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ABSTRACT: Lignin biomass was obtained from black liquor, using acid HzPO,4 The residue so obtained was used for
preparation of soil conditioner by artificial ammoxidation process in a batch reactor. The process parameters identified
were composition of oxidizing agent (H,O,+ammonia), reaction time, and temperature. The present study also
encompasses optimization of process parameters involved by the application of response surface methodology (RSM),
so as to understand the interaction of these parameters. The statistical significance of the model equation was evaluated
by the F-test for analysis of variance, which showed that the model is statistically significant at 95% confidence level.
The model F-value of 228.48 for ammoxidation process implied that the model was statistically significant. To test the
fit of the model, the regression equation and determination coefficient, R? were evaluated. In this case, the value of the
determination coefficient R? = 0.9942 indicated that the model could explain 99.42% of the variability.
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l. INTRODUCTION

A fertile soil is basis of human health, it is important to maintain the fertility status of soil compact. Three fold benefits
can be achieved by using biomass obtained from black liquor as soil conditioner, produced by artificial ammoxidation
process. Lignin available in nature in abundance as renewable resource, and it forms the basis for humus production
[1]. It can act as an additive to balance the agricultural soil which is deficient in necessary organic matter, thereby
curtail the massive use of inorganic fertilizer and increase tilth of soil. Land use of such an amendment may enhance
soil fertility by improving physical, chemical and biological properties [2]. Thus improving crop yield along with
providing sustainable environment management, by supporting economical viable alternative to pulp and paper
industries, especially small to medium scale industries which are under constant environmental threat, can find remedy

3.

Globally the demand for paper and paper board is increasing and expected to raise to 16.7 million tons in 2016-17, so
as the generation of black liquor by these industries [4]. Lignin and lignin related compounds (L & LRC), which are
major constituents of black liquor are no longer considered as waste materials of paper industry, rather, it is looked
upon as non exhaustible resources of biomass, which deserves clever application and  scientific research support so
that one day it may turn into a treasure troves [5,6] . This area is under research for the last 5-10 years, many workers
explored this potential of lignin biomass to minimize the use of inorganic fertilizers [7-9].

Lignin is more refractory than cellulose and the general process therefore must be oxidative in nature [10], further,
lignin cannot be solely applied to the soil, as it is deficient in micronutrient such as nitrogen, and phosphorus etc.,
requires additional application of a suitable nitrogen source [11]. The basic reagents which are required for the
oxidative ammonolysis of L & LRC are, source of ammonia and an oxidizing agent (anionic radicals), which are
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responsible for the degradation of lignin macromolecules, the cleavage of aromatic ring units, and the final
incorporation of nitrogen into the structures resulting products[12].

The procedure of conventional ammoxidation required several hours, done exclusively at high pressure and
temperature. Ammonia and air, oxygen and potassium permanganate, nitric acid were used as source of nitrogen and
oxidizing agents [13,14]. Literature survey reveals that batch process was more preferred, only a few experiments were
done by using continuous bed reactor [10]. Many processes were further developed to give acceptable levels of N, for
its use as slow releasing fertilizer as found by Marvin Weil el. at. [15] and other workers [16]. The process parameters
of ammoxidation reactions, such as time, temperature and pressure got reduced significantly by achieving more
nitrogen into the finished product, by using H,O, as an oxidizing agent at atmospheric pressure [17, 18]. Similar studies
were done by other workers [19, 20], for N-fuctionionalized Kraft lignin. It was found later on that at lower technical
expenditure, ammoxidized product, resembling to natural like humus is possible to produce, by using mild operating
conditions, at nearly ambient pressure, with phosphoric acid as one of the reagent [21].

Present paper studies artificial ammoxidation process, wherein the lignin biomass was obtained by precipitating BL,
using phosphoric acid. The important process parameters studied were composition of oxidizing agents (H,O, active
oxidizing agent+ ammonia), reaction time, and temperature. Optimization of these process parameters was done by
using response surface methodology (RSM) so as to establish a quantitative relationship between the independent and
the dependent variables.

1. MATERIAL AND METHOD

The Kraft black liquor was collected from nearby paper industry using, hardwood and bamboo as raw material for
producing pulp, at pH=13.2. There are two reasons for precipitation of black liquor, the BL available is in liquid stage
and contains large amount of water (67%) and its solid content is only 33%, prove uneconomical if processed at this
stage. It was found that as compared to direct oxidation of black liquor, it is advantages to isolate the lignin biomass
first, and then use it by oxidation process so as to gain more nitrogen in the final product [13]. In this case acid ortho-
HsPO, was used, instead of conventional H,SO, for precipitation with the aim to incorporate phosphorous ions also in
the nutrient deficient matrix of biomass [22]. After precipitation, the residue (biomass) was collected at pH 8.89(~9), it
was washed at the same pH, with the same acid to purify the biomass [23], and then it was dried, grinded, and screened
for utilization. Table 1 below gives elemental analysis of biomass obtained, using a Perkin Elmer 640-C Analyzer.

Table 1 Elemental analysis of lignin
Element C H N S )
Wt. % 56.7 2.7 0.6 2.3 37.7

Experimental Procedure
In the present studies ammoxidation of biomass, as obtained above was carried out in a batch process as studied by
Gonzalez C.and Jiang Qi-pei [13,18].

The Stainless steel container having capacity of 1 L called as digester heated externally was used. Each batch consists
of 30 g acid-precipitated lignin and on wt. basis hydrogen peroxide and ammonia liquor was used, the time and
temperature were varied, details of experimental conditions used are shown in Table 2. These materials were placed
into digester and distilled water was added to make up the total volume to 300 ml. The parameters studied were
temperature (100-150°C), reaction time (60-180 minutes) and oxidant concentration was varied between 20 to 30% of
H,0O, in NHgssolution as shown in Table.3.

Ammoxidized products were air dried (Temperature 40 to 45 °C), in a Petri dish for two days and further in a
desiccators over P,Os for one day. The soil conditioner, so obtained was then analyzed for nitrogen content by
elemental analysis. The oxidative ammonolysis reaction changed lignin to all together different form. The results
obtained and experimental conditions used are shown in Table 2 and 3. Design matrix as given by software using Box-
Behnken method of modeling conditions are shown in Table 3.
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1. RESULTS AND DISCUSSION

Box-Behnken Design of Experiments

A Box-Behnken factorial design with three factors and three levels including 12 factorial points and three center points
was used for fitting a second-order response surface Table 2 gives the factors and their values. Table 3 describes the
experimental design and responses. In the present study two replications were carried out and the average values were
presented. Experiments were performed randomly to minimize the effects of unexpected variability in the observed
responses. This methodology allows the formulation of a second-order equation that describes the process.

The amount of % N, in the reaction product was analyzed by the multiple regressions through the least squares method,
to fit the following equation:

Y = By + B Xo+ BaXat BaXa + ProXaXo+HB1aXaXa + BasXoXs + BraXe® + PooXo® + BasXs® ... (1
WhereY was the %N, in the reaction product. By is the intercept term, By By, and B3 were linear coefficients, P12, Pis,
and B,3 were interactive coefficients, P11, P2y, and PBas Were quadratic coefficients, and X;, X, and X; were coded
independent variables.

In the present study, preliminary experiments and information from literature revealed that time, temperature and
oxidant concentration plays a crucial role in ammoxidation process, hence these variables were selected in the design of
experiments. The key process variables were % oxidizing agents and source of ammonia ( H,O,+ lig. Ammonia),
temperature (100-150°C), reaction time (60-180 minutes), oxidants concentration (% H,0, and NH3) by 20-30% were
changed as shown in Table 2. Here the objective was to incorporate N, into the product so as to serve as soil
conditioner for slow release of N, into the soil. The factor levels were coded as -1(low), O (central point) and +1(high).
The experimental conditions used are as tabulated below in Table 2 and Table 3, wherein RSM was used for
optimization of variables in the oxidation process.

Table 2 Experimental range and levels of the independent variables.

Variables Symbols Range and levels
-1 0 +1
Temperature, °C X, 100 125 150
Reaction time, minutes Xz 60 120 180
Oxidant Concentration X3 20 25 30

(wt. H,0, +NH; )

Optimization of variables in Ammoxidation process by RSM

Based on the Box-Behnken design and results of experiments (Table 4), the quadratic regression model (based on the
coded factors) of the experimental data was fitted in the following expression (2)

Y =3.75 +0.44 X; + 0.82 X, + 0.53 X3 + 0.16 X; X, + 0.077 X; X3 + 0.051 X,X3 ... (2)

Where Y was the %N, in the product, X;-temperature (°C), X, — Reaction time, (minutes), and X; — Oxidant
concentration (Wt.%) H,O, +NH;.

Table 3 The Box-Behnken design for optimizing Ammoxidation process parameters

Run No Level of variables, coded (actual)
Temperature, °C Time, minutes H,0, Concentration, % N in the product, Wt.
X, X, Xs Y
1 0 (125)* 1(180) -1 (20) 3.969
2 1 (150) 0 (120) 1(30) 4.64
3 0 (125) 0 (120) 0 (25) 3.77
4 0 (125) 0 (120) 0 (25) 3.81
5 1 (150) 0 (120) -1(20) 3.52
6 -1 (100) 0 (120) 1(30) 3.698
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7 1 (150) -1 (60) 0 (25) 3.271
8 1 (150) 1(180) 0 (25) 5.227
9 0 (125) 1 (180) 1(30) 5.205
10 -1(100) -1 (60) 0 (25) 2.638
11 -1(100) 0 (120) -1(20) 2.886
12 0 (125) -1 (60) 1(30) 3.47
13 0 (125) -1(60) -1(20) 2.437
14 -1 (100) 1 (180) 0 (25) 3.947
15 0(125) 0 (120) 0 (25) 3.79

* Values within the parenthesis indicate the actual values.

The statistical significance of the model equation was evaluated by the F-test for analysis of variance (ANOVA) which
showed that the regression is statistically significant at 95% confidence level. The model F-value of 228.48 for
ammoxidation process implied that the model was statistically significant. There was only 4.40% chance that a "model
F-value", this large value could occur due to noise. Values of “ Prob > F-value “ less than 0.05 indicated that model
terms were signifcant. In this case Xj, X;, X3 and interaction terms X; X, were significant model terms.

Table 4 Analysis of Variance of the experimental Results.

Source Sum of squares DF Mean square F-value Prob> F
Model 9.20 6 1.53 228.48 <0.0001
X1 1.52 1 1.52 226.74 <0.0001
X, 5.33 1 5.33 794.74 <0.0001
X3 221 1 2.21 328.73 <0.0001
X1 X, 0.10 1 0.10 15.59 0.0042
X1 X3 0.024 1 0.024 3.53 0.0969
XoX3 0.010 1 0.010 1.54 0.2505

In this case, the value of the determination coefficient R? = 0.9942 indicated that the model could explain 99.42% of
the variability. “Adeq Precision” measures the signal to noise ratio. A ratio greater than 4 is desirable. A ratio of 48.341
indicated an adequate signal. This model could be used to navigate the design space. Three — dimensional response
surfaces were plotted on the basis of the model equation, to investigate the interaction among variables and to
determine the optimum condition of each factor for maximum %N, in the product. The response surface plots are
shown in Figs 1-3, showing the effect of variables such as temperature, time, and % composition of (H,0, +NH3) on
amount of nitrogen in the product.
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Fig. 1 Response surface plots of the effect of temperature and concentration of H,O, on amount of nitrogen.
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Fig. 3 Response surface plots of the effect of time and concentration of H,O, on amount of nitrogen.

Fig.3 shows the effects of concentration of (H,O, +NH3) and reaction time on amount of nitrogen. It shows that, not
only their linear effects are great, but their combined effect is also high under the range of experimental conditions

studied.
that it can serve as soil conditioner. Graphical response surface plots were helpful to locate the optimum points. The

The present study showed the efficiency of artificial ammonization process for incorporation of N, into the product so
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study clearly showed that optimization of variables in the process can be successfully achieved to maximize N, in the
finished product by using Box-Behnken factorial design for experimental design and analysis of results. The study of
ANOVA, showed that the regression is statistically significant at 95% confidence level, with the model F-value of
228.48 for the process implied. The value of the determination coefficient R? = 0.9942 indicated that the model could
explain 99.42% of the variability, showed that the model was statistically significant. Thus soil conditioner so obtained
is capable of meeting the high demand of humus material effectively, in short time span; thereby shows potential to
restrict the use of chemical fertilizers.
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