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Abstract
The present research work aims to characterize cotton pulping effluents (black liquor and washing waters) for producing
nitrocellulose to be used in explosives manufacture. After characterization, equal portions of the effluent samples were mixed,
thereby forming a homogeneous mixture called as the pulping effluent which was treated by a chemical process followed by the
activated sludge biological treatment. The main results of the pulping effluent initial characterization were: pH at 12.4, 28,530
UC color, 7,797 mg/L COD, 4,399 mg/L BOD, 2,455 mg/L TOC, 9,269 mg/L TSS, 4,035mg/L TFS and 5,234mg/L TVS. The
chemical treatment consisted in acidifying the pulping effluent with an acid effluent from the stage of cellulose nitration until
reaching pH=1.5 + 0.3, which allowed coagulating/decanting a large amount of the organic materials in the sample. After pH
was adjusted to 7 + 0.2, the chemically treated effluent was submitted to the activated sludge treatment in a 500L reactor in a
semi-continuous process. The chemical process integration with the activated sludge treatment allowed reducing color by 95.8%,
COD by 96.4%, BOD by 99%, TOC by 97.8%, TSS by 96.9%, TFS by 95.8% and TVS by 97.8%. The obtained results from the
scale-up showed that these processes integration was effective at treating the cotton pulping effluents, thus confirming the results

obtained on smaller scales.
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1. INTRODUCTION

Environmental pollution is a global concern. However, the
environment has been continuously contaminated because
many industrial processes are inherently polluting [1-3].
Nitrocellulose production is an example of an industrial
process that generates waste which, if not properly treated,
largely  contributes to  increased  environmental
contamination [2,3]. Effluents from the lignocellulosic
industry are also characterized by high toxicity which is
caused by chlorophenols, chlorolignins, organic acids, acid
resins, dioxins and their derivatives [4, 7].

Treatment systems are supposed to remove pollutants from
effluents so as to suit their release into the environment,
which is associated with the concepts of treatment level and
efficiency [8]. There are several treatment methods, such as
physical, chemical and biological treatments, or their
integration.

In chemical treatments, the removal or conversion of
contaminants occurs by adding chemicals or through
chemical reactions, e.g. precipitation and oxidation.
Chemical precipitation occurs by adding a reagent which is
capable of interacting with the material to be removed so as
to form a stable precipitate that can be easily removed, thus
improving the final effluent quality. Oxidative methods are
characterized by transforming organic matter into carbon

dioxide, water and inorganic ions by means of degradation
reactions involving transient oxidizing species, especially
hydroxyl radicals [9, 10]. Biological treatments are methods
in which contaminants are removed through biological
activity which is similar to natural processes that occur in a
body of water after effluent disposal, from which organic
matter is converted into inert minerals by natural
mechanisms, i.e. autodepuration. The most common and
widely used method is the activated sludge process [10, 13-
15].

The activated sludge process consists in keeping a
diversified active mass of organisms, which is able to
stabilize the organic matter in the effluent in the presence of
oxygen and initially remove the colloidal and suspended
solids by physical agglomeration, flocculation and
adsorption within the biological flocs. Afterwards, the
organic matter is decomposed by biological oxidation and
transformed into CO,, H,O, NHs, new organisms, energy,
among other products. The activated sludge process can be
integrated with other processes to improve final effluent
quality [12-14].

Thus, this work presents the partial results of a research
aimed to characterize and treat cotton pulping process
effluents for producing nitrocellulose, so that it can be used
to manufacture explosives through the integration of a
chemical process with the activated sludge process.
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2. MATERIALS AND METHODS
2.1 Pulping Effluent

The present work has been developed at an industry where
the pulping process is carried out in autoclaves (batch) with
a solution of sodium hydroxide (NaOH) at 25 g¢/L
concentration and 150°C, and about 6 Kgf/cm2 pressure for
approximately 80 minutes. The delignified cotton was
washed several times with water, which generated, at this
stage, an effluent which is rich in lignin with a dark color
and high biochemical oxygen demand (BOD). The mixture
of these effluents was called as pulping effluent.

2.2 Samples Collection and Characterization

The samples were collected while they were being disposed
of (concentrated effluents and washing waters), whose pH,
total suspended solids (TSS), total fixed solids (TFS), total
volatile solids (TVS), color, total organic carbon (TOC),
chemical oxygen demand (COD), biochemical oxygen
demand (BOD), acidity index and free chlorine level have
been characterized before and after treatment, according to
analytical specific methods developed by the company itself
and conventional techniques of effluent analysis [17].

2.3 Treatment Process

Pulping Effluent: a chemical treatment process has been
integrated with activated sludge so as to treat the pulping
effluent. The chemical treatment consisted in acidifying the
sample with the effluent from the stage of cellulose nitration
until reaching pH=1.5 +0.3. Otherwise, it was used a
solution of sulfuric acid whose content ranged from 30% to
50%. It was carried out in 4 PVC containers with 200 L
capacity and a drain valve that was 30 cm away from their
base (Figure 1). pH was monitored with a pH meter
manufactured by MICRONAL™, model B-374. Once
flocculation and precipitation of a large amount of the
organic material in the mixture (2 hours) were complete, the
supernatant was separated by draining, which was then
characterized.

Feeding

N

Chemical
treatment

Effluent

\ J output
Fig 1 - Chemical treatment reactor / 200L capacity [16]

After adjusting pH to 7.0 + 0.2, the chemically treated
effluent was submitted to the activated sludge process. The
biological treatment was performed in a stainless steel

reactor with 500 L capacity and three valves (Figure 2). The
air was supplied through compressors, whose distribution
inside the reactor was performed by diffusers at such an
intensity that, in addition to keeping the microbial mass
under suspension, provided minimum oxygen concentration
at 8 mg/L, with feeding/hibernation cycles of every 6 hours.
It took 15 minutes for the sludge sedimentation. The reactor
was started with sludge that was kindly provided by
Kimberly-Clark Brazil - KCB™.

Fig 2- Biological reactor / 500L capacity

3. RESULTS AND DISCUSSION

The black liquor presented pH of 13.7, i.e. well above the
emission  standards established by the Brazilian
environmental legislation which recommends pH between 5
and 9 for its disposal [17].This effluent presented 125,515
UC color, a very high value, which can alter the
characteristics of the receptor body [4].

The black liquor total solid concentration was 33,508mg/L,
distributed along 14,911mg/L of total fixed solids (inorganic
compounds) and 18,597mg/L of total volatile solids (organic
compounds). The inorganic fraction composition can be
attributed mainly to the sodium hydroxide being used in the
cotton pulping process and, to a lesser extent, the inorganic
compounds present in raw cotton.

The concentration of organic compounds (18,597mg/L),
which was calculated by the difference between total solids
and total fixed solids, leads to high chemical and
biochemical oxygen demand, whose values were
29,914mg/L and 18,812mg/L, respectively. The total
nitrogen value (71 mg/L) was higher than that which is
recommended by legislation (20 mg/L). As regards
phosphorus, the values were below 5mg/L, thus showing
that its concentration in the black liquor was insignificant.
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As black liquor, the effluent from the first washing also
presented dark color (33,864 CU), high pH levels (13.5),
COD (8.901mg/L), BOD (5,586mg/L), TSS (11,282 mg/L,
TFS (4,938 mg/L) andTVS (6,344 mg/L). The other
effluents (2", 3", 4™ 5™ and 6" washings), although being
diluted, increase the organic load that is released into the
existing treatment plant in the industry, thereby raising the

During the washing process, there was no marked change in
pH which varied between 11.8 and 13.5. However, the other
parameters (color, COD, BOD, SST, TFS, TVS and
nitrogen) varied significantly, as it could be observed in
Table 1.

BOD values.

Table 1 — Characterization of effluents from the pulping stage of cotton [5]

Parameters Black Washings Pulpingeffluen
liquor 12 22 3? 42 52 6? t
pH 13.7 135 13.3 12.9 12.8 12.6 11.8 12.4
Color [CU] 125,515 33,864 | 15,114 | 8,068 3,258 1,122 572 28,530
COD [mg/L] 29,914 8,901 4,661 2,099 1,044 470 143 7,797
BOD [mg/L] 18,812 5,586 2,918 1,305 641 297 73 4,389
TSS [mg/L] 33,508 11,282 | 6,797 4,086 2,971 2,363 2,107 9,269
TFS [mg/L] 14,911 4,938 2,925 1,709 1,209 936 781 4,035
TVS [mg/L] 18,597 6,344 3,872 2,377 1,762 1,427 1,326 5,234
Nitrogen [mg/L] 71 32 26 19 17 16 15 27
Phosphorus [mg/L] <5 <5 <5 <5 <5 <5 <5

The organic fraction is responsible for the major problems
that arise from such effluents, such as its intense color
(125,515 UC), which hinders the penetration of solar rays
into water courses, thence damaging the photosynthetic
activity of the aquatic flora, resulting in high toxicity and
high chemical and biochemical oxygen demands, which are
attributed to resins and phenolic compounds derived from
lignin [5, 20].

Figure 3 shows the effluent color difference from various
washings of the stage of cotton pulping.

Fig 3— Effluent samples from the stage of cotton pulping,
with emphasis on the color difference of washing water
effluents [5]

The effluents characterization from the washing waters
mixture (pulping effluent) showed that the analyzed
parameters, exceEt for pH, are higher than those of the 2",
3 4" 5" and 6™ washings. However, they are much lower
than those of black liquor, thus revealing the need for
treatment before releasing them into the environment.

By comparing the effluent from the second column (black
liquor) to that of the last column of Table 1 (pulping
effluent), it was observed that dilution by means of washing
waters, which is inherent in the process, has promoted a
reduction of color by 77%, COD by 74%, BOD by 77%,
SST by 72%, TFS by 73%, TVS by 72% and nitrogen by
62%. However, the pulping effluent still presents high pH
levels (12.4), color (28,530 CU), COD (7,797mg/L) and
BOD (4,389mg / L), which are extremely harmful to the
environment, thus highlighting the need to implement a
treatment system that reduces these values to acceptable
limits.

Thus, the pulping effluent was submitted to the chemical
treatment and then to the activated sludge biological
treatment. By drawing a comparison of the raw effluent, the
chemical process integration followed by the activated
sludge biological treatment allowed reducing color by
95.8%, COD by 96.4%, BOD by 99%, TOC by 97.8%, SST
by 96.9%, TFS by 95.8% and TVS by 97.8%, which shows
that the integrated process is highly promising for the
pulping effluent treatment.

During the biological treatment, there was no significant
color change, which may be due to the low removal rate of
low molar mass compounds and the formation of new
chromophore groups during the biological treatment [18,19],
whose process integration results are presented in Table 2.
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Table 2 — Characterization results of the pulping effluent: after chemical and biological treatments with activated sludge [5]

. After treatment

Parameters Pulping effluent - - -
Chemical Biological

pH 12.4 15 7.6
Color [CU] 28,530 1,159 1,207
COD [mg/L] 7,797 914 280
BOD[mg/L] 4,389 359 33
TOC [mg/L] 2,455 153 54
TSS [mg/L] 9,269 3,541 283
TFS [mg/L] 4,035 1,464 170
TVS [mg/L] 5,234 2,077 113
Nitrogen [mg/L] 27 1,6 53
Phosphorus [mg/L] <5 <5 <5

4. CONCLUSION

The chemical treatment made it possible to reduce a large
amount of contaminants, which was mainly due to a
reduction in color (96%), TOC (94%), COD (88.3%) and
BOD (91.8%).

Though, in order for the effluent to meet disposal standards,
it was necessary to subject it to the activated sludge
biological treatment, i.e. to complement the chemical
treatment with a biological treatment, which made it
possible to further reduce the analyzed parameters values,
except for color that had a small increase (4.1%).

However, the integrated treatment made it possible to reduce
COD by 96.4%, BOD by 99%, TOC by 97.8%, SST by
96.9%, TFS by 95.8% and TVS by 97.8%. These results
indicated that the integrated treatment is adequate to treat
the cotton pulping effluent for nitrocellulose production.

The variety and frequency of microorganisms observed
during the biological monitoring were consistent with the
operations of the activated sludge system, being similar to
those found in the treatment of domestic sewage.
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