic fabrics and 
?bers of good flexibility and strength, by a controlled 
thermochemical transformation of corresponding ?brous 
regenerated cellulose starting material without loss of 
?ber identity, which comprises impregnating the ?bers 
of the starting material with a water~soluble salt of strong 
acid and nitrogenous base that is capable of rendering 
the ?bers non?ammable, and heating the salt-impregnated 
?brous material in a dry state for at least about 5 minutes 
at an effective temperature of at least about 450° ‘5., the 
temperature and time of such heating being regulated so 
as to cause, the ?brous material to pass through a stage 
of low ?ber strength and then regain a higher strength 
equal to at least 20% of the original strength, such that 
a black ?brous product having the above-mentioned char 
acteristics is produced. 

2. A process according to claim 1 wherein a water 
soluble nitrogenous phosphate salt is employed and 
wherein the black ?brous product is thoroughly washed 
to remove soluble residues, so as to provide a ?exible 
?ame-resistant black ?brous product which is free from 
after-glow upon intense heating, the ?bers having a chem 
ical composition including approximately 54 to 61% car 
bon, 3.4 to 4.0% hydrogen and 3.1 to 5.8% nitrogen. 

3. New and useful black organic ?brous material made 
by the process of claim 1. 

4. New and useful black organic ?brous material made 
by the process of claim 2. 

5. A process of thermochemically converting regen 
erated-cellulose ?ber starting material to corresponding 
black insulative organic ?ber material, which comprises 
impregnating clean starting material with an aqueous 
solution of a salt composition consisting essentially of 
at least one nonoxidant water-soluble salt of a strong acid 
and a nitrogenous base, the pickup of salt being about 
10 to 30% of the ?ber weight, drying, and heating the 
dry salt-impregnated ?ber material for a short time and 
in the presence of air at a temperature of at least about 
450° F, the conditions being controlled so as to cause 
the ?ber material to pass through a pyrolytic stage pro 
ducing low ?ber strength and then to regain at least 20% 
of the original strength, such as to result in a ?exible black 
insulative ?ber material having a ?ber carbon content in 
the range of about 50 to 65% and nitrogen content of at 
least about 3%, the heating process being terminated be 
fore degradation to weak brittle ?bers occurs. 

6. A process according to claim 5 wherein said salt 
composition includes a nitrogenous phosphate salt suf 
?cient to impart at least 0.5% phosphorous to the com 
position of the product ?bers. 

7. A process according to claim 5 wherein said salt 
compoistion includes a boron compound adapted to im 
part at least 0.5% boron to the composition of the prod 
uct ?bers. 

8. A process according to claim 5 wherein said salt 
composition includes a nitrogenous phosphate salt and 
a boron compound adapted to impart at least 0.5% phos 
phorous and 0.5 % boron to the composition of the prod 
uct ?bers. 

9. New and useful black organic ?brous material made 
by the process of claim 5. 

10. Black insulative woven fabrics made from cor 
responding woven rayon fabrics by the process of claim 5. 

1. New and useful black organic ?brous material 
made by the process of claim 6. 

12. New and useful black organic ?brous material 
made by the process of claim 7. 

13. New and useful black organic ?brous material 
made by the process of claim 8. 

14. A process of thermochemically converting regen 
erated-cellulose ?ber starting material to corresponding 
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black insulative organic ?ber material and then carboniz 
ing the latter to provide corresponding conductive ?ber 
material, which comprises impregnating clean starting 
material With an aqueous solution of a salt composition 
consisting essentially of at least one nonoxidant water 
soluble salt of a strong acid and a nitrogenous base ca 
pable of imparting to the insulative product ?bers a 
nitrogen content of at least 3%, drying, heating the dry 
salt-impregnated ?ber material for a short time and in 
the presence of air at a temperature in the range of about 
450 to 900° F., the conditions being controlled so as to 
cause the ?ber material to pass through a pyrolytic stage 
producing low ?ber strength and then to regain at least 
20% of the original strength, resulting in ?exible black 
insulative ?ber material having a carbon content in the 
range of about 50 to 65%, and subsequently carbonizing 
this ?ber material by rapid heating in a nonoxidizing en 
vironment to a ?nal temperature of at least 950° F. to 
produce electrically conductive nitrogen-containing ?bers 
having a carbon content of at least 70%. 

15. New and useful electrically conductive nitrogen 
containing carbonaceous ?ber material made by the proc 
ess of claim 14. 

16. New and useful electrically conductive nitrogen 
containing carbon ?ber material having a carbon content 
above 99%, made by the process of claim 14. 

17. A process of thermochemically converting regen 
erated-cellulose ?ber starting material to corresponding 
conductive carbon ?ber material Without loss of ?ber 
identity, which comprises impregnating clean starting ma— 
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terial With an aqueous ammonium chloride solution such 
that there is a pickup of ammonium chloride of about 
10 to 30% of the ?ber Weight, drying, heating the dry 
impregnated material for a short time and in the presence 
of air at a temperature of at least 450° F, the conditions 
being controlled ‘so as to produce a ?exible black nitrogen 
containing organic ?ber material, and subsequently car 
bonizing this nitrogen~containing ?ber material by rapid 
heating in a nonoxidizing environment to a ?nal tem 
perature high enough to provide electrically conductive 
nitrogen-containing carbon ?bers containing at least 95% 
carbon. 

18. New and useful electrically conductive carbon 
?ber material made by the process of claim 17. 

19. An electrically conductive cellulosic paper char 
acterized by containing at least about 5% by Weight of 
dispersed conductive carbon ?bers made by the process 
of claim 17. 
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