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PROCESS FOR CARBONIZED ClElLlLlUlLOSlE FlllBlElR OR 
THE PRODUCTS THlERlEUF 

The present invention relates to a process for producing ex 
cellent carbonized ?ber or the product thereof by treating cel 
lulose ?ber or the product thereof with a speci?c strength in 
creasing agent or a treating agent prepared by adding a ?ame 
resistance improving agent to said strength increasingagent 
and thereafter heat-treating the thus treated cellulose ?ber or 
product thereofin an inert atmosphere. More particularly, the 
present invention concerns a process for carbonizing cellulose 
fiber or the product thereof characterized by treating cellulose 
fiber or the product thereof with a strength increasing agent 
obtained by the combination of sulfur-containing acid and 
nitrogen-containing base or with a treating agent obtained by 
adding a ?ame resistance improving agent to said strength in 
creasing agent, thereafter carbonizing said cellulose ?ber or 
product thereof by the heat treatment at a temperature of up 
to about 1,000° C. in an inert atmosphere and further if neces 
sary carbonizing or graphitizing the thus heat-treated ?ber or 
product thereof by the heat treatment at a temperature of 
about 1,000’ C. or higher in an inert atmosphere. 
A process for producing carbon ?ber or graphite ?lament 

using cellulose ?ber as a starting material has been known for 
a long time. Thomas Edison presented in US. Pat. No. 
223,898 (1880) a process for preparing carbon ?ber by dis~ 
solving cotton or flax in a zinc chloride solution, extruding this 
solution in an alcohol coagulating bath to obtain a ?ber and 
heattreating the thus obtained fiber. Further, W. R. Whitrey 
showed in U.S. Pat. No. 916,905 (1909) a process for gra 
phitizing carbon ?ber by the heat treatment at a temperature 
of 2,300° C. or higher. 

However, these actually produced in these days possess 
such defects as weak mechanical properties and too large 
porosity ratio so that the loss due to oxidation was large. The 
reasons for such defects are the facts that, in the case of 
pyrolyzing cellulose, the deterioration suddenly occurs par— 
ticularly in the temperature range of 200° to 260° C. and the 
decomposition accompanying the gas generation suddenly oc 
curs in a temperature range of 260° to 500° C. Therefore, if 
the heating rate is high, the degree of deterioration become 
high and the mechanical properties are reduced. Thus those 
having past through such a stage, even if heated at a further 
high temperature do not afford high-quality carbon ?ber or 
graphite ?lament. 
By such reasons, a process for preventing the deterioration 

by heating cellulose ?ber at an extremely low heating rate has 
been proposed. British Pat. No. 1,025,499 (1964), for exam 
ple, employ the heating within a temperature of from 150° to 
540° C. at a heating rate of 10° to 30° C./8 to 30 hours. Thus, 
this process requires 3 to 50 days for elevating the tempera 
ture up to 540° C. Moreover, Japanese Pat. Publication No. 
131 13/61 employs the heating to 400° C. at a heating rate of 
10° to 50° C./hr. and thereafter the heating to 900° C. at a 
heating rate of 100° C./hr. or less. 
The present invention relates to a new process which im~ 

proves the above-mentioned conventional processes in the 
production of carbonlike ?ber, carbon fiber, graphite ?lament 
or products thereoffrom cellulose ?ber or products thereof. 
The object of the present invention is to provide a new 

treating agent or strength-increasing agent which prevents the 
deterioration of cellulose due to the pyrolysis in the heating 
treatment of cellulose ?ber or products thereof. 
Another object of the present invention is to provide a 

process for highly reinforced ?exible carbonlike ?ber, carbon 
fiber, graphite ?lament or products thereof by treating cellu 
lose ?ber or products thereof with the above-mentioned 
strength-increasing agent in the heating treatment of cellulose 
fiber or products thereof. 

Further another object of the present invention is to provide 
a process for highly increasing the strength of the heat-treated 
fiber or the products thereof in the heat treatment at a tem 
perature of 200° to 500° C. at which the deterioration of cellu 
lose is particularly remarkable and in the heat treatment at 
further higher temperatures. 
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Further another object of the present invention is to provide 

an industrially extremely excellent process which enables the 
heat treatment of high-heating velocity in the heat treatment 
of cellulose ?ber or the products thereofv 

in order to attain the above-mentioned objects, the present 
invention, prior to the heat treatment of cellulose fiber or the 
products thereof, requires the treatment with a speci?c 
strength increasing agent. This strength increasing agent is the 
later de?ned compound or a mixture prepared by the com 
bination of sulfur-containing acid and nitrogen-containing 
base. The sulfur-containing acid and nitrogen-containing base 
herein include the following compounds. 
That is, the sulfur-containing acid includes sulfuric acid 

(H2804), sulfurous acid (H2803), thiosulfuric acid (Ii-18203), 
sulfamic acid (HSO3NH2) and imidosulfonic acid ((HSOQQN 
H), and the nitrogen-containing base includes urea, urea 
derivatives, thiourea, thiourea derivatives and amines such as 
urea (CO(NH2)2), thiourea (CS(NH2)2), guanidine 
(NH:C(NH2)2), dicyandiamide (NH2C:NHNHCN), dicyan 
diamidine (NHQGNHNHCONHJ, triethylamine ((C2H5)_-,N ), 
triethanol amine ((CH2CH2OH )3H), 

5 \ pyridine ( N) and aniline (®—~Nllz) 
and ammonia (NHQ). 
The strength increasing agent of the present invention is a 

compound or a mixture prepared by combining one or more 
compound of the above-mentioned sulfur-containing acid 
with one or more compounds of the above-mentioned 
nitrogen‘containing base, and such a strength increasing agent 
is classi?ed into the following three groups depending on the 
combinations thereof as a matter of convenience. 

1. Compounds prepared by the combination of sulfur-con 
taining acid and ammonia, that is, ammonium salts of sulfur 
containing acids which include ammonium sulfate, ammoni 
um bisulfate, ammonium sul?te, ammonium bisul?te, am 
monium thiosulfate, ammonium sulfamate and ammonium 
imidosulfonate. 

2. Mixtures prepared by the combination of a sulfur-con~ 
taining acid, an ammonia and a nitrogen-containing base other 
than ammonia. That is, mixtures of an ammonium salt of sul 
fur-containing acids mentioned in the above paragraph (1) 
with urea, a urea derivative, thiourea, a thiourea derivative or 
an amine. For example, a strength increasing agent prepared 
by mixing an ammonium salt in the above-mentioned para 
graph (l) with urea, thiourea, guanidine, triethanolamine or 
the like. 

3. Strength increasing agent prepared by the combination of 
sulfur-containing acid and nitrogen—containing base other 
than ammonia. That is, a strength increasing agent prepared 
by the combination of a sulfur-containing acid with urea, 21 
urea derivative, thiourea, a thiourea derivative or an amine. 
For example, sulfuric acid‘guanidine, sulfuric 
acid-ethylenediamine, sulfuric acid-dlicyandiamine or a 
strength increasing agent prepared by adding urea, thiourea, 
aniline, triethanolamine or the like to sulfuric acid, sulfurous 
acid or sulfamic acid. 

With respect to the above-mentioned strength increasing 
agent, the ammonium salt of paragraph ( 1) may be a mixture 
of 2 or more members thereof, and the strength increasing 
agent of paragraph (2) may be prepared by adding one or 
more kinds of such nitrogen-containing bases as urea and the 
like to two or more kinds of ammonium salts. Further, the 
strength increasing agent of paragraph (3) may be prepared 
by further adding 1 or more kinds of such nitrogen-containing 
bases as urea and the like to such a compound as sulfuric 
acid‘guanidine, sulfuric acid‘ethylenediarnine, etc. 

In addition, with respect to the above-defined sulfur-con 
taining acid, thiosulfuric acid and imidosulfonic acid do not 
exist as a single compound but only in the form of the com 
pound of said acids combined with other compound. ‘Ac 
cordingly, the above-mentioned strength increasing agent of 
paragraph (3) does not include the case of thiosulfuric acid 
and imidosulfonic acid being the acid component thereof. 
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Ammonium thiosulfate and ammonium imidosulfonate are ac 
tually existing compounds and exhibit the excellent strength 
increasing effect mentioned later. 
With respect to the strength increasing agent of paragraph 

(3) sulfuric acid-guanidine and sulfuric acid-ethylenediamine 
as a compound are exempli?ed, but strength increasing agents 
of the other combinations seemingly form the salts thereof in 
an aqueous solution. 
Every above-mentioned strength-increasing agent is 

generally used in the form of aqueous solution thereof in the 
treatment of cellulose ?ber or the products thereof. There 
fore, it seems that said strength increasing agent is im 
pregnated in and adheres to cellulosic ?bers or articles thereof 
in a form of a salt or a mixture of the salt and nitrogen-con 
taining base excluding ammonia. 

FIGS. are described below. 
FIG. 1 shows the relationship between the strength of heat 

treated cloth obtained and the temperature of heat treatment, 
in the heat treatment of viscose rayon cloth wherein A 
represents the case of heat treatment in nitrogen and B, that in 
air; 

FIG. 2, the relationship between the strength of heat-treated 
cloth obtained and the temperature of heat treatment, in the 
heat treatment of viscose rayon cloth preceedingly treated 
with a strength increasing agent wherein A represents the case 
of ammonium sulfate-diammonium hydrogen phosphate mix 
ture system and B, the case of single ammonium sulfate 
system; 

FIGS. 3 and 4, the relationship between the adhesion per 
centage of ammonium salt of sulfur-containing acid to viscose 
rayon cloth and the strength of the heat-treated cloth obtained 
in the heat treatment of viscose rayon cloth preceedingly 
treated with the said salt wherein A represents the case of am 
monium sulfamate, B the case of ammonium sulfate, C the 
case of ammonium imidosulfonate, D the case of ammonium 
sul?te, E the case of ammonium thiosulfate and F the case of 
ammonium bisulfate; 

FIG. 5, the relationship between the composition of the am 
monium saIt-nitrogen-containing base strength increasing 
agent and the obtained strength of the heat-treated cloth in 
the heat treatment of viscose rayon cloth precedingly treated 
with the said strength increasing agent wherein A represents 
the case of ammonium sul?te-urea system, B the case of am 
monium sul?te-thiourea system, C the case of ammonium 
bisulfate-urea system and D the case of ammonium sul?te 
triethanol amine system; 

FIG. 6, the relationship between the adhesion percentage of 
the sulfur-containing acid-nitrogen-containing base strength 
increasing agent and the obtained strength of heat-treated 
cloth vin the heat treatment of the viscose rayon cloth 
preceedingly treated with the said strength increasing agent 
wherein A represents the case of sulfuric acid-urea system, B 
the case of sulfuric acid'guanidine, C the case of sulfuric acid 
thiourea system, D the case of sulfuric acid-triethanol amine 
system, E the case of sulfuric acid-ethylene-diamine and F the 
case of sulfuric acid-dicyandiamine; and 

FIGS. 7 and 8, the relationship between the composition of 
the sulfur-containing acid-nitrogen-containing base strength 
increasing agent and the obtained strength of the heat-treated 
cloth in the heat treatment of viscose rayon cloth preceedingly 
treated with the said strength increasing agent wherein A 
represents the case of sulfuric acid-urea system, B the case of 
sulfuric acid-triethanolamine system, C the case of sulfuric 
acid-thiourea system, D the case of sulfamic acid 
triethanolamine system, E the case of sulfamic acid-urea 
system, F the case of sulfamic acid-urea (40 percent) system 
and G the case ofsulfamic acid-thiourea system. 
As is known, cellulose ?ber, on pyrolysis, initiates its 

decomposition accompanying the weight loss at a temperature 
of about 150° to 160° C., and the strength of the ?ber 
decreases. Particularly, in the case of pyrolyzing cellulose 
?ber to carbonate the same for a long period of time such as 1 
hour or more, this tendency is remarkable and the strength of 
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?ber suddenly falls at a temperature of 200° C. or higher. FIG. 
1 is an example which shows this tendency, and shows the 
relationship between the obtained tensile strength of heat 
treated cloth and the temperature of heat treatment when 
viscose rayon diagonal cloth is heated up to the speci?ed tem 
peratures at a heating rate of 5° C./min. and heat-treated at 
each temperature for 1 hour respectively. This ?gure shows 
that the strength of viscose rayon diagonal cloth suddenly falls 
at a high-heat treatment temperature in both cases of heat 
treatment atmosphere being air and nitrogen, that an in?ec 
tion point of the strength exists in the vicinity of 280° C. and 
the strength of said cloth does not depend on the heat treat 
ment atmosphere. 

In contrast thereto, the heat treatment of cellulose fiber 
soaked in the above-mentioned strength-increasing agent in 
cludes the temperature of remarkable strength reduction at a 
temperature of 160° to 180° C., but suddenly recovers the 
strength at a temperature of higher than 180° C. In addition, 
this heat treatment of such processed ?ber affords flexible 
heat~treated ?ber having high strength at a temperature of 
280° C. or higher at which the heat treatment of cellulose fiber 
not soaked in such a strength increasing agent simply gives ex-. 
tremely low strength, in other words ?exible heat~treated fiber 
with low-strength reduction, and in this case the strength in 
creasing action of strength increasing agent relates to the ad 
hesion percentage or the mixing ratio of such a nitrogen-con 
taining base urea with a sulfur-containing acid. Thus, by the 
above-described ?nding, the present invention has been 
completed. 

In view that such strength increasing action of the strength 
increasing agent of the present invention cannot be obtained 
by such salts as ammonium nitrate, ammonium chloride, am 
monium acetate, ammonium oxalate, ammonium formate, 
ammonium phosphorates and the like and that these salts 
rather reduces the strength of heat-treated ?ber, it is con 
sidered that sulfur may play a main role of strength increasing 
action. However, the fact that aluminum ammonium sulfate, 
zinc ammonium sulfate, nickel ammonium sulfate or the like, 
which is an ammonium salt of sulfur-containing acid but con 
tains a metal atom in the molecule, does not possess strength 
increasing action suggest that the compounds containing these 
metal atoms are not preferable. 
The strength increasing action of such a strength-increasing 

agent, in general, increases together with the increase of the 
adhering amount thereof to cellulose ?ber or the products 
thereof. Too much adhesion thereof, however, involves such 
secondary disadvantages as the starting material ?ber or the 
products thereof being hardened too much resulting in the in‘ 
convenience in the handling thereof or the soaking treatment 
becoming dif?cult, but the strength increasing effect is unal 
tered. 
When ammonium salt-nitrogen-containing base system or 

sulfur-containing acid-nitrogen-containing base (excluding 
ammonia) system is used as a strength increasing agent, it is 
observed that the strength of heat-treated ?ber or the 
products thereof decreases slowly or suddenly when the adhe 
sion percentage of the strength increasing agent exceeds a cer 
tain value. With respect to such strength increasing agent, the 
strength increasing action thereof also depends on the mixing 
proportion of nitrogen-containing base with ammonium salt or 
sulfur-containing acid which is the acid component of said am 
monium salt, and it is recognized that, with respect to every 
strength increasing agent, the most suitable mixing ratio or the 
preferable mixing ratio exists. 
The strength increasing agent of the present invention hav 

ing the above-mentioned strength increasing action is sub 
sequently described concretely. 

FIGS. 2 to 4, of the strength increasing agents of the present 
invention, show the strength increasing action of strength in 
creasing agents obtained by the combination of sulfur-con 
taining acid and ammonia, that is, of ammonium salts of sul 
fur-containing acid. FIG. 2 shows the relationships between 
the strength of the heat-treated cloth and the temperature of 
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heat treatment in the cases where two pieces of viscose rayon 
diagonal cloth are individually soaked in aqueous solutions of 
two strength-increasing agents such as ammonium sulfate and 
ammonium sulfate containing 15 weight percent of the later 

tion of ammonium bisulfate, dried and allowed to stand at 
room temperature for 1 day or more without any further 
processing. In the heat treatment of cellulose ?ber or the 
products thereof treated with ammonium bisulfate, such brit 

described flame-resistance-improving agent of diammonium 5 tle action may be involved in a series of steps of soaking, dry 
hydrogen phosphate, the adhesion percentage of the former ing and heat treatment, resulting in the reduction of the 
strength increasing agent is 41.6 percent and that of the latter strength of starting material ?ber or the products thereof. 
is 44.8 percent (which is the total adhesion ratio of ammoni- After all, the highly strong heat-treated ?ber or the products 
um sulfate and diammonium hydrogen phosphate) and both thereof may not be obtained. 
soaked pieces of cloth are individually heattreated in nitrogen 10 Since ammonium bisul?te Contains asidic H in its molecule. 
atmosphere for 1 hour. It is recognizable from FIG. 2 that if it shows the same behavior as ammonium bisulfate and has 
cellulose is treated with ammonium sulfate, the decomposition substantially the same strength increasing action as ammoni 
of cellulose initiates at a temperature relatively lower than Hum bisklffiie 

_ 

that of the case of cellulose being nontreated and that the 15 The strength increasing action of ammonium sa|t-nitrogen~ 
strength of heat-treated cloth extremely decreases within a containing base (excluding ammonia)system strength increas 
temperature range of 160° to 180° C. However, when the tem- ing agent in the heat treatment in air is described below. 
perature of heat treatment exceeds 180° C., the strength of Firstly, the relationship between the adhesion percentage of 
heat-treated cloth is recovered to a large extent and the heat such a strength increasing agent to cellulose ?ber or the 
treatment at a temperature of above 200° C. affords the ex- 20 product thereof and the obtained strength of heat-treated 
tremely large strength. Such a decomposition behavior of cel- fiber or ‘the products thereofis mentioned. 
lulose as above is also obtained in the same way in the case of Table I shows the results when viscose rayon diagonal cloth 
pyrolysis of cellulose treated with other strength increasing (thickness: 0.5 mm.) is treated with strength-increasing agents 
agent. in contrast, as is clear from FIG. ll, the pyrolysis of cel- of ammonium imidosulfonate and ammonium imidosulfonate 
lulose nontreated with a strength increasing agent excludes 25 urea (weight ratio; 2:1) system, and heattreated in air at 250° 
such a phenomenon, the strength simply decreases in the tem- C. for 2 hoursr'and further at 300° C. for 2 hours. The results in 
perature range measured, and the heat treatment at a tem- this table shows that, in the case of single employment of am‘ 
perature of above 200° C. where the heat treatment of the monium imidosulfonate, the strength oil‘ heat-treated cloth in 
present invention gives the high strength, simply affords the creases together with the increase of the adhesion amount. In 
low strength. 30 contrast thereto, in the case of ammonium imidosulfonate 

FIGS. 3 and 4, when viscose rayon diagonal cloth is soaked urea system, although the strength increases together with the 
in each aqueous solution of ammonium sulfate, ammonium increase ofadhesion percentage, the proportion ofincrease of 
sulfamate, ammonium imidosulfonate, ammonium bisulfate, strength is higher than the case of single ammonium imidosul 
ammonium sulfite and ammonium thiosulfate, and thereafter fonate. Mixture system may rather reduce the strength of 
heattreated in air at 250° for 2 hours and further at 300° C. for 35 heat-treated ?ber when the adhesion amount becomes large. 
1 hour, show the relationship between the adhesion percent- Such a phenomenon asithe strength decreasing at a high ad 
age of each ammonium salt to the starting material diagonal hesion is also recognized in other ammonium salt-nitrogen 
cloth and the strength of heat~treated cloth. This ?gure, ex- containing system or the later mentioned sulfur-containing 
cluding the case of ammonium bisulfate, shows that the acid-nitrogen-containing base system strength increasing 
strength of heat'treated cloth increases in accordancevwith the 40 agent, and may be a general phenomenon of such cases. 

TABLE 1 

Adhesion percentage (por- 0 6.4 13.7 20.1) 33.2 52. ll 70.2 
Ammonium cent; . 

imidosul- {Tensile strength (kg/2.5 2.7-3.1 (1.0 8.1 12.1 12. 0 15.8 10.1 
Ionate. 0111.). 

Ammonium Adhesion percentage (per- 0 22.7 37.16 42.5 51.7 66.3 78.15 
imidosul~ cent). 
fonate {Tensile strength (kg/2.5 2.7-3.1 12.5 15.7 17.2 111.3 7.1) 2.2 
urea. cm.). 

increase of adhesion percentage of ammonium salt. 
In the case of ammonium bisulfate, when the adhesion per 

centage is higher than about 10 percent, the strength of heat‘ 
treated cloth decreases. Therefore, in the case of using am 
monium bisulfate, the soaking treatment should be carried out 
so as to give about 10 percent of adhesion percentage. It is 
considered that such behavior of ammonium bisulfate is due 
to its brittle action against cellulosewthe action of acidic H 
existing in the molecule of ammonium bisulfate. For example, 

55 

Subsequently, with respect to the ammonium salt»nltrogen 
containing base system strength increasing agent. the in 
fluence of the mixing proportion thereof on the strength of 
heat-testes! Cloth. is <i¢ssribsd-, 

Tables 2 and 3 show the results when viscose rayon diagonal 
cloth is treated with strength increasing agent prepared by 
mixing urea, thiourea or triethanol amine with ammonium 
sulfate, ammonium sulfamate or ammonium imidosulfonate 
and thereafter heattreated in air at 250° C. for 2 hours and 

viscose rayon cloth tnolders if it is soaked in an aqueous soluj 60 further at 300°C. for 2 hours. 

TABLE 2 

'1‘ruatn1autwlth strength increasing agent Hoot-treated cloth 

'l‘onsllo 
Adhesion strength 

percentage (longi 
’l‘otul (percent) of Adhesion lloutlug tlullnal) l‘llnuuutlon 

tulhnslon umtnonlum percentage wolght (kg/2.6 Gourd» 
Mixing ratio of basin to percentage lznido- of baso loss um. 01' tutllllnl) 
mnluonlum salt (wright. ratio) (percent) sultonnto (percent) (percent) width) (percent) 

N oil-treated ......................................................... . . 75-70’ 2. 7--3. 1 5. 2-5. ti 
Ammonium imld ‘ulfouattuuroa: 

100:0 . . . _ , _ . . _ . . . _ _ . _ _. 25.5 25.5 0 63 11.7 11.0 

82. 7 25. '2 6. 5 61 11. 2 11. 6 
37. 6 25.1 12. 5 5'2 15. 7 12.1) 
[30. 0 20.1 21. S 65 12. I 10.4 
64. 0 32. 0 32. 0 55 10. 8 I0. I) 
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'I‘ABLF. 2-- Continued 

’l‘rual.nleul. with strength increasing ugeni. Heat-treated cloth 

Tunsllo 
Adlmslon strength 

percentage (longi 
’l‘u1.ul (percent) of Adhesion Hunting iudlmil l'llon 'utlon 

adhesion ammonium percentage weight. (kg/2.5 longi 
Mixing ratio of base to > percentage imido- of base loss cm. of tudiunl) 
am in onlum salt (weight ratio) (percent) sullonnto (percent) (percent) width) (percent) 

Ammonium imldo5ul10natc:thi0- M 
urea: 

100:1! . . . . 2 . . . . . . . . . . _ 2 . . . . . . . _. 28.7 28.7 0 63 lLh 115.‘ 

100:25 35.3 28.2 7.1 53 11.8 10.0 
100: 50 42. 5 28. 3 14. 2 50 15. 0 11.0 
100: 75 52. 2 29. 8 22. 4 411 11. 5 S. ‘3 
100:100 ............. .. .. .. 68. 0 34. 4 34. 5 4e 10. o 11.0 

Ammonium imidosuli‘onate: tri 
cthanolamino: 

24. 0 19. 2 4. 8 61 12. 7 1). T 
31. 6 21. 1 10. 5 58 3. 8 5. 5 
42. 1 24. 0 18. 1 57 4. 7 5. 1) 
50. 9 25. 5 25. 4 57 2. e 1. 2 

TABLE 3 

Treatment with strength increasing agent Heat-treated cloth 

Tensile 
Adhesion _ strength 

Total per- Adhesion (longi- Elon 
adhesion eentage of percent- Heating tudinal) gation 

per- ammonium age of weight (kg/2.5 (longi 
Mixing ratio of base to centage s t base loss cm. of tudinal) 
ammonium salt (weight ratio) (percent) (percent) (percent) (percent) width) (percent) 

Non-treated ___________________________________________________________ _ _ 75-76 2. 7-3. 1 5. 2-5. G 
Ammonium sulfatezurea: 

100:0 _ _ _ _ _ _ _ . . . _ _ _ _ . _ _ _ _ _ _ 24. 4 24. 4 0 (i3 10. 5 11.1) 

31. 3 26. 1 6. 2 51) 13. 1 16. 2 
34. 11 23. 3 11. 6 50 14. 8 16. 0 
45. 7 26. 1 19. 6 58 13. 4 15. 8 
51. 0 25. 5 25. 5 57 12. 4 15. 6 

24. 4 24. 4 0 61 8. 8 12. (i 
31. 7 25. 4 6. 3 51 17. 1 14. 3 
37. 4 24. 9 12. 5 51 11. 6 13. 4 
44. 0 25. 2 18. 8 49 12. 8 13. 2 
53. 2 26. 6 26. 6 48 11. 1 13. 4 

The results in Tables 2 and 3 show that, in the case of using 40 Ammonium bisulfate-urca system 
singly ammonium sulfate, ammonium sulfamate or ammonium 
imidosulfonate, the strength of heat-treated cloth increases by 
about three times as much as the strength of heat-treated cloth 
obtained from the nontreated starting material cloth. in the 
cases of adding urea, thiourea or triethanolamine to the 
above-mentioned ammonium salts, the strength increasing ac 
tion in every case is larger than that of the corresponding case 
of single ammonium salt employment. At a suitable mixing 
ratio, the strength of heat-treated cloth increases by four times 
or more as much as that of the case without such a treatment, 
and decreases via the maximum value when the mixing ratio is 
changed. 

FIG. 5 shows the cases of mixing urea, thiourea or 
triethanolamine with ammonium sul?te and mixing urea with 
ammonium bisulfate. FIG. 5, when viscose diagonal cloth is 
soaked in each aqueous solution of the above-mentioned 
strength increasing agents so as to produce almost constant 
adhesion percentage of ammonium salt and to vary the adhe 
sion ratio of the nitrogen-containing base, wrung, dried, and 
thereafter heattreated in air at 250° C. for 2 hours and further 
at 300° C. for 1 hour, shows the relationship between the 
strength of heat-treated cloth and the composition of each 
strength increasing agent. Provided that, in the said heat treat 
ment, the adhesion percentages of ammonium salt to the start 
ing material cloth, with respect to each strength-increasing 
agent, are as follows: 

adhesion percentage of 
ammonium sul?te 

13.0% 

adhesion percentage of 
ammonium sul?tc 

17.571 

Ammonium sul?te-ureu system 

Ammonium sul?te-lhiourea system 

Ammonium sulfitc-tricthunoluminc 
system adhesion percentage 

nl‘amrnonium sul?tc 
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adhesion percentage of 
ammonium bisulfate 

- 23.5% 

As is clear from FIG. 5, the above-mentioned systems of the 
combination of an ammonium salt and a base also differ from 
each other in their strength increasing action, but all of these 
exhibit strength increasing action. In addition, the effect of 
such a base as urea or the like on the strength increasing ac 
tion of ammonium salt is clearly recognizable. That is, the 
strength increasing action of these systems relates to the mix 
ing proportion thereof. With respect to the system of ammoni 
um salt and urea or thiourea, as the proportion of base in 
creases the strength increasing action thereof is strengthened. 
When the molar ratio of base to ammonium salt is from 0.75 
to 1.00, a peak of strength increasing action is obtained. and 
the strength increasing agent of this molar ratio gives high 
strength to heat-treated cloth by 4 to 7 kg. higher than the 
case of using singly ammonium salt. , 
With respect to ammonium sul?te-triethanolamine system, 

when the mixing ratio of triethanolamine is 1.00 or higher by 
molar ratio, the effect of base which promotes the strength in 
creasing action of ammonium sul?te appears. 

it is noteworthy that, as is clear from FIG. 4, the strength in 
creasing action of ammonium bisulfate, which is weaker than 
that of ammonium sul?te, ammonium thiosulfate or the like is 
extremely strengthened by the addition of base to said am 
monium bisulfate so as to give the strength-increasing action 
which is comparable to the strength increasing action of am 
monium sul?te, ammonium thiosulfate or the combinations of 
these ammonium salts with a base. This is because that acidic 
H in an ammonium bisulfate molecule, which seemingly exerts 
deterioration or brittle action to cellulose ?ber materials, is 
neutralized by such a base as urea or the like to form the salt 
thereof, therefore, the thus produced salt behaves in the same 
way as such a neutral salt as ammonium sul?te or the like. and,. 
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in addition, the effect of base obtained when such a base as 
urea is added to such a neutral salt as ammonium sul?te, am 
monium thiosulfate or the like is exhibited. 

in the case of adding such a base as urea or the like to am 
monium bisul?te which contains acidic H in its molecule as 5 
ammonium bisulfate does and simply exerts strength—increas 
ing action comparable to that of ammonium bisulfate, almost 
identical strength increasing action can be obtained. 

in the ease of using ammonium thiosulfate as the ammoni 
um salt, the effect of base almost identical with that of the 
cases of other ammonium salt can be obtained as well. The 
case of ammonium thiosulfate-base system is to be described 
in examples below. 
With respect to the above-mentioned ammonium salt-base 

strength increasing agents, the most effective base, when com 
bined with ammonium salt, is urea and thiourea. 
Triethanolamine, guanidine and triethylamine, in this case, 
belong to a second class as the compound exerting the base ef 
fect. Dicyandiamide, dicyandiarnidine, aniline, pyridine and 
the like belong to the group of compounds exerting relatively 
low base effect. 

Subsequently, the strength increasing action of the system 
comprising a sulfui'»containing acid and a nitrogen~containing 
base other than ammonia is described. H6. 6, when viscose 
rayon diagonal cloth is soaked in a respective aqueous solu 
tion of sulfuric acid~urea system (molar ratio; 1:2.75), sulfuric 
aeid-thiourea system (molar ratio; l:l ), sulfuric acid 
triethanolamine system (molar ratio; 1:3), sulfuric 
acid~guanidine ([hll~l:C(Nll-IZ)Z]Q'HQSO,, ), 
acid-ethylenediamine ((NHQCHQCl-IZNHZ)g'lriz?Ol) and sul 
furic aeid-dicyandiamidine ((NHQCShll‘ll‘lHCOhll-l,)zzlizS?y 
21-130), wrung, dried and thereafter heat-treated in air at 250?’, 
C. for 2 hours and further at 300° C. for 1 hour, shows the 
relationship between the adhesion percentage ofeach strength 35 
increasing agent and the strength of heat‘treated cloth. FIG. 7, 
when viscose rayon diagonal cloth is soaked in each aqueous 
solution of sulfuric acid-urea system, sulfuric acid-thiourea 
system and sulfuric acid~triethanolamine system strength in— 
creasing agents so that the adhesion percentages of sulfuric 4O 
acid, which are the acid component of the said strength in 
creasing agents, are almost constant such as 15.0 percent, 
1 L3 percent and 5.9 percent, respectively, and so that the ad 
hesion percentages of base components thereof are varied, 
and thereafter heattreated in the same manner as above, 
shows the relationship between the mixing ratio of each 
strength increasing agent and the strength of heat~treated 
cloth. 
‘FIG. 8 shows the case of sulfamic acid base system. MG. 8 

when viscose rayon diagonal cloth is soaked in an aqueous 
solution of respective strength increasing agent prepared by 
mixing urea, thiourca or triethanolamine with sulfamic acid at 
respective suitable mixing ratio and subsequently heat-treated 
in air at 250° for 2 hours and further at 300° C. for 1 hour, 55 
shows the relationship between the strength of heat-treated 
cloth and the composition ofthe above-mentioned strength in— 
creasing agent, wherein’ the “adhesion percentage of the 

25 

sulfuric 3, 

min 

adhesion percentage of sulfamic acid almost constant (about 
20 percent) and the adhesion percentage of base varied. With 
respect to sulfamic acid~urea system, the case where the adhe~ 
sion percentage of sulfamic acid is about 40 percent is also 
shown. In the ?gure, F represents this case. 
The above-mentioned FIGS. 6 to it show the fact that, in the 

case of such strength increasing agents, the strength of heat 
treated cloth also relates to the adhesion percentage of 
strength increasing agent and to the composition thereof, as in 
the case of the aforesaid single ammonium salt system or am 
monium salt-nitrogen-containing base system. 
That is, with respect to the relationship between the adhe~ 

sion percentage and the strength, H6. 6 shows that the 
strength of heat-treated cloth increases in harmony with the 
increase of adhesion percentage of strength increasing agent 
and that, when the adhesion percentage exceeds a certain 
value, the strength gradually or suddenly decreases. ln the 
case of sulfamic acid-urea system, FIG. ti shows that, within a 
certain mixing range, sulfamic acid with 40 percent adhesion 
percentage exerts stronger strength increasing action than that 
with 20 percent aehesion percentage. 
Moreover, with respect to the relationship between the 

composition of strength increasing agent the strength, FIGS. "7 
and 8 show that, with respect to every strength increasing 
agent, the most suitable or preferably mixing ratio exists. 
The strength increasing agent of sulfurous acid-base system 

behaves in the same way as that of sulfuric acid-base system 
and exerts almost identical strength increasing action. This is 
described in examples below. 

in FlG. ti, when base is not added at all, but when sulfamic 
acid is singly used, ‘the strength of heat-treated cloth is small. 
This fact is seemingly because that sulfamic acid may deteri~ 
“orate the starting material cloth during the sulfamie acid soak 
ing step or a series of steps after the said soaking step. 
With respect to the strength increasing agents of sulfur~eon~ 

taining acid-nitrogen~containing base (excluding ammonia) 
system, if urea, thiourea, guanidine, triethanolamine or the 
like as a nitrogen-containing base is combined with a sulfur 
containing acid, extremely or relatively strong strength in 
creasing action can be exerted. in contrast thereto, dicyandia~ 
mide, dicyandiamidine, triethylamine, aniline, pyridine or the 
like belongs to a compound which exerts relatively weak 
strength increasing action. 
The strength increasing agents described in detail above 

exert strength increasing action even if the heating at 
mosphere is changed from air to an inert. atmosphere. Further, 
the effectiveness of said action is also almost identical. Table 4 
is an example which shows this fact, and shows the results 
when viscose rayon diagonal cloth is treated with an aqueous 
solution of treating agent of ammonium imidosulfonate and 
urea with a weight ratio of 2:1 so as to make the adhesion per 
centage thereof4i.l percent and thereafter heattreated in air 
and in nitrogen which is an inert atmosphere. in addition, for 
comparison, the case where the nontreated viscose rayon 
diagonal cloth is heattreated under the identical conditions is 
815,9 shown- . 

TABLE 4 

Heat-treated cloth 

Tensile 
Shrinking strength 

Heating Heating percentage (longi 
‘ conditions Strength weight longi- tudinal) Elon» 

Heating ~-_ ————— ~~ increasing loss, tudinai), (kgJ gutlon, 
atmosphere ° (J. H rs treatment percent percent 2.5 cm) percent 

. 40 T 15.1 it’! 
Ml. 25" 48 iii 17 1 1m 
‘ -------- " 300 as 2t) as its 

6t) 26 13.!) 17.7 
.\7 It 10.‘.1 6.3 250 

, 4.1 ll) 20.8 14.5 
MMWLMM‘ W, 76 15 13.4 11.3 

' till ll 12,4 16.1] 

rtlivnirtli inert-rising agent of respective mixing ratio to the "table 4 shows the fact that, in this case, even i!‘ the at 
.slartlup umtrriul diagonal cloth is controlled so in»: to main: the 7-” mosphcre of heat treatment is air or nitrogen, almost similar 
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strength increasing actions ‘are exerted. Other strength ink-n 
creasing agents of the present invention act in the same way as 
the above-mentioned strength increasing agent of ammonium 
imidosulfonate-urea system. This fact is clari?ed by examples 
below. The in?uence of the atmosphere at heat treatment is 
described a little additionally. ln the heat treatment at such a 
high temperature as l,000° C., for example, the heat treat 
ment in an inert atmosphere affords the stronger strength to 
heat-treated cloth than that in an oxidative atmosphere. 
As an inert gas, helium, argon, carbon dioxide or the like 

may be used, in addition to nitrogen. 
The present inventors, by heat-treating cellulose fiber or the 

products thereof, precedingly treated with a kind of strength 
increasing agents, in air within a temperature range of 200° to 
350° C. and then further heattreating the thus heat-treated 
?ber or the products thereof in an inert atmosphere at a tem 
perature of up to about 1,000° C., have succeeded in the 
production of stronger carbonlike ?ber or the products 
thereof than the heat-treated substances under the same con‘ 
ditions of nontreated cellulose ?ber. This process, however, 
requires the heat-treatment for a long period of time, for ex 
ample, 2 hours at 250° C. andfurther l to lioggsgat 300° C., 
in order to avoid the rapid oxidative combustion in the heat 
treatment at a temperature of 200° to 350° C. in air and to ob 
tain the high strength of heat-treated substances, and thus 
requires total 3 to 4 hours as the heat treatment time. A 
process employing the heat treatment in an inert atmosphere 
after the heat treatment in air as in the above-mentioned 
manner requires two types of furnaces or two steps of heat 
treatment, and is not an industrial satisfactory process 
although this process affords highly strong carbonlike ?ber or 
the products thereof and highly ef?ciently produces the same 
as compared with the conventional technique for the produc 
tion of carbonlike ?ber. 

In contrast thereto, the process for carbonizing cellulose 
fiber or the products thereof of the present invention wherein 
cellulose ?ber or the products thereof are treated with a kind 
of the above-mentioned strength increasing agents, thereafter 
the thus treated ?ber or the products thereof are converted to 
carbonlike substances by the heat treatment at a temperature 
of up to about l,000° C. in an inert atmosphere and if necessa 
ry, the thus heat-treated ?ber or the products thereof are car 
bonized or graphitized by the further heat treatment at a tem 
perature of higher than about 1,000° C. in an inert at 
mosphere, as is clear from examples shown below, enables the 
production of highly strong carbonlikc ?ber, and further ex 
cellent carbon ?ber, graphite ?ber or the products thereof by 
the heat treatment with such a high heating rate as l to 5° 
C./1nin. over the temperature range offrom room temperature 
to l,000° C., and does not require two types of'furnaces or two 
steps of heat treatment. Thus, this process is an industrially ex 
tremely advantageous process. , I 

In view the fact that the treated substance with a strength in 
creasing agent of the present invention, even when heated at 
any heating rate, always exerts higher strength and results in 
higher yield than the nontreated substance, when the two are 
compared at the same heating rate it is self-evident that the 
heating rate of the said treated substance is not necessarily 
limited within the above-mentioned heating rate. In general, 
since heat treatment at a lower heating rate results in heat 
treated fiber or articles thereof having higher strength, it is 
natural that not only this invention is restricted to said heating 
rate, but also this invention includes the case of heat treatment 
at a heating rate of less than l° C./min. 
Carbon fiber or graphite ?ber with a carbon content of 

about 95 percent or above can be produced by heattreating 
the carbonlikc fiber prepared according to the above-mew 
tioned process of the present invention (carbon content: up to 
about 90 percent) at a temperature of higher than about 
l,()00° C. according to the conventional process. Even in this 
case, however, if the highly strong carbonlike ?ber produced 
by the process of the present invention is used as the starting 
material, the stronger carbon ?ber or graphite fiber than the 
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conventional carbon or graphite ?ber can evidently be ob‘ 
tained. 

in case the present invention is applied for the industrial 
large-scale heat treatment, air incorporated in the heat treat 
ment furnace, air initially contained in the cloth or oxygen 
contained in an inert gas may cause the deterioration of heat 
treated ?ber or the products thereof due to the oxidation by 
said air or oxygen. Such a heat treatment may often afford the 
lower strength to the heat-treated ?ber or the products thereof 
than the experimental heat treatment where the heat treat 
ment atmosphere is completely replaced by an inert gas, in 
order to avoid this disadvantage, the starting material ?ber or 
the products thereof may be soak-treated with a strength in 
creasing agent, to which is precedingly added such a com 
pound as ammonium phosphates, guanidine phosphate, alu 
minum ammonium sulfate, tetrakis hydroxymethyl phosphoni 
um chloride (THPC) and the like, which is called as a flame 
resistance-improving agent clari?ed in the present inventor’s 
invention relating to the process for the production of ?ame 
resistant ?ber. 
That is, as is clear from table 5, the soak treatment of the 

starting material cellulose ?ber or the products thereof with 
an aqueous solution of the above-mentioned compound called 
as a ?ame-resistance-improving agent, even if the thus soaked 
?ber or the products thereof are heated treated in air, affords 
the heat-treated ?ber or the products thereof which do not in~ 
volve not only the combustion but also the ember combustion 
and the reduction to ashes, in other words, the heat-treated 
fiber or the products thereof excellent in oxidation resistance. 
Accordingly, if the present invention is applied after treating 
cellulose ?ber or the products thereof with a treating agent 
prepared by adding the above-mentioned ?ame-resistance-im 
proving agent to a strength increasing agent of the present in 
vention having been described in detail, even if oxygen is con 
tained in an inert atmosphere, the heat-treated ?ber or the 
products thereof excellent in oxidation resistance due to the 
presence of flame-resistance-improving agent can be 
produced, and thereby the oxidative deterioration due to said 
oxygen or air contained in the starting material ?ber or the 
products thereof may be inhibited so as to give preferable 
results. 
Table 5 shows the results of the cases where diammonium 

hydrogen phosphate, triammonium phosphate, guanidine 
phosphate, THPC and aluminum ammonium sulfate are em 
ployed as a ?ame-resistance-improving agent. The case of am 
monium dihydrogen phosphate also exerts the identical ac 
tion. In this case, two kinds or more of ?ame resistance im 
proving agents may simultaneously be used, and the amount of 
addition thereof may be small as compared with that of 
strength increasing agent. 

TABLE 5 

Flame resistance improving agent Heat-treated cloth 

Tensile 
strength 

Adhesion (longi 
per- Weight tudmal) Flame 

centage, loss, kg./2.5 cm. resist 
Kind percent percent of width enco 

’ ___ 0 78 5.8 C None """""""""" " a 59 4.2 1; 
Diarnmonium hydrogen i6 52 3. I 

t . 24 48 2.2 A phospha e 32 38 1.5 A 

8 59 it 
Triammonium hos- 16 53 .‘ 
phate. p 24 46 2.‘) A 

32 40 2 
6B . Guanidine phosphate____.{ 1% G2 3_2 A 

i 8 69 2.6 A 
THPC ----------------- "i 16 51 as i 
luminum ammonium ' 8 68 i 

Asulfate. i 16 62 0.2 A 
NorE.~Startin material cloth: viscose rayon diagonal cloth ; conditions 

of heat trcatmontiz250° C. l hour plus 300° C. 2 hours (in air): 
A=not burning into i]. flame; no umber combustion; no reduction to 

ashes. 
B=not burning into a llama; no ember combustion; reducing to 

mates. 7 i 1 ‘ 
(i=n0t burning into n. Home; umber-burning; rrnluclng ,0 its 105. 
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The condition of heat treatment of the present invention~ 
should suitably be determined depending on the texture, 
shape, etc., of the starting material ?ber or the products 
thereof. For example, when a big rattan, thick woven stuff, 
thick nonwoven cloth or felting is heattreated, heat generated 
by the pyrolysis thereof is liable to be stored up inside the tex 
ture thereof, and thereby the abnormal heat generation is in 
volved so that the temperature controlling may sometimes 
become difficult. In this case, such a method as reducing the 
heating rate should be applied. 
The properties concerning the strength of heat-treated fiber 

or the products thereof obtained by the present invention, as 
mentioned above, depend on the kind of strength increasing 
agents, the adhesion percentage thereof, mixing ratio thereof, 
heat treatment conditions and so on, and in addition thereto, 
relates to the microstructure of starting material cellulose. 
That is, generally, the higher the degree of orientation ofstart 
ing material cellulose, the larger the strength of the heat 
treated ?ber or the products thereof and the smaller the elon 
gation thereof. The heat-treated ?ber of such a highly crystal- 
line cellulose ?ber as polynosic ?ber, cotton or the like is 
generally brittle, but such brittleness can be avoided if such 
crystalline starting material fiber is precedingly treated ac 
cording to such a known method as mercerization or the like 
to reduce the degree of crystallization thereof and then heat 
treated. 

Of the present invention, the starting material ?ber or the 
products thereof are not limited within the ?ber or the 
products thereof singly comprising cellulose fiber, but include 
the fiber or the products thereof which is prepared by mixing 
such a known ?ber able to be carbonated by pyrolysis as 
polyacrylonitrile ?ber, polyvinylalcohol ?ber or the like with 
cellulose ?ber. Of the present invention, cellulose ?ber in 
cludes not only the ?ber singly comprising cellulose ?ber but 
also all of the ?bers composed of the every above-mentioned 
materials, and represents every kind of the above-mentioned 
?bers. 
As is described in detail above, the present invention, in the 

production of carbonlike ?ber, carbon ?ber, graphite ?ber or 
the products thereof from cellulose ?ber, enables the prepara 
tion of carbonlike ?ber or the products thereof having the 
strength several times higher than the case ofusing nontreated 
cellulose ?ber as a starting material even at a temperature of 
200° to 500° C. which belongs to the most dangerous tempera 
ture range wherein the mechanical properties of the car 
bonated fiber may be deteriorated, by precedingly treating 
cellulose ?ber or the products thereof with a strength increas 
ing agent provided for in the present invention or a treating 
agent prepared by adding a flame resistance improving agent 
to said strength increasing agent, and subsequently by heat 
treating the thus treated ?ber or the products thereof at a tem 
perature of up to about 1,000“ C. in an inert atmosphere, and 
thereby, enables the highly ef?cient production of carbon 
fiber, graphite ?ber or the products thereof having the further 
higher strength than that of the conventional art, by the heat 
treatment of carbonation or graphitization at further higher 
temperature. 
The present invention is further described below in ac~ 

cordance with examples, but the present invention naturally is 
not limited by these examples. 

EXAMPLE 1 

By soaking viscose method cellulose ?ber (5.5 d; tensile 
strength (dry): 10.7 g.; tensile tenacity (dry): 1.9 g./d; elonga 
tion: 21.3 percent) in an aqueous solution of ammonium 
sulfate with a concentration of 400 g./l., wringing the thus 
soaked ?ber with a wringing percentage of 100 percent and 
drying the wrung ?ber at [20° C. for l5 minutes, cellulose 
fiber having the adhesion percentage of ammonium sulfate of 
40 percent was prepared. Thereafter, said cellulose ?ber and 
nontreated cellulose fiber were individually placed in a 
respective sealed container replaced by nitrogen and heat 
trcated by elevating the temperature, at a heating rate of 5“ 
C/min. to 400° and 600° C. respectively. 
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ll All 
Meanwhile, by heating the above-mentioned cellulose ?ber 

in air at 250° C. for 2 hours and further at 300° for 1 hour, the 
heat-treated ?ber in air was prepared, and further the thus 
heat-treated fiber was placed in a sealed container replaced by 
nitrogen and heated at a heating rate of 5° C./min. to 400° and 
600° C., respectively. 
The following table shows the thus obtained results, wherein 

A represents the heat-treated ?ber obtained by directly heat 
ing the treated cellulose ?ber in nitrogen; B represents the 
heat-treated fiber obtained by heattreating the nontreated cel~ 
lulose ?ber in the same manner as A; and C represents the 
heat-treated fiber obtained by heating the treated cellulose 
fiber in air and thereafter in nitrogen. That is, A is prepared by 
the process of the present invention; B, by the conventional 
method; and C, by other process of the present inventors‘ in 
Mention-,7 

Temperature 

400“ 0. 600° C. 

Fiber 

Measurement A B C A B 0 

Heating weight loss (percent) ..... __ 43.7 81.2 ____ .. 51.9 86.!) ____ H 
Shlrinklng percentage (percent).___ 19.7 39.2 ____ __ 23.3 42.0 ____ .. 
Tensile strength (dry) (g.)_ _______ H 3,85 1.09 4.63 4.62 0.53 5.23 

(percent) _______ __ ‘.1. 14 Elongation (dry) 3.23 4.60 5.20 1.53 1.17 

in comparing A with B, A has about 40 percent higher yield 
than B and the tensile strength of A is -4 to 9 times higher than 
that of B. Subsequently, in comparing A with C, this measu re 
ment shows that the tensile strength of C is 15 to 25 percent 
higher than that of A. However, if the fact that A is four to 
nine times stronger than B is taken into consideration, it can 
be deduced that A and C have almost comparable strength. 
Meanwhile, in comparing the heat treatment time ofA with 

that of C, in order to attain 600° C., A merely requires 2 hours 
but C requires total 4 hours (3 hours in air plus 1 hour in 
nitrogen). That is, it can be deduced that A is a far more 
highly ef?cient process than C. 

EXAMPLE 2 

Two pieces of diagonal cloth comprising viscose rayon ( l .5 
d.) spun yarn (thread density: longitudinal, 36 threads/2.5 cm. 
of width, transverse, 36 threads/2.5 cm. of width; weight: 280 
g./m.2) were respectively soaked in (A) an aqueous solution of 
ammonium sulfate (concentration: 400 g./l.) and in (B) a 
mixed aqueous solution of ammonium sulfate (concentration: 
400 g./l.) and diammonium hydrogen phosphate (concentra 
tion: 70 g./l.), the thus soaked two pieces of diagonal cloth 
were wrung at a wringing percentage of 100 percent and sub 
sequently dried at 80° C. so as to obtain two kinds of treated 
cloth wherein the adhesion percentage of solid content of (A) 
was 41.6 percent and that of(B) was 44.8 percent, respective 
ly. Subsequently, these two kinds of treated cloth were in 
dividually charged in a stainless steel cylinder equipping a 
nitrogen charging inlet and an opening connected with a 
vacuum pump and the air in the cylinder was replaced by 
nitrogen by the several times repeated evacuation and 
nitrogen introduction. Thereafter the cloth in the cylinder was 
heated at a heating rate of 5° C./rnin. to the desired tempera 
ture, heattreated at the said temperature for 1 hour, and then 
cooled down to normal temperature, and the heat-treated 
sample was taken out. After washing and drying, the thus heat~ 
treated samples was examined with respect to their weight 
loss, shrinking percentage, tensile strength and elementary 
analysis. For comparison, nontreated cloth was also heat 
treated in the same way as above, and this is represented by 
(C). 
The obtained results are shown in the following tables. As 

compared with nontreated cloth (C), the heat-treated cloth 
obtained by the heat treatment of diagonal cloth soaked in 
ammonium sulfate solution (A) exhibits higher strength at any 
temperature and possesses both low weight loss and shrinking 
percentage, and thus yield thereof is high. In comparing single 
ammonium sulfate system (A) with ammonium sulfatcadlann 
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monium hydrogen phosphate mixture system. the mixture 
system (B) affords lower weight loss and higher yield than sin 
gle system (A). 

IIEA'I‘ TREATMENT 01*‘ AMMONI‘UM S11 
IN NITROGEN 

Diagonal cloth comprising viscose 

lvlmtsuronwnt 

'l‘nnsllu 
Hhrlnk- stt'nngih 
lug [)11t'< (longl 
unnlngo 11111111111) 

'l‘rnn- Wulghl. (longl- huh/2.5 l?loinnulnry ltllltlYHlH 
pvrn~ loss turllnnl) (‘.lll. o)‘ > Ash, 
turn 1 pvrnnnl. [)111‘1511111. M11111 (1 ll 1) N ‘1 pnrcnn l. 

121), (1.1) 11.11 37. 1 43.1 11. 34 411.112 1) 1) 1). 11 
141). 1). 7 11.8 27.11 43. (111 11.34 41). 51 1) 11.17 11.42 
1111)_. 12. 5 15.14 5. i) 42. 711 11. 01) 47.111) 11.113 0.1)“ 1. 93 
1111). 11). 5 111. 7 4. 5 42.1111 11.1111 47. 214 11. 71) l. 111 2.114 
2()0_ _ 211. 7 5.4 111. 7 511.23 4.121 211. 12 It. 74 3. ()2 0.1111 
221). 25. l 4. 7 17. 2 511.014 4.27 27. H1) 11. 15 2. 84 1). 87 
241)_ 28. 1 (1. 1) 17.1% 61). 152 4. 24 25.1)11 7. 32 2. 27 1). 3!) 
251).. 31. 2 7. 2 15.11 111.118 4. ()8 24. 111) 7. 2H 2. ()1) 0. 27 
2110 _ _ . . .. 32. 8 7. 4 15. 11 (11). 74 4. 12 25. 411 7. 11 2. 111 1). 31) 
281). 36. 7 1'1. 4 14. 1) 114.118 3.117 22. 31 7. 71 l. 27 (l. 28 
3011.. 3.‘). 7 11). 1) 111. 3 115. 41) 3.112 22. 12 7. 011 1. O3 0. 311 
321)... 41.11 111. 11 14. 4 57.1111 3. H1 11). 71) 7. 71 1). 77 1). 23 
3011.. 43. 11 11. 5 14.2 71). 41) 8.117 17. 34 7. 57 1). 611 1). 34 
401), . _ . 411.11 13.1) 12. 1 72. 42 3.111) 15. 21) 7. 711 0.51) 1). 43 
5111).. 54.11 18. 2 l1). 1) 77. 84 3. ()1 11). 43 7. [)1) 1). 43 1). 31) 
1i1l1)__. 58. 4 21). l 7. 4 82. O4 2. 54 7. 12 7.1111 1). 21 1). 21 
800__ 113. 4 26. 5 11.11 88.1.11 1. 44 3.111) 4. (l3 1). 113 1). 35 
1,001). . 71). 3 27.11 0.11 111.11) 1. 11) 5.1111 1. 44 11.114 1). 27 
("). . 38.11 10.7 11 5 117.13 :1. 110 10.111) 11.57 11. 1111 0.1111 
“R ___________.a _..___ ___________ 

1 01 heat. treatment, ‘’ C. 
" Conditions of heat treatment 250° C. X 2 hours plus 300° 

llEA’l‘ TREATMENT 1N NITROGEN or‘ oLoTn TnuATun‘ mono?lament: 1.5 wiTn MIXTURE SYSTEM '1‘ 30 

"l‘ompcraturo 

1 ()fhcui;11111111110111, ‘’ (1. 
‘Conditions 011111111. l.rr\.ntnn'n1.250° (,1. X 2 hours plus 300° (J. X l 110111v (in nitrogen). 

EATING AGEN’I‘ (l1) 

G. X 1 hour (in nitrogen). 
N...” _, 

36 threads/2.5 cm. 

16 
EXAMPLE .1 

rayon (denier o1‘ 

d) spun yarn (thread density: longitudinal, 
of width, transverse, 36 threads/2.5 cm. of 

Measurement width; weight: 280 g./m.2) was soaked in an aqueous solution 
" " ' ' “W "' Tmén'n' of‘ each strength increasing agent, and the thus soaked cloth 

‘ _ strength was wrung at a wringing percentage of 100 percent and sub 
35 sequently dried at 80° C. for hours. Subsequently the thus 

Weight (longl- ken/2.5 ‘ treated cloth was charged m a stainless steel cylinder 

I , permit: equipping a nitrogen-charging inlet and an opening connected 

——— ‘——~——-—~——~___ with a vacuum pump, and the an in the cylinder was replaced 

(3)12 1(7):}; 1&3 by nitrogen by the several times repeated evacuation and 
13.1)! 40 nitrogen introduction. Thereafter the cloth in the cylinder was 

59:: _ 6"“ 18:5 heated at a heating rate of 5° C./m1n. up to 500° C. and to 
‘211.11 7.2 111.5 1,000° C., and heattreated at t e said temperatures for 1 hour. 

For comparison. nontreated cloth was also heattreated 1n the 
33.1 11.1) 111.7 same way as above The obtained results are shown in the fol 

4; lowing table These results show that the cloth treated with 
311:2 11:11 11112 0' such a strength increasing agent gives higher strength and 

higher yield than the cloth which is not treated with such a ‘18:5 10:11 11.5 strength increasing agent. 52.1 18.3 11.0 

{.11- ,1 32".‘; 3'? 50 EXAMPLE 4 
37'd—~———l-l~'i 121-5 The same starting material diagonal cloth as in example 3 

HEAT 'l‘ltEA’I‘MEN’l‘ 1N NITROGEN O11‘ NON-TREATED CLOTH 

141).. . .. . 

1 (>1 hunt. trnutinunt ° (1. 

‘ Conditions 011111111; 1rnutunn1t250° (7 X 2 hours plus 300° C. X 1 hour (111 nitrogen). 

Sizn‘tingvloth. . 
I20. . , 

Mmrsnruinunl. 

Sin-inking 'l‘onslln 
por~ strength 

uontugn (longh 
Wolghl (longl~ Ludlnal) l?lonwninry nnnlysls-~ 

loss, tutllnal) kg./2.6on1. ~--~~— ~~——--~— - Ash. 
percent pot't‘cnl. o1‘ wld 1.11 11 1) pnruunI. 

. . 55. 4 43. 12 11. 53 511. 15 0. 21) 
1). 4 0.1) 55. 1 43. 33 11. 511 41). 81) 1]. 22 
1). 7 (l. 7 511.1) 43. 21) 1). 57 41). 111 1). ‘.23 
1). 7 1). 7 511. 2 43. 33 0. 68 41). 73 1). 31 
1. 1 11.1) 54.1) 43. 72 11.113 41). 51) 11. 21 
1.11 1. 4 54. 4 43.115 11. 57 48. 111) 1]. 211 
3. 5 1). 7 41.1 44. 411 11. 55 48. 1113 1). 311 
4. 1 (1.1) 37. 3 44. 511 11.113 411. 41 1). 15 
4.1) 1). 7 11. 5 411. 37 11. 41) 411. 41 1). 73 

23. 2 1. 3 ll. 8 48. 41) 11.41 44. 711 1). 31 
118. (i 16. 2 l1. 2 71. 03 5. 4O 22. 13B 0. 8.‘) 
75. 4 15). 1) l). 3 71. 58 5.14 22.15 1.13 
110. 2 23. 0 1). 8 76. 115 4. 82 17. O0 1. 23 
80. 1 25. 1) 6. 7 76. 00 4. 56 18. 37 1. 07 
83. 3 26. 2 (l. 1) 86. 35 3. 78 8. 27 1. 61) 
84. 1 32. 1) (l. 4 92. 25 2.112 3. 67 1. 113 
85. 3 34. 5 1). 5 H4. (14 1. 61 "X 43 1. 32 
85. 3 32. O 0. 6 94. 111 1. 21) 1. 32 1. 35 
BR. 4 33. 3 3. 2 9G. 11 1). 63 1. 67 2. 10 

. 74. 5 17. 0 10.1 71.111 5. ‘.30 1.2.111 0. 71 

was soaked in an aqueous solution of treating agent compris~ 
ing 1,000 g. of ammonium sulfate. 500 g. of urea. 75 g. of 
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Temperature 01 heat treatment 

500° C. 1000° C. 

. Tensile Tensile 
Adhesion stron th strength, 

por- Weight kg. 2 5 Weight kg./2.5 
centago, ‘loss, cm. of loss, cm. of 

Measurement . percent 1 percent width percent width 

Hlrmlulll llmrmmlng agent 
Nun’! .. . . ,.~ . _ 0 ‘ 83.3 0.86 88.4 3.10 

Ammonium uultanmtc . . . . . . . . 50. 5 5S. 0 7. 24 71. 3 5. 2-1 

Anminnium lmlrlouulfonate .. 59. 2 53. 0 8. 00 69. 3 9. 0O 
Ammonium sulfite. . . . . ._ 40.3 57.3 7. 53 72. 3 8. 53 
Ammonium Lhlosullate ..................... .. 66. 6 52. 3 6.83 67. 8 7. 32 
Ammonium sulfate-aniline (2:1 weight ratio)“ 41. 1 48. 7 7. 78 68. 3 8. 81 
Ammonium blsultete-urea (1:1 molar ratio) .. .. 38.0 63. 0 7. 65 72. 1 8.70 

‘ Ammonium sul?te~triethanolamine (1 : 1.25 
molar ratio).. _ . . . _ _ . _ . . _ . _ . . . . . . . _ . .- 52.6 53. 3 7. 90 74. 9 8. 91‘ 

Ammonium thlosulfate-ur molar ratio). 37. 4 52.1 7.01 71. 3 8. 64 
Ammonium sulfamete-urea (4:1 weight ratio). 40. 3 53. 8 7. 44 70. 1 9, 05 
Ammonium imidosulfonate-thiourea (2:1 
weight ratio) .............................. . . 50. 0 54. 2 8. 11 72. 6 9. 77 

Sulfuric acid-urea (1 :2.75 molar ratio)- . . __ 39. 6 52. 5 8. 23 68. D 11. 56 
Sulfuric aciu-thiourea. S1: 2 molar ratio) ...... . . 34. 3 55. 3 4. 32 70. 2 6. 32 
Sulfuric acid-triathano amine (1:3 molar 

ratio) ..................................... .. 33. 4 57. 3 5. 25 74. 2 8. 42 
Sulfuric acid guanidlne ..... .. .. . 24. 7 55. 3 6. 93 71.8 7. 98 
Sullruie aoid.ethylenediamine ______________ .. 23. 1 59. 8 2. 80 75.0 3. 98 
Sulfamic aoid-triethanolamine (1:1 molar 3 

ratio) ..................................... _ . 38. 7 52. 3 5. 21 68. 8 7. 34 
Sull'amic'acid-aniline (1:1 molar ratio) ...... __ 53. 4 52. 3 3. 84 70. 5 5. 24 
Sulfamic acid-ditzyandiamine. (1:1 molar ratio). , 32. 4 53. 5 4. 12 75. 0 5. 12 

tetrakis (hydroxymethyl)phosphoniuinrchloride and 3,500 cc. 
of water, wrung by a mangle and then dried so as to obtain 
treated cloth with the adhesion percentage .of solid Component . 
being 50.4 percent. Subsequently, the thus treated cloth was 
charged in the same stainless steelcylinder as in example 3, 
after replacing the air in the cylinder by nitrogen, heated at a 
heating rate of 5‘? C./min. up to 500° C. and l,000° C. and 
heattreated at each temperature ‘for 1 hour. The weight loss 
and tensile strength of the heat-treated cloth obtained are as 
follows: 

The heat-treated cloth at 500° C. 
Weight loss: 48.5 percent; 
Tensile strength: 8.62 kg./2.5 cm. of width 
The heabtreated cloth at l,000° C. 
Weight loss: 70.8 percent; 
Tensile strength: 10.32 kg./2.5 cm. ofwidth. 

EXAMlfLE s 

The same starting material diagonal cloth as in example 3 
was‘soaked in an aqueous solution of treating'agent compris 
ing 410 g. of sulfurous acid (net weight in sulfurous acid 
water), 750 g. of urea, 30 g. of diammonium hydrogen 
phosphate and 2,000 cc. of water, wrung by mangle and then 
dried so as to obtain the treated cloth with the adhesion per 
centage of solid component being 34.3 percent. Subsequently, 
the said treated cloth was heated in nitrogen up to 500° and 
1,000’ C. and heattreated in the same manner as in example 3. 
The weight loss and tensile strength of heat-treated cloth ob 
tained are as follows: 
The heat-treated cloth at 500° C. 
Weight loss: 54.1 percent; 
Tensile strength: 8.50 kg./2.5 cm. ofwidth 
The heat-treated cloth at l,000° C. 
Weight loss: 69.9 percent, 
Tensile strength: 10. ll kg./2.5 cm. ofwidth. 

EXAMPLE 6 

A bundle of viscose rayon ?ber (denier of mono?lament: 
5.5 d; tensile strength: 1.9 g./d; elongation: 21.3 percent) is 
soaked in an aqueous solution of ammonium sulfate (400 
g/l. )_ lhereul‘ter wrung and dried to obtain a bundle oftrcnted 
fibers with the adhesion percentage of ammonium sulfate 
being 59.3 percent. Subsequently, this bundle oftreuted fibers 
was heattreated in nitrogen by elevating the temperature at a 
rate of 1° C./min. over a‘ range of from room temperature to 

220° C., at a rate of 3° C./min. over a range of from 220° to 
600° C. and at a rate of5° CJminfover a range of from 600” to 

_> 1,000“ C. so as to obtain abundle of carbonlike ?bers having a 
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tensile strength of 3.3 g./d, elongation of 1.7 percent and car 
bon content of 90.3 percent. Subsequently, this bundle of car 
bonlike ?bers was suspended perpendicularly in a graphite 
tube~shaped heatingbody (Tamnan furnace) having internal 
diameter of 2 cm. and heating portion length of 40 cm., a 
weight was suspended at the lower terminal of said bundle as a 
load of6.0 mg./d and the air in said heating body was replaced 
by argon. Thereafter, saidrtreated bundle of fibers was heated 
in order to elevate the temperature from l,000° to 2,800°C. in 
about 2 hours and further heattreated at 2,800° C. for l5 
minutes. As the results, highly strong, ?exible, heat resisting, 
excellent graphitelike ?ber having a tensile strength of 3.5 
g./d, elongation of 0.49 percent, Young’s modulus of l8,200 
kgJmm.2 and carbon content of 99.9 percent was obtained. 

A bundle of the same starting material ?bers as in example 6 
was soaked in an aqueous solution of treating agent compris-l 
ing 490 g. of sulfuric acid, 600 g. of urea and 2,500 cc. of 
water, thereafter wrung and dried so as to obtain a bundle of 
treated ?bers with the adhesion percentage of solid com 
ponent being 57.0 percent. Subsequently, this bundle of ?bers 
was heated in nitrogen up to l,000° C. and hcattreated in the 
same manner as in example 6 so as to obtain a bundle of car 
bonlike fibers with carbon content of 9 l .3 percent. 
Thereafter, this bundle of carbonlike ?ber was suspended in 
the same graphite heating body as that of example 6, heated in 
argon from L000” to 2,800° C. in 2 hours and heattreated at 
2,800“ C. for 15 minutes. The obtained heat-treated ?ber was 
graphitelike ?ber having a tensile strength of 3.61 g./d, elon 
gation of 0.45 percent, Young's modulus of 18,100 kgjmm.2 
and carbon content of 99.9 percent. 
What is claimed is: 
1. A process for carbonizing cellulose ?ber or the products 

thereof, which comprises the steps of: 
a. treating cellulose ?ber or the products thereof with a 

strength increasing agent selected from the group consist 
ing of (A) ammonium sulfate, ammonium bisulfate, am 
monium sul?te, ammonium bisul?te, ammonium 
thiosulfate, ammonium sulfnmatc. ammonium imidosul 
fonate, and mixtures thereof; (B) a mixture ofat least one 
compound selected from the group consisting of ammoni 
um sulfate, ammonium blsulfate, ammonium sul?te, am 
monium bisul?te, ammonium thiosulfate, ammonium 
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sulfamate, and ammonium imidosulfonate with at least 
one organic nitrogen base, and (C) a mixture of an or 
ganic nitrogen base and an acid selected from the group 
consisting of sulfuric acid, sulfurous acid and sulfamic 
acid; 

b. heattreating the product of step (a) in an inert at 
mosphere at a temperature of at least about 400° C. for a 
period of time sufficient to bring about carbonization. 

2. The process of claim 1 in which the strength-increasing 
agent includes a ?ame resistance improving agent. 

3. The process of claim 2 in which the ?ame-resistance-im 
proving agent comprises at least one compound selected from 
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20 
the group consisting of ammonium phosphate, guanidine 
phosphate, aluminum ammonium sulfate, and tetrakis 
(hydroxymethyl) phosphonium chloride. 

4. The process of claim 1 in which the strength-increasing 
agent is applied in the form of an aqueous solution. 

5. The process of claim 1 in which the heat treatment of step 
(b) is carried out at a heating rate of about 1° to about 5° C. 
per minute. 

6, The process of claim 1 in which the heat treating is ef 
fected at a temperature increasing up to not less than about 
1,000° C. 

* * * * * 


