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] 3, 053 77 5 R
METHOD FOR CARBONIZING FIBERS

o 3 053 775
Patented Sept._ll 1962

The present process comprlses heatrug the raw ﬁber o

cmaterral in an inert; oxygen-free atmosphere to a “tem-

B Wllham E. Abbott, Homer, Alaska, assignor to Carbau_ |

Wool Corporatlon, Oyar, Calrf ¥ T corporatlon of Call-_ |

ferma

Frled Nov. 12, 1959; Ser. No. 852, sso -
- 8 Clan:ns. (Cl 252—-—-421)

* This apphcatron is a conunuatron—m—part of my prror
co-pendrng applrcatron Serial No. 569,391, filed March 5,

1956 entitled Method for Carbomzmg Fibers, . and Artr-_

cles Produced Therefrom now abandoncd

~ This invention relates to fibrous materials and has par- ' __
trcular reference to-a process. for carbomzmg ﬁbers and o
Oneé of the primary objects of this 1nventrou is to pro- -

to articles produced therefrom.

perature sufﬁcrently high to bring about substantlally

- complete therrnal decomposition of the non-carbon cou-'
‘stituents of the matenal,

great care bemcIr taken to con- |

. trol the rate of temperature rise so that gasrﬁcatron 1s_
slow to prevent fiber rupture by raprd decomposrtron

It has been discovered that a critical temperature range.

Cof from about 250° to about 500° F. exists for the de-

10

sired carbonlzatron of the raw regenerated cellulose fibers.

It is in this range that the major part of the carboniza-

- vide a process for thé production of carbon in fibrous
forrn havmg a hrgh intrinsic fiber densrty and good ten-

srle strength While fibers of carbon are not basrcally,

- new, carbon’ ﬁbers ‘heretofore: produced have been SO
| Weak in structure that they could not resrst even -slight

'_ mechanlcal forcés ,Wrthout brealrage or drsmteeratron

substantially of carbon which are sufficiently strong to’;__z_5

-retarn therr ﬁbrous form upon berng sub]ected to me-

Another ob]ect of thrs mventron is to provrde a hard N
high density: carbon in the form of fine fibers, the fibers

tion takes place. It is extremely important that the"-

~ rate of temperature rise through this temperature range

be controlled so that the weight yreld of carbon ﬁber,
will be greater, preferably, than 45 percent of the car-

‘bon content of the original raw regenerated cellulose, and |

so that the tensile strength of the resultant carbon ﬁber_
will be at least 5 000 p. 8.1. The temperature rise through_ |
this range for. a single ﬁber for example, should take

‘place uniformly in not less.than 8.minutes and preferably

- over a period of one hour so as to prevent excessively -

| - fast gasification, such as would otherwise damage the
- The present invention provides for the first time fibers

bemg clean’ and’ strong because of the high densrty, yet .

_-flexrble and resrlrent due to the small drameter of the_

| ﬁbers

~ for the productron of carbon ﬁbers havmg a wrde rangef .
- of ﬁber drameter and ether characterrstics for use 1n__

Varred specrﬁc applrcatrons o | |
Another ob]ect of this mventron 1s to provrde a carbon

30

fiber which is capable of being activated to .a thigh level

~ while still retaining a

strength, the actwated fiber havmg adsorptron character-
istics equal on a weight basis to. ‘conventional activated

carbon m granular form. Granular actwated carbon is ously. treated by. passage through a surtable furnace or

; Well known in mdustrral appllcatrons but is limited to. - other heatmg apparatus

- use’ applrcatlons which provide. means to contain the
Actrvated carbon fibers of the present 45
invention extend the use of carbon to clothmg, masks,

carbon granules

and ﬁlters of ﬁber constructron

a considerable part of its 01‘1‘3'1113.1

40

| belreved wrll be readrly apparent from the followmg de—.

ﬁtarled descrrptron of preferred embodrments thereof when _:'50

_' | ._read n connectron Wrth the accompanyrng drawmes
In the drawings:

The single FIGURE is a- dragrammatrc vrew rllustrat-' ~

:_rng the apparatus required to carry out the process of

- this invention on a small scale. | |

Brreﬂy, ‘this mventron comprehends _wrthm rts scope' B

B the drscovery that certain synthetic fibers may be car-
_bonrzed by carefully controlled thermal  decomposition -

The choice of |

to produce a dense strong carbon ﬁber

'. thermoplastrc type Whrch do not tend to melt or flow.
1 When heated |

' on heatmg and hence retain the ﬁbrous for_
to the decomposrtron point. . |

‘Natural fibers, such as cotton for esample are- not
smtable for the purpose of thrs 1mrentron

-~ fore are unsatrsfactory for practrcal use. in t’ne form of
'carbon fibers.. | | | |

It has been found that a regenerated cellulose ﬁber o

| such as vrscose rayon cuprammonrum rayon and sapom-

. fo : accompllshmg the ends of the prescnt mventron

Although e
such ﬁbers may be carboruzed they are weak and there-

| II]ICI' OIIS

- through whrch the ﬁbe1 is drawn..

fiber. In actual practrce utrlrzrng a mass of ﬁbers, thef.. '-

-tnne required to raise the temperature of the entne mass

of ﬁbers through this range will exceed the t1me requlred -
~ for an 1nd1vrdual fiber accordrng to the heat. transfer char-:
- acteristics of the partrcular equrpment employed and the

volume of the mass of ﬁb....rs

lllll

_ 'the heatlng operatron can themselves provrde the mert
'-.oxygen-
~ to avoid brittleness in the product, . the ﬁber diameter
of the raw materrals should be less than about 200.

ee atmosphere if properly contamed In ordeq

mrcrons Preferably, the ﬁber drameter is less. thau 100 |

The raw materrals may be treated m the ;form of con-:

''''''

staple ﬁbers m the form of yarn or Woven Webs or m
any other suuable fiber form.

ments or yarns are preferred smce they.can be contmu-

. - - _;-l. -1 i I -
~ The’ contlnuous process rna;r be carrred out rn a tunnel

pherrc trap, a r.:arbonrzu:r::'r sectron and a coolm seqtron,
The rollers for the

fiber should be of ceramic materral and the ﬁbrous ma—-
terial is pl:eferably supported and.. gurded through the .-
~ furnace - on. a guide belt or belts of quartz . glass cloth
o Inasmuch as the ﬁbers undergo shrmkage of - from 20 to
35% durlng carbomzatron _provision must be made for'_

| quartz belts 1in; the carbonrzatron zone The coolrng sec—- B

tion. may comprise . water ]acketed heat transfer. aplates.lf'

“The. Process . may also. be carried out batch—wrse in. a ]

srntable furnace provrded Wlth adequate temperature con- '

| trol means

Products produced by the above descrrbed thermal de-mﬂ
composrtron process. have a wide. scope; of. industrial uses:,

" The canbon fibers are strong, yet .highly ﬂernble and ma}ﬂ--

~ be readily fabrrcated into the desired form or assembled

- with, other components for use. Thus contmuous carbon

65

| ﬁlaments ‘may be:woven into yarn and/ or. cloth for ther=.

mal’, 1nsul ation, ﬁltratlon applications -nad, the like..:: The.

. yarn, cloth, or staple carbon fibers;.. “having sufficient

~ strength to provide a self—-supportrng mass of fibers, may :

- 70

be formed into mats or pads for similar uses. Also, the-' |

 carbon. fibers in yarn or. staple form may be. used.as a .

catalyst or catalyst carrrer and- as a-caulking materral for;j

al - specialized applications. L
 will readily present themselves to those skilled in the art.

Other industrial. apphcatrons

Contrnuous mouo-ﬁla-' -



DT '_r'_;‘;preduct

U ': ?f‘;fere earhenrzatlen into mats, pads, or eentrnneus Webs efi-;_.:-'
~ " low bulk density and havrng a high degree-of shape re-
.- tention by bondrng the fibers together with a suitable ther-
SR '5--.r-_rnesett1ng resin- such :as urea formaldehyde |
- -+ should be applred at a lew wseosrty such that- eress-ﬁher-{'-_
R feementlng occurs without the deposition of excessive. or
Any extensive thlekenrng of- the ﬁbert“'___
i -:'_---;.';.drameters or the fermatren ‘of nodules of resin on the - -
- fibers is undesirable and produces ‘brittle sections in'the
= - finished product.

thick resin ‘masses,

I Era:eerdanee wrth the aheve-deserrbed process to prednee R
earben-bended carbon fiber mats or pads snrtable fer use
- inair filters, as thermal insulation and the like. - S
..~ - Tt is-within the scope of this invention to- prevrde the SR

R -{.--earhen fibers- wrth coatings . of various types, applied
oo either. before or after carbenrzanen Sueh coatings may

© 7 include oxides for various purposes, i.e.
j-'“"*-*-etc “for 1n1preved ﬁrepreeﬁng, to minimize-the need to
-~ protect the material from: oxidizing atmospheres. when -
 used as a thermal insulation; Fe 03, Cry0;, AlyOs, as cat- -

- alyst surfaces for- catalytre reactions utilizing the carbon -
" fiber as the carrier; CuO, Cu,0, etc., for inversion of the
R selective adserptren eharaeterrstrcs to prevrde speelﬁe ad- . -

Co '_”._-'_:'sorptlen properties; and- apprepnate exrdes te ehange the_

- black color of the carbon fibers. LTI o

" -, The above and other surfaee ceatlng rnaterrals may.; o

R be 1ntreduced prior to or during regeneration - and fiber ap
T '_-';fermatren

i of the tunnel furnace described above. “In the case of the - o
e Z-gbateh process, steam’ apparatus is added 1o the furnaee .
oo for use after carbonization. The: activation may be ac-
R iif-_"cernphshed prrer 1o ceehng fellefwmg earhemzatron, __er o

the deta:ls set ferth T
Example I

= !

“The resin -

MgO, ZnOs, op

These sarne" .

ibers may be

The apparatus is shewn dlagrammatrcally in the draw- o

T ‘Preferably, - the resin bond film is of = -
R :_-the salne erder ef magnrtnde as the ﬁber dlameter

15

 pan.

~can Viscose Co., 5.5 denier;. Iength 57" -qual.," =
"”t}’Pe var. reg.; lustre, brt.; sym.; 1432) to prevent. PﬁCk"'_f.f.f:f:_'
. ing. Pan 14 was then covered with pan 15 and the two -

ment ef air.

521/-:'; ‘hours.

. L . . P . - . .0 .
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' L] o - ' '
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- “A%; type, brt. tow;. ﬁn ., -soft” unbl:

off and ‘the ‘batch allowed to cool for 18%4 hours.

| “The carhen ﬁbers produced had. ‘a “tensile strength nf. "
-_10 000 p.s.i. and a weight yield of 52% of the carben_1:__':';;;:*;'_

s ﬁeontent of the raw regenerated cellulose fibers. -

30
RN “This simplifies. the coating process and. pre-:'-"'_i‘;_i. R
- . duces more therengh and -uniform coatings, more imper- = -
oL vious: ceatrngs and ceahngs Wrth a greater degree ef bnnd S
IR to the ﬁber - o

It has._;ﬁ.._._ -

ek
o tmty ef 35 % by Werght

e ously en eenﬁnuous ﬁlarnents by 1ntreduerng a steam re-[,_
< action chamber immediately prior to- the' eeehng section gq o
* . cuprammonium rayon, was earbemzed by slowly heating -
the same through a temperature range of 250° F. to 500“;*5*_[7j;__'f
| ‘The ‘temperature was ‘then raised to
- 1000° F. to drive eﬁ gases from-the furnace. The hateh.;{-?j_;f-{f_
‘of carbonized fibers was then' permitted to cool to reeml?-."’.‘f”f"-*

G "carrred out ona small-—scale batch eperatlen bnt it'is te -

40

© minutes.

~F. for 2% hours.

Example 2

Erample 3 I

- Utrhzrng the same apparatus as| descrrhed in Eaample 1
*"'a 2.0 pennd bateh ef 3 . denier, 3""-5 ” length fibers - off'?f:-.-‘-fﬁ-*'

_ternpelatnres over a period of apprexnnately 18 hours. .

.~ The carbon fibers thus. ‘produced were . tested and. re-
L T j_vealed a tensile strength of 8 ,000 p.s.i. and a Welght yield
" be understood that the mventren 1s net te he lnmted to - equal to 50.4% of the earhen eentent ef the raw cupram-*f: L

R ;_-'_ﬁ.fm'j;menlnm rayen ﬁbers

......

| Agarn, utrhzmg the apparatus descrrhed in eenneetreni_?rfi.:":-:'
T S Wlth Example 1, a 1.5 pound batch of 1 denier saponified
! 1ng, ‘and includes a 4-burner, gas-fired box kiln furnace

' J “ 10 prevrded Wlth a srde port 11 Mennted 1ns1de the fur-r-f 75

f'ﬁ'fnace on ceramic bleehs 12 was a set ef three rectangular;f:_',;“j"f'l-__
- iron'pans 14, 15 and 16 of pregressrvely increasing size.
- The pan 14 measured 19" in length, 10" in' width and . -
- 6" in depth; the pan 15 measured 20" x11"x
- the pan 16 measured 21" x 11%5"" x S
prevrded ’wrth quartz eIeth 1nsulat10n 20 on the srdes and

6% and
“The pan 14 'was =

In earryrng ent thls example 40 feet ef “tew type Vls- :
Eeese rayon (Amerrean Viscose Co., 245M denrer ﬁl ;-_;f o
- 1.55 qual,,

B sym., - -
The

_ _I-_TN339) was then layered into pan 14 between l-inch -
' thick layers ‘of “ﬁuﬁy“ type-viscose’ rayen fibers (Arnerr- L

 pans 1nverted and then covered with pan_ 16 - The fnr—-i_;ﬁ_’::.é.:' |
" nace was preheated to 300° F. for about 15 minutes. and
- the assembly of the three pans put into the center of the .
furnace on' ceramic. hleckrng to perrnrt uniform move- =
-The furnace and contents were then heated
“slowly through the gasrﬁeatren stage (300°=500° F. ) fer o
| ‘The temperature was then allowed to rise . -
10 1000° F. to drive off the | gases; the furnace then turned L
Lok L

“The following example describes the prednetren of -ac—
--'trvated carben Weel ﬁhers hy the bateh method S

o The apparatns deserrbed in Example 1 Was utllrzed Wrth--ff'
;:? 'the addrtron ef a length f 1/ér-rneh steel tuhlng 30 Welded-;':;.-_-_ -
ST ess the raw rnaterral underﬂees a ehange from’ an elee-;_;_i
. trical insulating material to a eenduetlng material. It has
-~ been further found that a semi-conductive product may -
. be preduced by partlal carhenrzatmn as by not permitting
. the temperature to rise above 500° F.. -during the carbon-
A _'-;'.-1zat10n By proper control of the ternperature, the prod-
- uct may.be made to exhibit variable specific resistance.
R Sueh nlaterlals are useful in-eléctronic appheatrens such’
ST astin makrng sensrng elenrents transdueers, cenduetmty-l
S -devrces and the like, - . | B
“e o - Carbon fibers preduced by the present carbenrzatren*&'
".?'.}'-_fmethed have very low adsorption capacity. |
... fibers may, however, be -activated to provide saturation
el adserptren capacatles fer earben tetraehlerrde for exam- -
©  ple, of 30-50% by weight of the activated carben fiber;
- while still retaining a high proportion of the strength -
- properties- of the unactivated carbonized fiber,
7 been found that the unactivated carbonized: o
T aetrvated by. reaetlen with stearn at ternperatures from- .

B tuhrng berng prevrded wrth a plnrahty (aheut 6 1n thls"rr;fff];
--case) ‘of Vg-inch holes. 31 equally spaced inside the pan. .
- length. The tubing passed through' the furnaee port 11,
A S-gallen bottle 39 of distilled water was. pesrtrened enr._{f"*- y
top of the furnace and prevrded with a supply tube 46 con- : .
- nected to the tubrng 3@ A step ceek 4-5 was alse prev;lded o
~in the tube 40. .. DD
~ "The earhenrzatron step ef thrs exarnple Was 1dentreal te.,.' o
that of ‘Example 1, “except that here, following the 2¥4-" -
“hour earbenrzatren step, the ter .
~fibers was- raised to-1450°°F., ‘and maintained there for
~about 2 hours, dnrmg which tnne ‘about 5 gallons of dis-: -
~tilled water frem the bottle 39 was slowly fed by grav:lty'-s;*i';?f;_g_f
into the tubing 30. Steam was thus forced out of the heles!'{-"
- 31 and through the: carbonized ﬁhers to activate. the same.. . -
At the end of the two-hour ‘period, the batch was drredff'_';;;._'..__f'_:-
by lowering the temperature to. about 500° F. for about 15.
The fL.rnace 'was then allowed to cool for abentgf;f:;j’_;-'-_.ff
s -_18% heLrs as 1n Example 1 The actrvated earbon ﬁbers_;::551?;..53_:252-?
- 1200° to~1800° F.  This is the well known activation x5
- .. - process which has heretefere heen apphed te granular"
'-i".'._-.__.-_jﬁearben materlals - - IR

Perature of the carbon -

" acetate rayon ﬁbers was_carbonized by slowly heating: the":-'a ;
_:_sanre threugh a ternperature range ef 250" F te 500“ F



- for 25 hours. The temperature was then raised to 1000"
F. and the batch allowed to cool to rcom temperature over

~ an 18 hour period. The resultant carbonized fibers were

- 3,'053,7_75
 prising the steps of heating viscose rayon fiber in an-i_nért_ -

~ atmosphere through a temperature range of from about
'300° F. to about 500° F., said heating requiring about two

tested and revealed a tensile strength of 11,200 p.si. and |

a we1ght yield equal to 51.7% of the carbon content of the_

orlgmal saponified acetate rayon fibers.

Further tests and experiments in connection Wl’[h smgle_

fibers or mono-ﬁlaments of these materlals reveal that the

perature through the critical range
~ of from about 250° F. to about 500° F. should be ac-
~curately controlled, so that the increase in temperature

rate of increase in te

10

from 250° F. to 500° F. will consume a penod of time of

at least 8 minutes.
time shorter than 8 minutes, the tensile strength and wewht

yield of the resultant carbomzed ﬁber will be materially 15

reduced.

Having fully descnbed my invention, it is to be under-

If the temperature rise is attained in a -

.

hours to attain said 500“ F. temperature, and subjecting

“the fiber thus produced to the action of steam at an ele—- L

vated temperature to activate the same. S
5. The method of making a carbon fiber Whlch com-

. prlses heating a non-thermoplastic, regenerated cellulose
| .__ﬁber in an inert atmosphere through a temperature range
of from apprommately 250° F. to approximately 500° F.,

- said heating requiring at least 8 minutes to attam sald
500° E. temperature.

6. The method of making a carbon fiber ‘which com-

- prises -heating a non-thermoplastic, regenerated cellulose

“stood that I do not wish to be limited to the details set

~forth, but my nwentlon 18 af the full scope of the append-

ed clalms -
| Havmg thus descnbﬂd my: IIlV“IItIOII What I clarn 1s:

- 1. A process for the production of a carbon fiber com-

- prising the steps of heating viscose rayon fiber in an inert
atmosphere through a temperature range of from about. S
.25

300° F. to about 500° F., said heating requiring at least
30 minutes to attain said 500“ F. temperature.

- 2. A process for the productlon of a carbon fiber com-
. prising the steps of heating viscose rayon fiber in an inert
atmosphere through a temperature range of from about

30
- of steam

. sam&

~ 300° F. to about 500° F., said heating requmnﬂ' about two
-_hours to attain said 500° F. temp....rature .

3. A process for the production of a carbon ﬁber com—
prlsmg the steps of heating viscose rayon fiber in an inert
- atmosphere through a temperature range of from about

'35

- .300° F. to about 500° F., said heating requiring at least 30
* minutes to attain said 500° F. temperature, and subjecting

vated ter

perature to activate the same.

- the fiber thus produced to the action of steam at an ele-—_-

4 A process for the productmn of a ¢arbon ﬁber com—

the fiber thus produced to the action of steam
- vated temperature to activate the same. |
o sﬂe strength of at least 5,000 p.s.i. which comprises heating

. in an inert atr
. lected from the class consisting of viscose rayon, cupram-
monium rayon and saponified acetate rayon, through a

R utes.

fiber 1n an inert atmosphere through a temperature range

of from approximately 250° F. to approximately 500° F.

in a time period of not less than 8 minutes; and subjecting
at an ele-

7. The method of making a carbon fiber havmg a ten-

osphere a regenerated cellulose fiber se-

temperature range of from about 250° F. to about 500°
the increase in temperature from about 250° F. to
about 500° F. being accemphshed in not less than 8 min- -

8. The method deﬁned in claim 7 including the further

step of subjecting the thus heat-treated fiber to the action

at a further elevated temperature to activate the
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