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Abstract: Due to wide usage of nitrocellulose in civilian and non-domestic industries, massive amount of waste
residues is generated. The waste has to be treated with an environmental friendly process. Historically, methods
for decomposition of waste materials have been open burning or open explosion may not be suitable or safe
disposal. Alkaline hydrolysis of nitrocellulose seems to be a simple and inexpensive method for cleavage of its
structure to non-energetic materials that can be directly disposed or further biologically deteriorated.
Furthermore having a valuable product is desired for making the process to be profitable. In this work, a simple
method for alkaline decomposition of waste nitrocellulose to cellulose was used. The effect of sodium hydroxide
solution and temperature on decomposition of nitrocellulose was investigated. In such circumstances the
optimum conditions that achieved were 1.5 M sodium hydroxide, at 55°C. The identification and characterization
of product was carried out by Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron
Microscope (SEM). The obtain results showed that hydrolysis occurred and the product was completely
denitrified and its characterization compatible and similar to pure cellulose.
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INTRODUCTION industrial wastewater process, large variety of

Nitrocellulose is a polymer; which is a nitrated developed. These physicochemical removal processes
cellulose  ester;  the  chemical  structure  is  shown  in include microfiltration, coagulation, sedimentation, air
Figure 1. Physical, chemical characterizations and floatation and alkaline or acid hydrolysis [4-9]. It is also
industrial application of nitrocellulose is strongly well established that nitrocellulose has resisted to direct
depended on its nitrogen content. Theoretically, the biodegradation under either aerobic or anaerobic
maximum nitrogen content of nitrated cellulose is conditions [6, 9-13]. Among the various processes,
estimated to be, 14.1%; the fully nitrated nitrocellulose is alkaline hydrolysis is the simple, inexpensive method for
attained by nitration of all alcohol hydroxyl groups per the cleavage of nitrocellulose to non-energetic materials
dehydrated glucose monomer [1, 2]. Low nitrogen content that can be directly removed or further treated via
of nitrocellulose is widely used in variety of industries biological processes.
such as pharmaceuticals, varnishes, ink bases, adhesives, Effect of alkalis such as sodium, calcium, ammonium
artificial  leather  and  printing purposes. In contrary, the and potassium hydroxides on hydrolysis of nitrocellulose
high nitrogen content of nitrocellulose (more than 12.5 has  been  investigated.  It  has  been  reported  that
wt%) may be used as explosives and ammunitions [1, 3]. NaOH and KOH at defined concentration have produced

Aged nitrocellulose is not appropriate for the stated comparable levels of hydrolysis of nitrocellulose, while
industrial applications because of its nitrogen content weak alkaline such as Ca(OH)  and NH OH had less
reduced under stored conditions [1]. Due to wide hydrolytic effect [1, 4, 14, 15]. The nitrocellulose
application of nitrocellulose in civilian and non domestic hydrolysis may occurred in a single step chemical reaction
industries, immense  amount  of  waste  residues  and as  a  result  nitrates  and  nitrites  were  generated  [15].
aged nitrocellulose   fines   have   to  be  treated  with  an Figure 2 shows the schematic chemical reactions in two
environmentally suitable process. For the removal of possible routes for the formation of ions from a monomer
waste nitrocellulose and aged nitrocellulose fines in of  the  fully nitrated nitrocellulose: (1) nitrate produced in

physicochemical and biological processes has been
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Fig. 1: Chemical structure of the fully nitrated Nitrocellulose 

Fig. 2: Schematic diagram of possible reactions for alkaline hydrolysis of nitrocellulose from a fully nitrated monomers

a simple ester hydrolysis or (2) formation of carbonyl hydrolysis of nitrocellulose as eco-friendly and
groups at the substitution site produced nitrite. The economically desired process. Destruction of polymeric
nitrated sites on the  surface  of  nitrocellulose  fibers material is required for denitrification of nitrocellulose,
have initially been attacked by alkaline ions; resulted while  pure  cellulose is resulted. It has been noticeable
destruction of polymeric  structure  of  nitrocellulose. that  one  of the most important products of destruction
Once the top surface layer of nitrocellulose has been of nitrocellulose fines is denitrated  nitrocellulose  that
removed, the new one exposed to hydrolytic alkaline ions. can be classified as pure cellulose. Cellulose is a natural
The process continued till the entire solid matrix of polymer of glucose monomers as widely used as raw
nitrocellulose is completely hydrolyzed [15]. material. According to denitrified cellulose properties, it

Extensive  research  has  been  conducted  on  effect can be further treated by microorganisms for synthesizing
of certain variables such as type of bases, concentration biodiesel or it can be further treated as a pure cellulose
of alkaline solution, temperature and  reaction  time  for [16].
the hydrolysis [7, 9, 13]. There were no solid procedures The purpose of present research was to investigate
available for decomposition of nitrocellulose. An alkaline hydrolysis of nitrocellulose. The concentration of
investigation may be required to define a suitable alkaline solution and decomposition temperature for
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hydrolysis of nitrocellulose was extensively studied. The purification of recovered fibers. The characterization of
optimum conditions for hydrolysis of nitrocellulose to obtained fibers was determined by Fourier Transform
produce cellulose were determined. The optimization Infrared Spectroscopy (FTIR) and the morphological
method for defining the optimum conditions was based on criteria were investigated with the aid of Scanning
one at the time variable. Electron Microscope (SEM). The sample was fixed on an
 aluminum stub and coated with gold-palladium by a

MATERIALS AND METHODS polaron machine (EMITECH, model K350, Cambridge, UK)

All the chemicals used were supplied by Merck the sample was examined under scanning electron
(Darmstadt, Germany). Characterization of raw material as microscope by a stereoscan (model VEGA\TESCAN,
waste nitrocellulose is summarized in Table 1. Waste Czech Republic).
nitrocellulose was analyzed for chemical composition and
the nitrogen content was determined using Ferrous RESULTS AND DISCUSSION
sulfate method. The experiments were carried out in a flask
stirred by a magnet using hot-plate magnetic stirrer Model A defined amount of waste nitrocellulose was
(VELP, SCIENTIFICA, Germany). The flask temperature introduced into a preheated alkaline solution. The waste
was controlled by a precision digital thermocouple (VELP, nitrocellulose was decomposed in 1.5 M NaOH solution
SCIENTIFICA, Germany) and also pH was defined by a at several temperatures, in the range of 25-85°C. The
pH meter (HANNA instruments, Romania). Experiments concentrations of total nitrogen released were determined
were carried out in temperature ranges (25, 45, 55, 65 and in a time interval of 15 min for the duration of 150 min. The
85). These temperatures were chosen based on reported released nitrogen from decomposition of the waste
data in literatures which is in the range of 60 to 150°C. It nitrocellulose was measured through the developed
worth to note that the desired product may be standard methods. Typical obtained results from the
decomposed at high temperatures [9, 17]. Sodium nitrocellulose  hydrolyzates  are  illustrated  in  Figure 3.
hydroxide solutions were prepared with 0.5, 1, 1.5, 2 and At high temperature, the rate of decomposition of
2.5 M and preheated prior to any experimental run. In a nitrocellulose appeared to be faster than the
typical experiment, approximately 0.1 g of nitrocellulose decomposition at low temperature. This means the
was introduced into a batch reactor with defined decomposition process was increasing trend as
concentration of sodium hydroxide at constant temperature increased. At room temperature (25°C) the
temperature. The concentrations of total nitrogen released decomposition reaction was very slow; while the
were monitored in every 15 min; the reaction time was decomposition of nitrocellulose at 55 °C was reasonably
prolong for duration of 150 min. Nitrogen content resulted high yield. The concentration of liberated
measurements were in triplicates with well established nitrogen at 25 and 55°C were 11.2 and 73.6 mg/L,
standard reagents of sulfanilamide and N-(1-naphthyl) respectively. Even though, at high temperature the
ethylenediamine [18]. When the experiment was over, the reaction was fast but the cleavage of cellulose chain in
solution was neutralized with 40% phosphoric acid alkaline condition would be possible. Therefore,
solution. The obtained sediments were filtered for the experiments were performed at 55°C. 
residual cellulose recovery. In order to assure all nitrates The experiments were carried out at constant
were detached from the cellulose fibers, the residue was temperature (55°C) with variable NaOH concentrations.
filtered by nonwoven poly pyrrolidine cloths and then the The obtained results are shown in Figure 4. Nitrocellulose
cloths were washed with distilled  water  and  acetone for seems to decompose  quite  fast  at  high  concentration

Table 1: Characterization of Waste Nitrocellulose

Color White

Phase Solid

Physical appearance Fine powders

Density 0.2111 (g/cm )3

Water absorbance 26.46%

Nitrogen content 8.330%

Cellulose 91.67%

at 3-5 nm coating thickness. Finally, the surface image of

of NaOH. Maximum nitrogen released at 1.5 M NaOH
solution. According to linkage of O-NO , the2

nitrocellulose structure was attacked by hydroxyl group.
Increase in alkaline concentration may activate the sites
selected by alkaline ions, a protection layer was formed
and the beneath layers of nitrocellulose  did  not  expose
to hydroxyl attacked, as a result the released nitrogen
decreased. In fact such cases were observed when the
solid particle sizes were large and non-uniform.



Iranica J. Energy & Environ., 2 (3): 221-228, 2011

224

Fig. 3: Total Nitrogen released form waste nitrocellulose Fig. 5: Rate of nitrocellulose hydrolysis in 0.1 M dosage
decomposition at 1.5 M NaOH solution of NaOH

Fig. 4: Total  Nitrogen  released  during  NC
decomposition at 55°C and various sodium
hydroxide concentrations

Table 2: Final amount of cellulose at various experiments

T (°C) NaOH Solution (M) Final Cellulose (mg)

25 1.5 5.37

45 1.5 1.20

55 0.5 1.32

55 1.0 1.26

55 1.5 1.16

55 2.0 0.98

55 2.5 0.94

65 1.5 0.63

85 1.5 0.34

The generated masses of cellulose fibers in
experimental runs were determined; the results are
summarized  in  Table  2.  As  the   concentration   of
NaOH increased, nitrocellulose was decomposed to
cellulose; then cellulose structure may be affected by the
alkaline  solution  and  reduced to glucose monomers. The
same  phenomena  may  happen  at  elevated  temperature.

Fig. 6: The rate constant temperature dependency

It is apparent that thermal decomposition of cellulose may
be more effective than hydrolysis under alkaline
conditions. Maximum amount of cellulose was obtained at
25°C. In contrary, at low temperature the reaction was
slow; therefore optimum temperature should be defined.
The obtained results with respect to temperature were
compared with data at 55°C; the data indicated that the
most effective parameter on degradation of cellulose was
temperature. At fixed temperature (55°C) variation of
alkaline concentration had no significant effect on
cellulose cleavage. At optimum temperature (55°C) and 1.5
M NaOH, the hydrolysis was faster than other alkaline
dosages. Maximum nitrogen was released and reasonable
amount of cellulose was obtained. 

Kinetic studies for the hydrolysis reaction were
conducted to define reaction rate. For the rate studies, all
experiments were carried out in 0.1 M NaOH. Low alkaline
concentration was selected in order to control reaction
rate in long duration (90min). The rate of nitrocellulose
hydrolysis  was  proposed as pseudo-first order chemical
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(a)

(b)

(c)

Fig. 7: FTIR spectrum: (a) Parent Nitrocellulose, (b) Final residues, (c) Commercial cellulose
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Fig. 8: SEM images of commercial cellulose, waste nitrocellulose and produced cellulose at magnifications of 5kx, 10kx
and 20kx 

reaction. The rate of nitrogen released is illustrated in and activation energy was obtained. The exact value for
Figure 5. The plotted data for all hydrolysis at variable the activation energy was 13195.8 (J/mol.K). Reaction with
temperatures were straight lines; that has indicated the high activation energy showed to be very temperature
first-order kinetics and fitted data were reasonably proved sensitive; that means nitrocellulose was decomposed fast
the proposed the rate model. The reaction rate constant at high temperature as it was temperature dependent [19].
(k) was calculated based on slope of the best fitted data. The characteristic of obtained cellulose was

The temperature dependency of the chemical reaction compared with parent nitrocellulose and commercial
rate was investigated. Figure 6 depicts the value of ln (k) cellulose by Fourier Transform Infrared Spectroscopy
versus (1/T). The slope of the line resulted in a precious (FTIR). The FTIR spectra are shown in Figure 7. The
value. Base on plotted data Arrhenius law was applied absorption peak of nitrocellulose with two sharp peaks
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located between 1390-1300 and 1600-1500 cmG  are REFERENCES1

assigned to the stretching vibration of nitrite bounds [20].
The FTIR results showed that the waste nitrocellulose
was completely denitrated and the new product was nitrite
free. The major peak for pure cellulose centered between
3500-3250 cmG  was corresponds to the stretching1

vibration of OH [20]. Comparing the resulted cellulose
product and commercial cellulose, the -OH stretching
vibration in the product was shifted to the high region. It
was obvious that, there was no considerable difference
between final residue’s structure and commercial
cellulose’s; this may prove the purity of the obtained
cellulose. 

Figure 8 shows SEM images of commercial cellulose,
waste nitrocellulose and obtained cellulose product. The
SEM images in 3 rows are categorized based on
magnification of images in 5, 10 and 20kx, respectively. In
the left column, commercial cellulose images are shown
with defined morphological strips of fibers. The middle
column images are related to waste nitrocellulose; as the
surfaces of the image may be slightly extended due to
presence of nitrite groups. The right column is allocated
to product cellulose. Hollow fibers of product cellulose
and reacted nitrocellulose at alkaline condition shows
decomposition of nitrocellulose certainly occurred. The
unique images of product cellulose were found.

CONCLUSION

A new method for decomposition of waste
nitrocellulose with alkaline was developed. Results
showed that high temperature may decompose
nitrocellulose and degrade cellulose structure. The
optimum condition for nitrocellulose decomposition was
identified at 55°C, with 1.5 M NaOH. The morphology of
parent nitrocellulose, commercial cellulose and product
cellulose were compared by SEM images. The final
residue was filtered and characterized with the aid of FTIR
spectra. The result indicated that the product was
relatively pure cellulose. According to enormous variety
of cellulose usage, this process is economically desirable
for the conversion of waste nitrocellulose to pure
cellulose. 

ACKNOWLEDGMENT

Authors gratefully acknowledged Biotechnology
Research Center, Babol Noshirvani University of
Technology for the facilitating present research. Special
thanks devoted to Mr. S. Kazemi who has supported to
provide the required chemicals. 

1. Lopez-Lopez, M., et al. Determination of the nitrogen
content of nitrocellulose from smokeless
gunpowders and collodions by alkaline hydrolysis
and ion chromatography. Analytica chimica acta.

2. Selwitz, C., Cellulose nitrate in conservation. Vol. 2.
1988: Getty Publications.

3. Christodoulatos, C., T.L. Su and A. Koutsospyros,
Kinetics of the alkaline hydrolysis of nitrocellulose.
Water environment research, 2001. 73(2): 185-191.

4. Alleman, J., et al. Alkaline hydrolysis of munitions-
grade nitrocellulose. Water Science & Technology
[WATER SCI. TECHNOL.]. 1994. 30(3).

5. Benziger, T., et al. Destruction of waste energetic
materials using base hydrolysis. 1993, Los Alamos
National Lab. NM (United States).

6. Hsieh, H. and F. Tai, 1993. Anaerobic digestion and
acid hydrolysis of nitrocellulose. Proceedings on
nitrocellulose--fines,   separation    and   Treatment,
pp: 110-121.

7. Kenyon, W. and H.L.B. Gray, 1936. The Alkaline
Decomposition of Cellulose Nitrate. I. Quantitative
Studies1.  J.   the    American   Chemical   Society,
58(8): 1422-1427.

8. Kim, B. and J. Park. Comprehensive Evaluation and
Development of Treatment Technologies for
Nitrocellulose Fines in Process Wastewater. 1993.

9. Su, T.L., 1996. Destruction of Nitrocellulose Using
Alkaline Hydrolysis. Stevens Inst of Tech Hoboken
Nj Centerfor Environmental Engineering.

10. Brodman, B.W. and M.P. Devine, 1981. Microbial
attack  of  nitrocellulose.  J.  Applied  Polymer  Sci.,
26(3): 997-1000.

11. Duran, M., B. Kim and R. Speece, 1994. Anaerobic
biotransformation of nitrocellulose. Waste Manage.,
14(6):  481-487.

12. Gallo, B., et al. Microbial degradation of
Nitrocellulose. 1993.

13. Wendt, T.M. and A.M. Kaplan, 19976.  A chemical-
biological treatment process for cellulose nitrate
disposal. Journal (Water Pollution Control
Federation),  48(4): 660-668.

14. MacMillan, D.K., et al.  2008. A reproducible method
for determination of nitrocellulose in soil. Talanta,
74(4): 1026-1031.

15. Christodoulatos,    C.M.S.   T.L.   Su,   M.   Redis and
G.P. Korfiatis, 1993. NC-Bearing Missile Propellant
Demilitarization. Paper presented at U.S. Army-
Purdue University Workshop,



Iranica J. Energy & Environ., 2 (3): 221-228, 2011

228

16. Urbanski, T., M. Jureki and S. Laverton, Chemistry 18. Gold, K. and B.W. Brodman, Chemical process for the
and technology of explosives. Vol. 1. 1964: Pergamon denitration of nitrocellulose. 1989, Google Patents.
Press Oxford, UK. 19. Levenspiel, O. Chemical Reaction Engineering 3rd Ed.

17. Wolf, F.E., 1997.  Alkaline Hydrolysis Conversion of John Wiley & Sons. Inc. New York, 1999.
Nitrocellulose Fines. october 1997, Olin Corporation 20. Wu, J., et al. Structure and properties of
Bager  Army  Ammunition   plant,  Baraboo, WI cellulose/chitin blended hydrogel membranes
53913-5000. fabricated via a solution pre-gelation technique.

Carbohydrate Polymers. 79(3): 677-684.


