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Abstract.  

Nitrocellulose as the basic component of a single base propellant type for rocket booster fuel has been developing for a 

long time, since 2010 the process of making nitrocellulose from pineapple leaves, palm frond, cotton fibers, and coconut 

fibers. Based on this, this research was directed to synthesize nitrocellulose from ramie (Boehmeria nivea L. Gaudich) 

fiber due to its cellulose content being relatively very high at around 97% through nitration reaction. The process of 

nitrocellulose synthesis was carried out in two stages. First, the process of separating cellulose from fiber, starting with 

the process of hydrolysis, delignin, and bleaching. Second, the reaction of nitration with nitric acid and sulfuric acid as a 

catalyst with temperature variation of 7oC, 12oC, 17oC, 22oC, and 27oC with nitration reaction time is 15-60 minutes. The 

final step is a analysis using the Fourier Transform InfraRed (FTIR) tool and analysis using the Kjeldahl method nitrogen 

content. The results showed that the highest absorption of Nitro (-NO2) groups at the temperature 7oC and the reaction 

time of 30 minutes with the percentage of Nitrogen in the cellulose is 10.791% N. 
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Introduction  

Nitro cellulose can be used as a membrane, varnish in the paint manufacture, and a single base propellant [1]. Research 

on nitrocellulose has been developing for a long time, in 2010 the process of making nitrocellulose from pineapple leaves 

(Ananas comosus) was achieved yield is 86.2% with a nitrogen content is 11.56% at a ratio of 95% H2SO4 to 65% HNO3 

of 3:1 and nitration time 90 minutes [2], from a palm brunch with a nitrogen content is 6.8% [3]. Research with cotton 

fibers states that the most produced nitro groups, at the reaction time is 30 minutes, reaction temperature 15OC, and the 

composition of the acid mixture 60 ml H2SO4 and 45 ml HNO3 [4]. In 2017, nitrocellulose from coconut fibers [5] 

showed optimum results at ratio of 7:3 acid mixture (H2SO4:HNO3) with 10.85% of nitrogen content. Some of the studies 

mentioned above are quite good achievements, the theoretical maximum nitrogen content in nitrocellulose is 14.14% [6]. 

Some of research encourages to increase nitrogen content of nitrocellulose and trying other raw materials for cellulose. 

Ramie plants (Boehmeria nivea L. Gaudich) is natural fibers that have characteristics similar to cotton and used as textile 

raw materials. Another advantage of ramie is its productivity per hectare is much higher compared to cotton [7]. The 

ramie fiber production is directed towards the main target as raw material for the textile industry (cotton substitution as 

an imported product). It cannot be fully absorbed by the existing textile industry, only less than 25% can be absorbed by 

the national textile industry. Ramie: plant, stem and fibers are shown in Figure 1. 

 

Figure 1.Plant, stem and fiber 

(sources: www.semanticscholar.or/ramie) 

 

For export, Indonesian ramie fiber cannot compete because the processing of ramie fiber is generally traditional [8]. To 
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anticipate the abundance of ramie fiber is use it as a pulp base to produces cellulose that processed into nitrocellulose 

(NC). 

 

Research Methodology 

Nitrocellulose is made by nitration reaction using nitric acid as raw material and H2SO4 catalyst. Based on this, this 

research is directed to synthesize nitrocellulose from ramie fiber through nitration reaction. The process consists of three 

stages, first, the process of isolating cellulose from ramie fiber. The process of cellulose isolation from flax fiber starts 

from the drying process, the blending and filtering process for 60 mesh sizes, the process of prehydrolysis, delignification 

with an alkaline solution (NaOH, 17.5%), and bleaching with H2O2. Second, the nitration process with H2SO4 and 

HNO3 nitration solution, the water content of the sample should not be exceeded 10%. Third, testing with FTIR and 

Kjedal to determine NO2 levels found in nitrocellulose, and nitrogen content. Through setting the temperature variation 

and the duration of the nitration reaction with a temperature of 7oC, 12oC, 17oC, 22 oC, and 27oC and reaction times are 

15 to 60 minutes. 

 

Result and Discussion 

The results of fiber analysis are quite high at 91.35% with 97.50% alpha cellulose, completely shown in Table 2, while 

the results of the analysis of nitrocellulose specifications are presented in Table 3. The amount of alpha cellulose content 

in fiber shows that it is very potential to be used as a source of cellulose in the production of nitrocellulose. The nitrogen 

content of the nitration reaction is still low because the  delignification process was still incomplete as shown in Table 2. 

Lignin is very influential in the process of nitrogen penetration in cellulose. 

 

Table 2. Ramie fiber composition 

No Parameters Quantity (%) 

1 Extractives 4.81 

2 

Hemicellulose 1.92 

Alpha cellulose 97.5 

Beta cellulose 2.32 

Gamma cellulose 0.18 

3 Cellulose 91.35 

4 Lignin 0.98 

5 Ash Content 0.01 

 

On the other hand, there was a possibility to use higher ratio of nitric acid and sulfuric  acid, theoretically nitrogen would 

penetrate more to get higher nitrogen content. This is consistent with the phenomenon that occurs from the results of K. 

Hartaya's research in 2010 [9]. According to the Kjeldahl test, nitrogen content completed showed in Table 3 and FTIR 

result at 7oC and 30 minutes showed at Figure 2. 

 

Table 3. Nitrogen content 

No Temperature (oC) Times (minutes) N (%) 

 

 

1 

 

 

7 

15 6.6807 

30 10.791 

45 9.9925 

60 7.8798 

 

 

2 

 

 

12 

15 9.8212 

30 9.707 

45 8.6221 

60 8.1082 

 

 

3 

 

 

17 

15 4.4538 

30 9.5357 

45 9.0218 

60 5.4816 

  15 9.3644 
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4 

 

22 

30 8.565 

45 9.6499 

60 9.1931 

 

5 

 

 

27 

15 9.8212 

30 4.9677 

45 6.3381 

60 8.1082 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. FTIR for Nitrocellulose at 7oC and 30 minutes 

 

 

 

Meanwhile, the nitrogen content of nitrocellulose resulting from the reaction was still relatively low, which is 9.99 - 

10.79% still below the nitrogen content requirement for propellant which is 12.7% as showed at Table 4. 

 

Table 4. Nitrocellulose specifications 

No Parameters 
Units Value 

 Research Standard 

1 Nitrogen Content % 10.79 12.5 - 12.7 

2 Viscosity mPas 120 700 - 1500 

3 Moisture % 28.8 27-32 

4 Acetone Insoluble % 0.35 0.4 max 

5 Ash Content % 0.33 0.4 max 

6 Fineness ml/10 gr dry 75-80 80 - 110 

 

Conclusion 

The cellulose content of ramie fiber is 91.35% with alpha cellulose 97.50% which is very potential to be used as a sources 

of cellulose in making nitrocellulose as a propellant raw material. The highest level of nitrogen is produced from the 

nitration reaction process at 7°C for 30 minutes which is 10.79%. 
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