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[57] ABSTRACT 

Cellulose ?ber or the product thereofis treated with a strength 
increasing agent selected from the group consisting of (A) at 
least one compound selected from ammonium sul?te, am 
monium bisul?te, ammonium bisulfate, or ammonium 
thiosulfate; (B) a mixture of at least one compound selected 
from ammonium sulfate, ammonium bisulfate, ammonium 
sul?te, ammonium bisul?te, ammonium thiosulfate, ammoni 
um sulfate, or ammonium imidosulfonate with at least one or 

ganic nitrogen base; and (C) a mixture of an organic nitrogen 
base and an acid selected from sulfuric acid, sulfurous acid or 
sulfamic acid. 

6 Claims, 6 Drawing Figures 
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PROCESS FOR CARBONIZING CELLULOSE FIBER OR 
THE PRODUCTS THEREOF 

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 increasing agent 
and thereafter heat-treating the thus treated cellulose ?ber or 
the product thereof. 
More particularly, the present invention concerns a process 

for carbonizing cellulose ?ber or the product thereof charac 
terized by treating cellulose ?ber or the product thereof with a 
strength increasing agent comprising a speci?c compound or 
mixture mentioned below 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 
200° to 350°C. in an oxidative atmosphere and subsequently at 
a temperature of up to about l,000°C. in an inert atmosphere 
and further if necessary, 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 at 
mosphere. 
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 ?ax in a zinc chloride solution, extruding this 
solution in an alcohol coagulating bath to obtain a ?ber and 
heat-treating the thus obtained ?ber. Further, W.R. Whitrey 
showed in US. 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, those 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 becomes high 
and the mechanical properties are reduced. Thus those having 
passed through such a stage, even if heated at a further high 
temperature, do not afford high quality carbon ?ber or gra 
phite ?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, employs 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. 
l3,l l3/6l 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 heat 
ing rate of l00°C./hr. or less. 
The present invention is to provide a new process which im 

proves the above-mentioned conventional processes in the 
production of carbon-like ?ber, carbon ?ber, graphite ?ber 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 heat treat 
ment of cellulose ?ber or products thereof. 
Another object of the present invention is to provide a 

process for preparing highly reinforced ?exible carbon-like 
?ber, carbon ?ber, graphite ?ber or products thereof by treat 
ing cellulose ?ber or products thereof with the above-men 
tioned strength increasing agent in the heating treatment of 
cellulose ?ber or products thereof. 

Further another object of the present invention is to provide 
a process for highly increasing the strength of the heat-treated 
?ber or the products thereof in the heat treatment at a tem 
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2 
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. 

Further another object of the present invention is to provide 
an industrially extremely advantageous process which enables 
the heat treatment of high heating rate in the heat treatment of 
cellulose ?ber or the products thereof. 

In order to attain the above-mentioned objects, the present 
invention requires the treatment with a speci?c compound or 
mixture which is called a strength increasing agent. The 
strength increasing agent herein includes the following com 
pounds and mixtures: 

l. Ammonium sul?te, ammonium bisul?te, ammonium 
bisulfate and ammonium thiosulfate. 

2. A mixture of ammonium sulfate, ammonium bisulfate, 
ammonium sul?te, ammonium bisul?te, ammonium 
thiosulfate, ammonium sulfamate or ammonium imidosul 
fonate with the later-de?ned nitrogen-containing base. 

3. A salt obtained from sulfuric acid, sulfurous acid or 
sulfamic acid and the later-de?ned nitrogen containing base. 
With respect to the strength increasing agent of paragraphs 

(2) and (3), the nitrogen-containing base includes urea, urea 
derivatives, thiourea, thiourea derivatives and amines such a 
urea (CO[NH2]2), thiourea (CS[NH 212), guanidine 
(NI-I:C[NH22), dicyandiamide (NI-I2C:NH NH CN), dicyan 
diamidine (NI-IZC: NI-I NH CO NI-IZ), triethylamine ( [CQI-I5 
]3N), triethanolamine ([CH2 CH2 OH]3 N), 

pyridine aniline >—NH2) 
and the like. 
With respect to the above-mentioned strength increasing 

agent, the ammonium salt of paragraph (I) may be a mixture 
of two or more members thereof, and the strength increasing 
agent of paragraph (2) may be a mixture of one member of 
ammonium salts and two or more members of nitrogen-com 
taining bases or a mixture of two or more members of am 
monium salts and one or more members of nitrogen-contain 
ing bases. Further the strength increasing agent of paragraph 
(3) may be prepared by adding two or more members of 
nitrogen-containing bases to one member of acids or by ad 
ding one or more members of nitrogen-containing bases to 
two or more members of acids. 

With respect to a system comprising one member of acids 
and one member of nitrogen-containing bases and the above 
mentioned other combination system of one or more members 
of acids and one or more members of nitrogen~containing 
bases herein, the acid and nitrogen-containing base need not 
exist individually in a equimolar or equivalent amount, and 
one components thereof may exists in excess. 

Every above-mentioned strength increasing agent is 
generally used in a form of aqueous solution thereof in the 
treatment of cellulose ?ber or the products thereof. Ac» 
cordingly, the said strength increasing agent seemingly is im 
pregnated in and adheres to cellulose ?ber or products thereof 
in a form of a salt, a mixture of the salt and nitrogen-contain 
ing base or a mixture of the salt and acid. 

Figures 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; 

FIG. 2, the relationship between the strength of heat-treated 
cloth obtained and the adhesion percentage of ammonium 
bisulfate, ammonium sul?te and ammonium thiosulfate to the 
starting material cloth, in the heat treatment of viscose rayon 
cloth precedingly treated individually with ammonium 
bisulfate, ammonium sul?te and ammonium thiosulfate 
wherein a represents the case of ammonium sul?te, b the case 
of ammonium thiosulfate and c the case of ammonium 
bisulfate; 

FIG. 3, the strength of heat-treated cloth obtained and the 
composition of ammonium salt-nitrogen-containing base 
system strength increasing agent in the heat treatment of 
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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 ammonium sul?te-thiourea 
system, c the case of ammonium bisulfate-urea system and d 
the case of ammonium bisul?te-triethanol-amine system; 

FIG. 4, the strength of heat-treated cloth obtained and the 
adhesion percentage of sulfuric acid-nitrogen-containing base 
system strength increasing agent, in the heat treatment of 
viscose rayon cloth precedingly treated with the said strength 
increasing agent wherein a represents the case of sulfuric acid 
urea system, b the case of sulfuric acid~guanidine system, c the 
case of sulfuric acid-thiourea system, d the case of sulfuric 
acid-triethanolamine system, e the case. of sulfuric acid 
ethylenediamine system and f the case of sulfuric acid-dicyan 
diamidine system; 

FIG. 5, the relationship between the strength of heat-treated 
cloth obtained and the composition of sulfuric acid-nitrogen 
containing base system strength increasing agent in the heat 
treatment of viscose rayon cloth precedingly 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 and c the case of sulfuric acid-thiourea 
system; and 

FIG. 6, the relationship between the strength of heat-treated 
cloth obtained and the composition of sulfamic acid-nitrogen 
containing base system strength increasing agent, in the heat 
treatment of viscose rayon cloth precedingly treated with the 
said strength increasing agent, wherein a represents the case 
of sulfamic acid-triethanol amine system, b the case of sulfam 
ic acid-urea system, c the case of sulfamic acid-urea (40 per 
cent system and d the case of sulfamic 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 
fiber for a long period of time such as 1 hour or more, this ten 
dency is remarkable and the strength of ?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 tem~ 
perature of heat treatment when viscose rayon diagonal cloth 
is heated up to the speci?ed temperatures 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 and that an in?ection point of the strength exists 
in the vicinity of 280°C. 

In contrast thereto, the heat treatment of cellulose ?ber 
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 ?exible 
heat-treated ?ber having high strength at a temperature of 
280°C. or higher at which the heat treatment of cellulose ?ber 
not soaked in such a strength increasing agent simply gives ex 
tremely low strength, in other words, ?exible heat-treated 
?ber with low strength reduction, and in this case the strength 
increasing action of strength increasing agent relates to the ad 
hesion percentage of strength increasing agent to the starting 
material cellulose ?ber and the mixing ratio of ammonium salt 
and nitrogen-containing base or acid and nitrogen-containing 
base of the above-mentioned strength increasing agent of the 
present invention in the case of the strength increasing agents 
of paragraphs (2) and ( 3). Thus, by the above-mentioned 
?ndings, 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 an ammonium salt as ammonium nitrate, ammonium 
chloride, ammonium acetate, ammonium oxalate, ammonium 
formate, ammonium phosphorates or the like, or by such an 
ammonium salt as aluminum ammonium sulfate, nickel am 
monium sulfate or zinc ammonium sulfate which contains a 

15 

20 

25 

30 

35 

40 

45 

65 

75 

4 
metal atom in the molecule and that these ammonium salt, 
rather reduce the strength of heat-treated ?ber, it is con 
sidered that the compounds which exerts the strength increas 
ing action are only such speci?c compounds as those of the 
present invention. . 

Such strength increasing action of the strength increasing 
agent of the present invention, 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 start 
ing material ?ber or the products thereof being hardened too 
much resulting in the inconvenience in the handling thereof or 
as the soaking treatment becoming difficult, but the strength 
increasing effect is unaltered. 
When ammonium salt-nitrogen-containing base system or 

acid-nitrogen-containing base system is used as a strength in 
creasing agent, it is observed that the strength of heat-treated 
?ber or the products thereof increases in harmony with the in 
crease of the adhering amount of the strength increasing agent 
to the starting material ?ber or the products thereof but that, 
when the adhesion percentage of strength increasing agent ex 
ceeds a certain value, the strength of heat-treated ?ber or the 
products thereof decreases slowly or suddenly. With respect 
to such a strength increasing agent, the strength increasing ac 
tion thereof also depends on the mixing ratio of nitrogen-con 
taining base to acid or ammonium 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. 

Firstly, the strength increasing action of ammonium salt is 
described. FIG. 2, when viscose rayon diagonal cloth is soaked 
in each aqueous solution of ammonium bisulfate, ammonium 
sulfite and ammonium thiosulfate, and thereafter heat-treated 
in airat 250°C. for 2 hours and further at 300°C. for 1 hour, 
show the relationship between the adhesion percentage of 
each ammonium salt to the starting material diagonal cloth 
and the strength of heat-treated cloth. This ?gure, excluding 
the case of ammonium bisulfate, shows that the strength of 
heat-treated cloth increases in accordance with the increase of - 
adhesion percentage of ammonium salt. 

In the case'of ammonium bisulfate, when the adhesion per 
centage is not higher than about 10 percent, the strength of 
heat-treated cloth increases, but when it is higher than about 
10 percent, the strength of heat-treated cloth decreases. 
Therefore, in the case of using ammonium bisulfate, the soak 
ing treatment should be carried out so as to give about 10 per 
cent of adhesion percentage. It is considered that such 
behavior of ammonium bisulfate is due to its brittle action 
against cellulose the action of acidic I-I existing in the 
molecule of ammonium bisulfate. For example, viscose rayon 
cloth molders if it is soaked in an aqueous solution of ammoni 
um 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 brittle action may also be in 
volved in a series of steps of soaking, drying and heat treat~ 
ment, resulting in the reduction of the strength of starting 
material ?ber or the products thereof. After all, the highly 
strong heat-treated ?ber or the products thereof may not be 
obtained. ' 

Since ammonium bisul?te also contains acidic 1-1 in its 
molecule, it shows the same behavior as ammonium bisulfate 
and has substantially the same strength increasing action as 
ammonium bisulfate. 

Every ammonium salt mentioned above may be used in the 
form of mixture. In this case, since the strength increasing ac 
tion of each ammonium salt differs from each other, the said 
strength increasing action depends on the mixing ratio of each 
ammonium salt. However, this mixing does not recognizably 
exert an especial geometrical effect. 
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The strength increasing action of a mixture system of am 
monium salt and nitrogen-containing base, namely, a mixture 
system of ammonium sulfate, ammonium bisulfate, ammoni 
urn sul?te, ammonium bisul?te, ammonium thiosulfate, am 
monium sulfamate or ammonium imidosulfonate and each 5 
nitrogen-containing base, is described below. Firstly, the rela 
tionship between the adhesion percentage of such a strength 
increasing agent to cellulose ?ber or the product thereof and 
the obtained strength of heat-treated ?ber or the products 
thereof is mentioned. 10 
Table 1 shows the results when viscose rayon diagonal cloth 

(thickness : 0.5 mm) is treated with strength increasing agents 
of ammonium imidosulfonate and ammonium imidosulfonate 
urea (weight ratio ; 2:1) system, and heat-treated in air at 
250°C. for 2 hours and further at 300°C. for 2 hours. The 15 
results in this table show that, in the case ofsingle employment 
of ammonium imidosulfonate, the strength of heat-treated 
cloth increases together with the increase of the adhesion 
amount. In contrast thereto, in the case of ammonium 
imidosulfonate-urea system, although the strength increases 
together with the increase of adhesion percentage, the propor 
tion of increase of strength is higher than the case of single 
ammonium imidosulfonate. Mixture system may rather reduce 
the strength of heat-treated ?ber when the adhesion amount 
becomes large. 

20 

25 

6 
salt~nitrogen-containing base system or the later-mentioned 
acid-nitrogen-containing base system strength increasing 
agent, and may be a general phenomenon ofsuch cases. 

Subsequently, with respect to the ammonium salt-nitrogen 
containing base system strength increasing agent, the in 

TABLE 1 

Ammo- Adhesion!” 0 6.4 13.7 20.9 33.2 52.1) 70.2 
nium 
imidov 
sullonate. Tensile 

strength.2 2.7-3.1 6.0 81 12.1 12.‘) 1 19.1 
Ammo- Adhesion!” 0 22.7 376 42.5 51.1 (>68 78.8 
nium 
imido 
Sull'onate— Tensile 2.7-3.1 12.5 15.7 17.2 14.3 7.0 ‘3.2 
urea strength.2 

1 Percentage. 
Z Kg./2.5 em. ofwidth. 

?uence of the mixing proportion thereof on the strength of 
heat-treated cloth is described. 

Tables 2 and 3 show the results when viscose rayon diagonal 
cloth (thickness; 0.5 mm) is treated with a strength increasing 
agent prepared by mixing urea, thiourea or triethanol amine 
with ammonium sulfate, ammonium sulfamate or ammonium 
imidosulfonate, and thereafter heat—treated in air at 250°C. for 
2 hours and further at 300°C. for 2 hours. 

TABLE 2 

Treatment with strength increasing agent Heat-treated cloth 

Adhesion Tensile 
percent- strength 

age of Heating (longi- Elongation 
Total annno- Adhesion weight tudinal) (longi 

adhesion nium imi- pereent- loss (kg/2.5 tudinal) 
Mixing ratio of base to ammonium (percent- dosul- age of (percent- cm. of (percent 
salt (weight ratio) age) fonate base age) width) ago) 

Non-treated . _ a _ _ _ _ _ _ _ . . . c _ . _ _ . _ . . . . _ _ _ . _ . . _ _ _ _ . . . . . . . . . . . . . . . _ _ _ . . . . . . . . 75 ‘7h 2. 7-3. 1 5. 2-5. 1) 

Ammonium iinidosulfonate/urea: 
100: _______________ . _ 25. 8 25. 5 0 63 fl. 7 11. ‘J 

32.7 20.2 0.5 51 11.2 11.6 
37. (i 225. 12 5 52 15.7 12. t) 
50. El 2!). 1 ‘.21. 8 55 12. 1 10. 4 
(14.1] 32. U 32 0 55 10. 8 11). 0 

28. 7 28. 7 U 63 11. 6 11. 2 
35. 3 28. .2 7.1 53 11. 8 10. 0 
42. 5 28. 3 14. 2 50 15. 0 ‘J. U 
5.2. 2 2‘) 8 4 4‘.) 11. 5 8. ‘.2 
68.1) 34 4 34. 5 46 10, () 11.0 

Ammonium imidosnlionate/trietha 
nol amine: . 

‘.24. 0 19. 2 4. 8 61 12 7 l1. 4 
31.6 21.1 10.5 58 3 8 5.5 
42. 1 24. 0 18. 1 57 4 7 5. H 
50. E) 25. 5 25. 4 57 2 o 1. 2 

TABLE 3 

Treatment with strength increasing agent Heat—treated cloth 

Adhesion strength 
percent- Heating (longi~ Elongation 

Total age of Adhesion weight. tudinal) (longi 
' " adhesion ammo- percent» less kg./2.5 tudinal) 

Mixing ratio of base to ammonium (percent- nium age 01 (percent- cm. of (percent» 
salt (weight ratio) age) salt base age) width) age) 

Non~treated ____________________________________________________________ _ . 75-76 , 2. 7-3, 1 5. 25. 1'» 
Ammonium sulfate/urea: 

100:0 . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ o __ 24.4 24.4 0 63 10.5 11.11 

100225" 31. 3 25.1 15. 2 5'.’ 13.1 16. ‘.2 
100:50__ 34. 9 23.3 11. 6 5‘.) 14. 8 16. O 
100:75____ 45.7 26.1 10.6 58 13.4 15.8 
100:100 _ . _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _. 51,0 25.5 25.5 57 12.-l 15.6 

Ammonium sulfamate/nrea: 
100:0 _________________________ __ 24. 4 24. 4 0 61 8. 8 12.1) 

31. 7 25. 4 6. 3 51 17.1 14. 3 
37.4 24.9 12.5 51 11.6 13. 1 
44. [l 25. 0 18, 8 4!) 12. 8 13. 2 
53. 2 26. 6 26. 6 48 11.1 13. 4 

Such a phenomenon as the proportion of strength incre 
ment of mixture system being higher than the case of single 
ammonium salt system and as the strength decreasing at a high 

The results in Tables 2 and 3 show that, in the case of using 
singly ammonium sulfate, ammonium sufamate or ammonium 
imidosulfamate, the strength of heat-treated cloth increases by 

adhesion percentage is also recognized in other ammonium 75 about three times as much as the strength of heat-treated cloth 
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obtained from the non-treated starting materialcloth. In the 
case of adding urea, thiourea or triethanolamine to the above 
mentioned ammonium salts, the strength increasing action in 
every case is larger than that of the corresponding case of sin 
gle ammonium salt employment. At a suitable mixing ratio, 
the strength of heat-treated cloth increases by 4 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. 3 shows the case of mixing urea, thiourea or 
triethanolamine with ammonium sul?te and mixing urea with 
ammonium bisulfate. FIG. 3, when viscose rayon diagonal 
cloth is soaked in each aqueous solution of the above-men 
tioned strength increasing agents so as to produce almost con 
stant adhesion percentage of ammonium salt and to vary the 
adhesion ratio of base, 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 strength of heat 
treated cloth and the composition of each strength increasing 
agent. Provided that, in the said heat-treatment, the adhesion 
percentages of ammonium salt to the starting material 
diagonal cloth, with respect to each strength increasing agent, 
are as follows: 

Ammonium sulfite-urea system : adhesion 
percentage of ammonium sulfite 18.0% 

Ammonium sulfite-thiourea system : adhesion 
percentage of ammonium sulfite 17.5% 

Ammonium sul?te-triethanolamine system: , 
adhesion percentage ofammonium sulfite 16.0% 

Ammonium bisulfate-urea system : adhesion 
percentage of ammonium bisulfate 23.5% 

As is clear from FIG. 3, 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/2.5 cm of width 
higher than the case of using singly ammonium salt. With 
respect to ammonium sulfite-triethanolamine system, when 
the mixing ratio of triethanolamine is 1.00 or higher by molar 
ratio, the effect of base which promotes the strength increas 
ing action of ammonium sulfite appears. 

It is noteworthy that, as is clear from FIG. 2, 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 sulfite or the like, and, 
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. 
With respect to these strength increasing agents of mixture 

system, in the case of using ammonium thiosulfate as the am 
monium salt component, 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. I 
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8 
FIG. 3 shows the results of the case where the adhesion per~ 

centage of ammonium sulfite is from 16 to 18 percent, while, 
as is clear from FIG. 2, the strength of heat-treated cloth of the 
case of single ammonium sulfite system increases together 
with the increase of the adhesion percentage of said ammoni 
um sul?te to the starting material cloth. Thus, in this experi 
ment of FIG. 3, the treatment of further increasing the adhe 
sion percentage of ammonium sul?te may afford the further 
higher strength to the heat-treated cloth. However, as is 
deducible from the results in Table I, if the adhesion percent 
age is too high, the strength of heat-treated cloth rather 
decreases, and thus the adhesion percentage exceeding the 
limit should be avoided. The most suitable adhesion percent 
age of such a mixture system may easily be determined by ex 
periment. Other ammonium salt-base systems may be under 
the identical conditions, and the most suitable adhesion per 
centage with respect to each system may easily be determined 
by experiment. ' 

With respect to the above-mentioned ammonium salt-base 
system strength increasing agents, the most effective base, 
when combined 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, dicyandiamidine, aniline, pyridine and 
the like belong to the group of compounds exerting relatively 
low base effect. 
The above-mentioned ammonium salt-nitrogen-containing 

base system strength increasing agent is not limited within the 
mixture systems comprising only one member of ammonium 
salts and only one member of nitrogen-containing bases, but 
includes the systems obtained by mixing two or more members 
of nitrogen-containing bases with one member of ammonium 
salts and the systems obtained by mixing one or more mem 
bers of nitrogen-containing bases with two or more members 
of ammonium salts. 

Subsequently, the strength increasing action of the systems 
comprising sulfuric acid, sulfurous acid or sulfamic acid and a 
nitrogen-containing base is described. 

FIG. 4, when viscose rayon diagonal cloth is soaked in a 
respective aqueous solution of sulfuric acid-urea system 
(molar ratio; 1:2.75), sulfuric acid-thiourea system (molar 
ratio; 1:1), sulfuric acid-triethanolamine system (molar ratio; 
1:3), sulfuric acid guanidine ( [NI~I:C(NH2)2]2~H2SO,), sul 
furic acid ethylenediamine ( [NH2 CH2 ‘CH2 NH2]2-H2SO,) 
and sulfuric acid~dicyandiamidine ( [NI-IQCS NH NH CONHQ]2 
:I-I2SO4-2I-I2O), 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 of each 
strength increasing agent and the strength of heat-treated 
cloth. FIG. 5, 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 increasing agents so that the adhesion percentages of 
sulfuric acid which is the acid component of the said strength 
increasing agents, are almost constant such as 15.0 percent, 
1 1.3 percent and 5.9 percent, respectively, and so that the ad 
hesion percentages of base components thereof are varied, 
and thereafter heat-treated in the manner as above, shows the 
relationship between the mixing ratio of each strength increas 
ing agent and the strength of heat-treated cloth. 

FIG. 6 shows the case of sulfamic acid-base system. FIG. 6, 
when viscose rayon diagonal cloth is soaked in an aqueous 
solution of respective strength increasing agent prepared by 
mixing urea, thiourea or triethanolamine with sulfamic acid at 
respective suitable mixing ratio and subsequently heat-treated 
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 the above-mentioned strength in 
creasing agent, wherein the adhesion percentage of the 
strength increasing agent of respective mixing ratio to the 
starting material diagonal cloth is controlled so as to make the 
adhesion percentage of sulfamic acid almost constant (about 
20 percent) and the adhesion percentage of base varied. With 

nun»: ‘ 
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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, C represents this case. 
The above-mentioned FIGS. 4 to 6 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, FIG. 4 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. In the 
case of sulfamic acid-urea system, FIG. 6 shows that, when the 
mixing molar ratio of urea to sulfamic acid is about 0.5 to 1.5, 
preferably about 0.8 to L5, sulfamic acid with about 40 per 
cent adhesion percentage exerts stronger strength increasing 
action than that with about 20 percent adhesion percentage. 
With respect to the relationship between the composition of 

strength increasing agent and the strength, FIGS. 5 and 6 show 
that, with respect to every strength increasing agent, the most 
suitable or preferable mixing ratio exists. This most suitable or 
preferable mixing ratio is not necessarily limited within the 
ratio obtained when acid and base exist in equimolar amount, 
but includes the case where the acid or base exists in excess by 
molar ratio. 

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 FIG. 6, 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 sulfamic acid soak 
ing step or a series of steps after the said soaking step. 
The above-mentioned acid-nitrogen-containing base system 

strength increasing agent is not limited within the system com 
prising only one member of acids and only one member of 
nitrogen-containing bases, but includes the systems obtained 
by adding 2 or more member of nitrogen-containing bases to 
one member of acids and the systems obtained by adding one 
or more members of nitrogen-containing bases to two or more 
members of acids. 
With respect to the above-mentioned acid-nitrogen-con 

taining base system strength increasing agents, if urea, thiou 
rea, guanidine, triethanolamine or the like as a nitrogen-con 
taining base is combined with an acid, extremely or relatively 
strong strength increasing action can be exerted. In contrast 
thereto, dicyandiamide, dicyandiamidine, triethylamine, 
aniline, pyridine or the like belongs to a compound which ex 
erts relatively weak strength increasing action. 
With respect to the ammonium salt-nitrogen-containing 

base system strength increasing agents and acid-nitrogen-com 
taining base system strength increasing agents described in 
detail above, a nitrogen-containing base in itself, which is 
combined with acid or ammonium salt, does not possess 
strength increasing action. Further, even when the nitrogen 
containing base is combined with acid or ammonium salt, if 
the said acid component or ammonium salt component is 
hydrochloric acid, nitric acid, phosphoric acid, formic acid, 
acetic acid, tri?uoroacetic acid, ammonium nitrate, ammoni 
um chloride, ammonium acetate, ammonium oxalate, am 
monium formate or the like, the strength increasing action is 
not also exerted. Therefore, the above-de?ned acids or am 
monium salts which exert strength increasing action by the 
combination thereof with nitrogen-containing base are only 
such speci?c compounds as the acids or ammonium salts of 
the present invention. 

If cellulose ?ber or the product thereof is treated with a 
strength increasing agent which exhibits such an effect as 
mentioned above, even if heat-treated at any temperature, the 
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10 
higher strength is obtained than the heat-treated article of cel 
lulose ?ber or the product thereof which has not been treated 
with such a strength increasing agent. Such an effect is to be 
clari?ed in Examples described below. 
The present invention relates to a process for carbonizing 

the cellulose ?ber or the products thereof preceedingly 
treated with a strength increasing agent described in detail 
above by the heat treatment at a temperature of 200° to 
350°C. in an oxidative atmosphere and subsequently at a tem 
perature up to about 1,000°C. in an inert atmosphere and, if 
necessary, carbonizing or graphitizing the thus obtained car 
bonized ?ber or the products thereof by the further heat treat 
ment at a temperature not less than about 1,000°C. in an inert 
atmosphere. The above-mentioned treatment of starting 
material ?ber or the products thereof with a strength increas 
ing agent in advance to the heat treatment thereof enables the 
heat treatment at such a high heating rate as the heating up to 
a temperature of about l,O00°C.( in an inert atmosphere) after 
the heat treatment at a temperature of 200° to 350°C. in an ox 
idative atmosphere being 1° to 5°C/min, which has not been 
achieved in any way by the conventional processes. Thus, this 
is an industrially extremely advantageous process. In view the 
fact that the treated substance with a strength increasing agent 
of the present invention, even when heated at any heating 
rate, always exerts higher strength and results in higher yield 
than the non-treated 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 treating rate. In general, since heat treat‘ 
ment at a lower heating rate results in heat-treated ?ber or the 
products 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 heat-treating 
the carbon-like ?ber prepared according to the above-men 
tioned process of the present invention (carbon content: up to 
about 90 percent) at a temperature of higher than about 
1,000°C. according to the conventional process. Even in this 
case, however, if the highly strong carbon-like ?ber produced 
by the process of the present invention is used as the starting 
material, the stronger carbon ?ber or graphite ?ber than the 
conventional carbon or graphite ?ber can evidently be ob 
tained. 
The present invention, as is described above, affords a 

process for heat-treating the cellulose ?ber or the products 
thereof treated with a strength increasing agent, in at ?rst an 
oxidative atmosphere and subsequently at a higher tempera 
ture in an inert atmosphere, and the oxidative atmosphere 
herein is generally represented by air. As an inert gas, such 
known inert gases as nitrogen, helium, argon, carbon dioxide 
and the like may be used. 

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 fiber 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) 
phosphonium chloride (THPC) and the like, which is called as 
a ?ame resistance improving agent clari?ed in the present in 
ventor’s invention relating to the process for the production of 
?ame-resistant ?ber. 
That is, as is clear from Table 4, the soaking treatment of 

the starting material cellulose ?ber or the products thereof 
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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 involve not only the combustion but also the ember com 
bustion and the reduction to ashes, in other words. the heat 
treated ?ber or the'products thereof excellent in oxidation re 
sistance. 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 re 
sistance improving agent to a strength increasing agent of the 
present invention having been described in detail, even if ox 
ygen is contained in an inert atmosphere, the heat-treated 
?ber or the products thereof excellent in oxidation resistance 
due to the presence of ?ame 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 4 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, 2 kinds or more of ?ame resistance improv 
ing agents may simultaneously be used, and the amount of ad 
dition thereof may be small as compared with that of strength 
increasing agent. 

TABLE 4 

' Heat-treated cloth 
Flame resistance ~~~~ —-———————————— 

improving agent Tensile strength 
-—~--——~—--—-——-————-~—— Weight (longitudinal) Flame 

_ Adhesion loss (kg/2.5 cm. resist 
Kmrl percentage (percent) olwidth) ance 

Nrmr: _____________ ._ 0 78 5.8 C 
8 6!) 4.3 A 

lu'ummoniumhy- 16 52 3.5 A 
tlrogcn phosphate. 24 48 2.2 A 

32 38 1.5 A 
8 5!) 2.1 A 

'I‘riammonium l6 ‘ 53 2.3 A 
phosphate ______ _. 24 46 2.9 A 

32 40 2.5 A 
Guanidine { 8 68 3.1 A 
phosphate ______ _.i 16 3.2 A 

, , v 8 2.6 A Tmc ----------- --t 16 51 3.8 A 
Aluminum nnnno- i 8 68 3.1 A 
nium sulfate .... ..l 16 62 3.2 A_ 

Note: Starting material cloth, viscose rayon diagonal cloth. Condi 
tions of heat treatment: 250° C., 1 hour plus 300° C., 2 hours (in air). 
Flnnn‘ resistance: A. not burning into a ?ame, no ember combustion, no 
reduction to nslnts; B, not burning into n ?ame, no ember combustion, 
{vdufing to ashes; 0, not burning into a ?ame, ember-burning, reducing 
it) HS 1(‘5. 

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 heat-treated, heat generated 
by the pyrolysis thereof is liable to be stored up inside the tex 
ture thereof, and thereby the abnormal vheat 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 ?ber 

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 
relate to the micro-structure of starting material cellulose. 
That is, generally, the higher the degree of orientation of start 
ing material cellulose, the larger the strength of the heat 

0 products thereof are not limited within the ?ber or the > 
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treated fiber 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 ?ber is precedingly treated ac 
cording to such a known method as mercerizetion 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 singly comprising cellulose ?ber, but include 
the ?ber or the products thereof which is prepared by mixing 
such a known ?ber capable of being carbonated by pyrolysis 
as polyacrylonitrile ?ber, polyvinylalcohol ?ber or the like 
with cellulose ?ber. Of the present invention, cellulose ?ber 
includes not only the ?ber singly comprising cellulose ?ber 
but also all of the ?bers composed of the every above-men 
tioned materials, and represents every kind of the above-men 
tioned ?bers. 
As is described in detail above, the present invention, in the 

production of carbon-like ?ber, carbon ?ber, graphite ?ber or 
the products thereof from cellulose ?ber, enables the prepara 
tion of carbon-like ?ber or the products thereof having the 
strength several times higher than the case of using non 
treated cellulose ?ber as a starting material even at a tempera 
ture of 200° to 500°C. which belongs to the most dangerous 
temperature range wherein the mechanical properties of the 
carbonated ?ber 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 ?ame resistance improving agent 

. to said strength increasing agent, and subsequently by heat 
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treating the thus treated ?ber or the products thereof at a tem 
perature of 200° to 350°C. in an oxidative atmosphere and 
thereafter at a temperature of up to about 1,000°C. in an inert 
atmosphere, and thereby, enables the highly ef?cient produc 
tion of carbon ?ber, graphite ?ber or the products thereof 
having the further higher strength than that of the conven 
tional art, by the heat treatment of carbonation or graphitiza 
tion at a 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 ’ 

Diagonal cloth comprising viscose rayon ?ber (denier of 
mono?lament: 1.5 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”) was soaked in an aqueous solution 
dissolving ammonium sul?te and ammonium dihydrogen 
phosphate (30 weight percent based on the weight of ammoni 
um sul?te), and the thus soaked cloth was wrung at a wringing 
percentage of l00 percent and subsequently dried at 80°C. for 
3 hours so as to obtain a treated cloth having an adhesion per 
centage of solid component being 57.6 percent. The thus 
treated cloth was heated-treated in air in a hot wind drying 
oven at 250°C. for 2 hours and further at 300°C. for 1 hour, 
and thereafter the thus heat-treated cloth was washed and 
dried. The thus obtained heat-treated cloth in air had a weight 
loss of 52.1 percent, a tensile strength of 20.2 kg/2.5 cm. of 
width and the above-de?ned ?ame resistance being A, and 
was the heat-treated cloth excellent in durability to oxidation 

Subsequently, the said heat-treated cloth in air was 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 re 
peated evacuation and nitrogen introduction. Thereafter the 
cloth in the cylinder was heated at a heating rate of 5°C/min. 
up to 1,000°C, and heat-treated at the said temperature for 1 
hour. The thus obtained heat-treated cloth had a weight loss of 
52.7 percent (based on the weight of the above-mentioned 
heat-treated cloth in air) and a tensile strength of 6.66 kg/2.5 
cm. of width. 
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In contrast thereto, the non-treated said starting material 
diagonal cloth was also heat-treated in air in the same way as 
above (weight loss : 72.0 percent tensile strength: 6.4 kg/2.5 
cm. of width), and thereafter the thus heat-treated cloth was 
heated in nitrogen up to 1,000°C. and heat-treated at this tem 
perature for 1 hour. The thus obtained heat-treated cloth had 
a weight loss of 53.6 percent (based on the weight of the heat 
treated cloth in air) and a tensile strength of 1.8 kg/2.5 cm. of 
width. 

EXAMPLE 12 
The same starting material diagonal cloth as in Example 1, 

was soaked in an aqueous solution of treating agent compris 
ing 1,000 g. of ammonium sulfate, 500 g. of urea, 75 g. of 
tetrakis (hydroxymethyl) phosphonium chloride and 3,500 
c.c. 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 
heat-treated in air in the same way as in Example 1 so as to ob 
tain heat-treated cloth in air having a weight loss of 53.7 per— 
cent, a tensile strength of 18.8 kg/2.5 cm. of width and the 
?ame resistance being A. Thereafter, the said heat-treated 
cloth in air, in the same way in nitrogen as in Example 1, was 
heated at a heating rate of 5°C/min. up to 1,000°C. and heat 
treated at this temperature for 1 hour. The thus obtained heat 
treated cloth had a weight loss of 52.1 percent (based on the 
weight of the above-mentioned heat-treated cloth in air) and a 
tensile strength of 9.84 kg/2.5 cm. ofwidth. 

EXAMPLE 3 
The same starting material cloth as in Example 1 was 

soaked in an aqueous solution of treating agent comprising 
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 a mangle and then dried so as to 
obtain the heat-treated cloth with the adhesion percentage of 
solid component being 34.3 percent. Subsequently, this 
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at a heating rate of 5°C/min. up to l,000°C. and heat-treated 
at this temperature for 1 hour. The results are shown in the 
following table. 

Heat-treated cloth 
at 1,0005 f‘. 

Strength increasing agent ~~——~~A——~— —~~» '7 

Tensile 
Adhesion weightless strength. 
pcrccnt- perccnt- kg./2.5 t'm. 

Kind age ago of width 

Ammonium sulfate-aniline 
(weight ratio; 2: 1) ____________ _ _ 41. 1 7. 13 5. (J5 

Ammonium sulfamatc-urea 
(weight ratio: 4:1) ____________ __ 40.3 73.1 7. 71 

Ammonium imidosulfonatethio. 
urea (weight ratio; 2: 1) _______ __ 50. 0 74. 3 11.03 

Ammonium thiosulfatc-urca 
(molar ratio; 1:1) _____________ _ _ 37. 4 43. 7 7. 514 

Ammonium sullitotricthanol 
amino (molar ratio; 1:1.25)____. 52.11 75. 5 3. 40 

Ammonium hisnlfntc-urca 
(molar ratio; 1:1) __________ _. 35. 0 74.1 >*. 01 

EXAMPLE 5 

The same starting material diagonal cloth as in Example 1 
was soaked in an aqueous solution of each strength increasing 
agent, taken out, wrung and dried. Thereafter, the thus treated 
cloth was heat-treated in a hot wind drying oven under the 
same conditions as in Example 1, and then the thus heat 
treated cloth was washed and dried so as to obtain the heat 
treated cloth in air having the ?ame resistance of B. Sub 
sequently, this heat-treated cloth in air was charged in the 
same stainless steel cylinder as that of Example 1, the air in 
which was then replaced by nitrogen, thereafter heated at a 
heating rate of 5°C/min. up to 1,000°C. and heat-treated at 
this temperature for 1 hour. The results are shown in the fol 
lowing table. Provided that the weight loss of heat-treated 
cloth at 1,000°C. is a value based on the weight of heat-treated 
cloth in air. 

llcat~trcatcd cloth Heat-treated cloth 
Strength increasing agont in air at 1,000" (1. 

'l‘onsilo 'l‘onsilo 
strength Weight strength 

_ Adhesion Weight kg./2.5 cm. loss kg./2.5 cm. 
Kind percentage loss of width (percent) of width 

Ammonium sul?to ____________________________ __ 40. 3 54. 5 11.3 53. 3 15. 53 
Ammonium thiosull‘ato ________ ._ . 66. 6 35. 8 1G. 3 58. '2 1'». 00 
Ammonium bisulfatc ____________ _. _ 11. 5 61.7 11. 2 57. 4 3. 60 
Sulfuric acid-urea (molar ratio 122.75) _ _ _ 39. 6 44. 7 25. 4 53. U s. '20 
Sulfuric acid-thiourea (molar ratio 1:2) ________ __ 34.3 48. 8 10. 6 53. 5 4. 58 
Sulfuric acid triethanolamino (molar ratio 1:3)___ 33.4 56. 2 15.0 57. S 4. 61 
Sulfuric acid-aniline (molar ratio 1:2) __________ __ 25. 1 60. 6 8.4 56.0 ‘2. 56 
Sulfuric acid.guanidinc ________________________ _ . 24. 7 52. 1 16. 0 52.11 6. 23 
Sulfuric acidethylenediaminc" ___________ .. 16.0 59. 4 10.6 52. 3 3. '28 
Sulfuric acid dicyandiamidine . _ . . _ _ _ _ . . _ _ t _ . 13. 9 61. 5 8.7 57. 7 '1. I14 

Sulfamic acid-aniline (molar ratio 1:1) _________ ._ 53. 4 37. 3 13. 9 53. 8 5. ‘23 
Sulfamic acid-tn'ethamol amine (molar ratio 1:1. _ 38. 7 46. 8 16. 0 55. 3 5. 83 
Sulfamic acid-dicyandiamidc (molar ratio 1:1)___ 32. 4 45. 1 13. 4 53. 5 4. T2 

55 EXAMPLE 6 treated cloth was heat-treated in air in the same way as in Ex 
ample 1 so as to obtain the heat-treated cloth in air having a 
weight loss of 44.6 percent, a tensile strength of 18.8 kg/2.5 
cm. of width and the ?ame resistance of A. Thereafter, the 
said heat-treated cloth in air, in the same way in nitrogen as in 
Example 1, was heated up to l,0O0°C. and heat-treated at this 
temperature for 1 hour. The thus obtained heat-treated cloth 
had a weight loss of 51.7 percent (based on the weight of the 
above-mentioned heat-treated cloth in air) and a tensile 
strength of 9.73 kg/2.5 cm. ofwidth. 

EXAMPLE 4 
The same starting material diagonal cloth as in Example 1 

was soaked in each aqueous solution of strength increasing 
agents, taken out, wrung and dried. Thereafter the thus 
treated cloth was heat-treated in a hot wind drying oven under 
the same conditions as in Example 1, and then the thus heat 
treated cloth was washed and dried so as to obtain the heat 
treated cloth in air having the ?ame resistance of B. Sub 
sequently, this heat~treated cloth in air was charged in the 
same stainless steel cylinder as that of Example 1, the air 
therein was then replaced by nitrogen, and thereafter heated 

60 

Viscose rayon tow (denier of mono?lament: 5.5 d) was 
soaked in an equeous solution of treating agent comprising 
1,000 g of sulfamic acid, 600 g of urea and 5,000 cc. of water, 
wrung by a mangle and then dried so as to obtain treated tow 
with the adhesion percentage of 62 percent. Thereafter the 

._thus treated tow was heat-treated in air at 220°C. for 1 hour, at 
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250°C. for 2 hours and further at 300°C. for 1 hour so as to ob 
tain heat-treated tow in air having a heating weight loss of 41 
percent. Meanwhile, the above-mentioned starting material 
tow which has not been soak-treated with the above-men 
tioned treating agent was also heat-treated in the same way as 
above so as to obtain the heat~treated tow in air with a heating 
weight loss of 68 percent. 

Subsequently, the thus obtained 2 kinds of heat-treated tow 
in air were individually charged in a stainless steel cylinder, 
the air in which were replaced by nitrogen. The said cylinders 
were placed in an electric furnace, then heated individually at 
such a kinds of heating rates as (A) 8°C/min. at temperatures 
of below 500°C. and 2°C/min. at temperatures of above 
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500°C. and (B) 8°C/min. at temperatures of below 500°C. and 
5°C/min. at temperatures of above 500°C. up to 400°C., 
600°C, 800°C. and 1,000°C., and heat-treated at each tem 
perature for 1 hour. Thereafter, while introducing nitrogen, 
the cylinder was cooled, and when the temperature thereof 5 
became room temperature, the heat-treated substance were 
taken out of the cylinder. The results were shown in the fol 
lowing table. At every heat treatment temperature, the sample 
treated with the above-mentioned strength increasing agent 
possesses higher strength than the non-treated sample. 

16 
passing through the zone at 220°C. and the zone at 260°C. in a 
continuous heating furnace equipping infrared heaters so that 
the total passing time is 1.5 hours. Subsequently, this bundle 
of heat-treated ?ber in air was charged in the same stainless 
steel cylinder as in Example 1, the air in which was sufficiently 
replaced by nitrogen, thereafter, in the same manner as in Ex 
ample 7, heated up to 1,000°C. and heat-treated at this tem 
perature to obtain a bundle of carbon-like ?ber with a carbon 
content of 92.8 percent. Thereafter, the said bundle of car 
bon-like ?ber was suspended perpendicularly in a graphite 

Heat treatment temperature ________________________ __ Heat 
treated 

' tow in air 400° C. 600° C 800° C. 1,000° C. 

Heating rate _____________________________________________ _ _'_ ____ _ _ A A B A B A B 

Treatment with strength increasing agent ........... _. (1) (2) (l) (2) (1) (2) (1) (1) (1) (Z) (l) (1) (1) (z) (0 (7) 
Measurement: 

Heating weight loss (percent)- 16 13 35 42 31 41 48 49 44 47 57 57 57 55 
Shrinkage (percent) ________ _. 8 7 16 15 17 17 19 19 22 21 21 21 25 25 
Denier of mono?lament (d.)_ _ 3. 8 2. 3 3. 2 1. 9 2. 4 1. 8 2. 4 1. 7 2. 3 1. 8 2. 2 1. 7 2. 0 1. 8 1. 9 1. 6 

Drystrength (g./d.) ______________________ _. __ 1. 18 0. 40 1. 90 0. 98 2. 48 l. 68 2. 54 1. 78 2. 62 1. 80 2. 72 1. 80 2. 98 .00 3. l0 2. 20 
Dry elongation (percent) ________________________ __ 11. 5 10. 7 5. 5 7. 2 2.1 1.8 2.0 1.4 1. 3 1. 5 1. 5 2.0 1. 5 1. 3 1. 7 1. 8 

1 Done. 2 None. 0 _l_ W 

EXAMPLE 7 25 tube-shaped heating body, a ‘weight was suspended at the 
Diagonal cloth (thread density: 41 X 30 threads/in ; 

thickness : 0.77 mm) comprising strong rayon yarn (denier : 
1.79 d X 750 ?lament ; tensile strength : 3.55 g/d. ;elongation 

: 17.9 percent) was soaked in an aqueous solution of ammoni 
um sul?te with a concentration of 400 g/l, wrung by a mangle 
and then dried so as to obtain treated cloth with the adhesion 
percentage of ammonium sulfite being 37.2 percent. The thus 
treated cloth was heat-treated in air by passing through the 
zone at 220°C. and the zone at 260°C. in a continuous heating 
furnace equipping infrared heaters so that the total passing 
time is l.5_hours, then washed and dried. The thus obtained 
black heat-treated cloth had a tensile strength of 27.5 kg/2.5 
cm. of width, and the elementary analysis thereof was as fol 
lows. 
C=60.2% H=3.1% 
N=l0.0% S=1.6% 
Subsequently, this black heat-treated cloth was charged in 

the same stainless steel cylinder as in Example 1, the air in 
which was sufficiently replaced by nitrogen so as to remove 
the air contained in the said heat-treated cloth, thereafter 
heated at a heating rate of 2.5°C/min. up to 600°C. and at 
5°C/min. over a temperature range of from 600° to 1,000°C, 
and heat-treated at 1,000°C. for 1 hour. The tensile strength of 
heat-treated cloth obtained was 18.5 kg/2.5 cm. of width. 
Moreover, the strength and elongation of the thread pulled 
out of this heat-treated cloth and the elementary analysis were 
as follows: 

Tensile strength : 2.2 g/d : elongation : 1.2 %, 
elementary analysis : C = 92.3 %, H = 1.1 %, O = 4.0 %, N = 

1.7 %. ' 

Subsequently, the thread pulled out of the said heat-treated 
cloth at 1,000°C. (a bundle of ?laments) was charged in a gra 
phite tube-shaped heating body (Tamnan furnace), the air in 
which was then replaced by argon, thereafter heated in order 
to elevate the temperature from 1,000°C. to 2,500°C. in 2 
hours and heat-treated at 2,500°C. for 15 min. As the results, 
?exible graphite-like ?laments with a tensile strength of 1.5 
g/d, an elongation of 0.6 percent and a carbon content of 99.9 
percent were obtained. 

' ’ EXAMPLE8 

A bundle of viscose rayon ?ber (denier of mono-?lament : 
5.5 d; tensile strength: 1.9 g/d ; elongation: 21.3 percent) was 
soaked in an aqueous solution of treating agent comprising 
500 g. ofammonium imidosulfonate, 250 g. ofthiourea, 100 g. 
of aluminum ammonium sulfate and 2,000 cc. of water, 
thereafter wrung and dried to obtain a bundle of treated ?ber 
with the adhesion percentage of solid component being 48.8 
percent. This bundle of treated ?ber was heat-treated in air by 

O=24.4 % 
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lower terminal ofsaid bundle as load of 6.0 mg/d and the air in 
said heating body was suf?ciently replaced by argon. 
Thereafter, the said bundle of carbon-like ?ber, in the same 
way as in Example 7, was heated up to 2,500°C. and heat 
treated. The thus obtained heat-treated ?ber was highly ?exi 
ble graphite-like ?ber with a tensile strength of 3.27 g/d, an 
elongation of 0.48 percent and a carbon content of 99.9 per 
cent. 

EXAMPLE 9 

The same starting material cloth as in Example 7 was 
soaked in an aqueous solution of treating agent comprising 
490 g. of sulfuric acid, 600 g. of urea, 40 g. of triammonium 
phosphate and 2,000 cc. of water, wrung by a mangle and then 
dried to obtain the treated cloth with the adhesion percentage 
of solid component being 36.6 percent. The thus treated cloth, 
under the same conditions as in Example 7, was heat-treated 
in air by passing through a continuous heating furnace 
equipping infrared ray heaters so as to obtain theblack heat 
treated cloth in air having a tensile strength of 28.3 kg/2.5 cm. 
of width. The elementary analysis of this heat-treated cloth 
was as follows: 

C=59.7% H=3.3% 
N=9.97% S=1.7% 
Subsequently, this black heat-treated cloth was charged in 

the same stainless steel cylinder as in Example 7, the air in 
which was su?iciently replaced by nitrogen so as to remove 
the air contained in the said heat-treated cloth, thereafter, 
under the same conditions as in Example 7, heated up to 
1,000°C. and heat-treated. Threads were pulled out of the thus 
obtained heat-treated cloth, and the measurements on the 
strength and elongation of mono?lament and on the elementa 
ry analysis thereof were carried out. The results were as fol 
lows: 

Tensile strength: 2.0 g/d; elongation : 1.4 %, 
elementary analysis: C = 92.0 %; H = 1.2 %, O = 4.1 %, N= 

1.9 %. 
Subsequently, the thread pulled out of the said heat-treated 

cloth at 1,000°C. (a bundle of ?laments) was charged in a gra 
phite tube-shaped heating body, the air in which was replaced 
by argon, thereafter, in the same way as in Example 7, heated 
up to 2,500°C. and heat-treated so as to obtain highly ?exible 
graphite-like ?lament with a tensile strength of 1.51 g/d., an 
elongation of 0.6 percent and a carbon content of 99.9 per 
cent. 

What is claimed is: 
l. 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 

O=24.9 % 
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ing of (A) at least one compound selected from the group 
consisting of ammonium sul?te, ammonium bisulfite, am 
monium bisulfate, and ammonium thiosulfate, (B) a mix 
ture of at least one compound selected from the group 
consisting of ammonium sulfate, ammonium bisulfate, 5 
ammonium sul?te, ammonium bisul?te, ammonium 
thiosulfate, ammonium sulfamate, and ammonium 
imidosulfonate with at least one organic nitrogen base, 
and (C) a mixture of an organic nitrogen base and an acid 
selected from the group consisting of sulfuric acid, sul- 10 
f urous acid and sulfamic acid; 

. heat-treating the product of step (a) at a temperature 
between about 200°C. and about 350°C. in an oxidative 
atmosphere for a period of time sufficient to increase the 
strength of the ?ber; and 15 

. heat-treating the product of step (b) in an inert at 
mosphere at a temperature of at least about 400°C for a 
period of time sufficient to bring about carbonization. 
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18 
2. The process of claim 1 in which said strength increasing 

agent is applied in the form of an aqueous solution. 
3. The process of claim 1 in which the organic nitrogen base 

is selected from the group consisting of urea, a urea derivative, 
thiourea, a thiourea derivative, and an amine. 

4. The process of claim 1 in which the strength increasing 
agent includes a ?ame resistance improving agent comprising 
at least one compound selected from the group consisting of 
ammonium phosphate, guanidine phosphate, aluminum am 
monium sulfate and tetrakis (hydroxymethyl) phosphonium 
chloride. 

5. The process of claim 4 in which the strength increasing 
agent and ?ame resistance improving agent are applied in the 
form of an aqueous solution. 

6. The process of claim 1 in which the rate of increase of 
temperature in said inert atmosphere is between about 1° and 
about 5° C. per minute. 


