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Abstract 

Soil no longer sustains beneficial quality in compact; its fertile status has been altered, deteriorated, and destroyed, 

primarily attributable to massive use of conventional fertilizers, improper land use, rapid industrialization and 

deforestation. As a consequence of that soil became deficient in necessary carbon content, mineralized nutrient, and 

micronutrients. Inorganic fertilizer, used on a large scale and constant basis, causes many harmful effects on the 

environment, leading to soil erosion and leaching problems. Hence, there is a need of materials with a slow-nitrogen 

releasing effects, in huge quantity and quality to combat all these losses. Lignin is a major precursor of soil humic 

substances and source of plant nutrient capable of acting as slow-release fertilizer, if enriched with nitrogen by converting 

it to a suitable form. The richest source of lignin is black liquor (BL) a waste product obtained from pulp and paper 

industries in huge quantity. The conventional methods adopted by these industries for the recovery and disposal of lignin 

and lignin derivatives in black liquor causes air pollution. Further such installations are unaffordable for small non-wood 

mills, which are in need of value added products from BL. Preparation of soil conditioner from BL, could be the solution to 

above said problems. The objective here is to explore the field of lignin research to utilize Kraft lignin as a feedstock for 

production of soil conditioner, both by biological and chemical pathways. Present paper reviews the advances taking place 

in both natural and artificial ammoxidation methods of conversion of lignin to soil conditioner with the aim, to use black 

liquor waste completely in both higher molar mass fraction (HMMF) and lower molar mass fraction (LMMF). The key 

parameters influencing the processes were identified and reported. 
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Introduction 

Problems related to soil have been intensified in the last two 

decades, demands immediate attention and remedies. 

Progressive deforestation and industrialization increases soil 

erosion and desertification, which are advancing at an alarming 

level, particularly affecting Asia and Africa, where they are 

spreading at an annual rate of 10.400 (km
2
)

1
 and reaching many 

parts of the world. Use of inorganic fertilizers acting as catalyst, 

magnifying the soil associated problems, affecting environment 

still further. All these malpractices are changing physico-

chemical properties of soil speedily, and depriving the surface 

soil from mineralized nutrient, stored organic carbon and 

essential humus substances, which forms building blocks of 

green vegetation. 

 

The most common practice in agriculture is to improve the soil 

structure is by application of organic matter to form most stable 

humus fractions
2
. But it is very difficult to avail both desired 

quality and quantity of organic matter substantially, to make 

compensation for the lost carbon rapidly. In nature considerable 

time is needed for the formation of such high-grade stable 

humus
3,4

. Lignin forms basis for humus formation and its 

resistant organic structure facilitates humus formation, therefore 

lignin based fertilizer could be the solution in future because of 

its abundant source in the form of byproduct, black liquor (BL) 

obtained from pulp and paper industries in huge quantity
5-7

.  

 

In the present scenario of lignin utilization through combustion 

in recovery boiler, is not very satisfactory as this method is 

costly, not environmental friendly, further such practices are, 

unprofitable for small non-wood mills
8,9

. A cost-effective and 

pollution free, disposal alternative would be, land use of black 

liquor as soil amendment to replace the existing recovery 

process
10

. Black liquor contains organic substances such as 

polysaccharides and lignin. A beneficial fraction of inorganic 

nutrients such as K, Ca, Mg, Zn and Cu etc., along with 

relatively low or undetectable concentration of heavy metals 

fractions are also present in BL. Kraft pulp shows increasing 

trend of production, in the last two decades, which consequently 

has also increased generation of lignin globally
11

.  

 

Literature survey revealed that, the important properties of 

lignin and its application as carrier of fertilizers were identified 
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first by Liao Jun-he
12

. Thereafter, there is explosion of research 

in this particular era from the last 5-10 years. Li Yang-Jie et al 

reported that lignin should be widely popularized as slow 

release fertilizer, which will provide comparatively inexpensive 

approach to reduce the cost of  agriculture and forestry at the 

same time cut short the pollution burden  due to use of chemical 

fertilizer
13

. 

 

The dominant Kraft process accounts to 85% of total lignin 

production, worldwide. Lignin, the giant macromolecule is 

fractionated in the pulping process to various molecular mass 

fractions. Complete utilization of BL is important for 

sustainable development, with this aim; the present paper 

investigates ammoxidation processes of conversion of lignin to 

soil conditioner by both biological and chemical pathways. The 

natural and artificial methods of conversion of lignin, using both 

lower molar mass fraction (LMMF) and higher molar mass 

fraction (HMMF) were discussed. The key parameters 

influencing the processes were identified and reported. 

 

Precipitation of black liquor 

Direct application of Kraft BL to the soil may results into, 

undesirable side effects. Hence, isolation of lignin is preferred 

generally, and done by acid precipitation method for recovery
14-

20
.  

 

After precipitation, two phases are obtained, as given in figure-

1, the solid residue is recovered as higher molar mass fraction 

(HMMF) of lignin and the filtrate, which is in liquid phase 

contains, lower molar mass fraction (LMMF) of lignin, along 

with other material, which is biodegradable. This recovered 

lignin can be processed further for getting soil conditioner more 

safely, effectively. 

 

 
Figure-1 

Precipitation of black liquor to two phases, higher molar mass fraction (HMMF) and lower molar mass fraction (LMMF) of 

lignin 
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Limitation of existing conversion processes 

In nature, humification process transforms lignin continuously 

to humic material in top soil, but it takes years together to do so 

because of its highly branched macromolecular, plant derived 

origin. This process inadequate to fulfill the present requirement 

of humus matter, hence it becomes mandatory to search for 

other alternatives. Further lignin cannot be solely applied to the 

soil, as it hardly contains any nitrogen and requires additional 

application of a suitable nitrogen source. Hence, efforts are 

made in various ways, in the last two decades for modification 

of industrial lignin, based on which the processes can be broadly 

classified as mixing process, coating process, and pyrolysis 

process, The mixing method of manufacturing soil conditioner 

composed of mixing decontaminated manure and Bacillus 

spore, and lignin material optionally one or more of N-

compounds. Zeng, Zhaoxiang had utilized BL directly to get 

fertilizer by using flocculating agent
21,22

. Black liquor is treated 

with a surface active polymeric, coagulant agent and then mixed 

with the phosphoric acid from the phosphate containing 

material
23

. BL is used to obtain low organic- K fertilizer or 

mixed with other fertilizers like NP, KZn, FeB to obtain 

composite fertilizer (24). Coating process is another way of 

using lignin as a coating media on mineral fertilizer. According 

to M. C.  Garcia, J. A. Diez, at. el., major fraction of lignin can 

be used in a controlled-release fertilizer coating, by adding 

linseed oil as a sealing agent
25

. Process of pyrolysis, uses a 

chemical reaction for making organic slow release nitrogenous 

fertilizers from pyrolysis products of BL
26

.  

 

In all the above processes, the chemical species required to be 

added physically, and in the pyrolysis process although 

chemical reactions are involved, but due to refractory nature of 

lignin very little amount of nitrogen is incorporated into the 

polymeric structure of lignin, further considerable leaching of 

nitrogen occurs. 

 

Ammoxidation Process 

Looking at the limitations of above the processes, it can be said 

that lignin being more refractory than cellulose, the general 

process must be oxidative in nature. Thereby resulting in an 

increased carboxyl acid content of finished product, by 

microorganisms or chemical conversion pathways, both the 

processes may show considerable differences in humification 

data (27-30). Schematic representations of principle of natural 

and artificial processes are given in figure-2. Ammoxidation of 

organic matter containing lignin structures can thus be described 

as accelerated natural humification; the process is merely 

transferred into a petri-dish or a chemical reactor, using 

primarily Kraft lignin from the pulping industry. 

 

Natural ammoxidation (humification): Natural process which 

takes place in the top soil requires long conversion time, owing 

to resistant highly branched biopolymer lignin. The important 

steps involved in biological transformation of lignin to humic 

matter are given in figure-2
27-29

. The process of pulping 

fractures the complex, high molar mass of lignin molecules into 

low molar mass fractions and solubilise them into alkali. After 

precipitation of BL, the residue contains bio refractory lignin 

(HMMF) but the filtrate contains lignin fractions, which are 

prone to biodegradation, preferably bellow pH 9.5, because of 

fractured matrix
31

. 

 

 
Figure-2 

Oxidative ammonolysis is the main principle for natural and artificial humus formation (27) 
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The huge amount of filtrate which is available contains lignin 

and lignin related compounds and LMMF along with rich 

source of simple sugars, obtained from of higher carbohydrate 

groups and mixture of inorganic salts including sodium 

sulphate, sodium carbonate, and very little fraction of minerals, 

as investigated by Sahoo et. al.
32

. The literature study revealed 

that there is evidence for existing certain microorganisms that 

are capable of synthesizing humus precursors within the cell 

from simple carbohydrate substrates, such as spp. Aspergillus, 

Penicillium, and Tricoderma are the predominant fungal genera 

growing on simple carbon source
33

. Aspergillus spp. has a high 

lignin-degrading capacity
31

. The oxidative reaction imposed by 

fungal species is non-specific, cleaves aromatic rings and 

reduces methoxyl, phenolic and aliphatic structure of lignin to 

new carbonyl groups
27

. With glucose as sole carbon source, the 

culture media can give a brown organic residue which closely 

resembles natural soil humic matter. Further these 

microorganisms are capable of converting inorganic nitrogen 

available in the nutrient medium to organic nitrogen. The 

important parameters that may influence the biochemical 

conversion process includes the substrate molecule status, C/N 

ratio (nitrogen has to be supplied additionally to get desired C/N 

ratio in the range 21-40), types of microbes (fungi, 

basidiomycetes, actinomyetes, and few bacteria), temperature, 

pH, period of incubation and condition
34,35

. 

 

Artificial ammoxidation (humification): It has been found 

that Kraft lignin can be converted into artificial humic 

substances (organo-mineralic fertilizers) by ammoxidation 

process to produce slow release nitrogen fertilizer by chemical 

pathway using transformation given in figure-2
36,37

.  

 

Artificial ammoxidation of organic lignin structures is a 

transformed form of natural humification, using the special 

reactor and Kraft lignin waste materials from the paper industry. 

 

This method was first introduced by Franz and Palm for N-

enrichment of technical lignin. For high nitrogen content, 

oxidative ammonolysis in the past has been done exclusive at 

high pressures and temperatures. The important oxidizing agents 

were air, oxygen, potassium permanganate, and nitric acid
38-41

. 

The reactive agents in oxidative ammoxidation are oxygen 

(anionic radicals) and ammonia, which are responsible for the 

degradation of lignin macromolecules, the cleavage of aromatic 

ring units, and the final incorporation of nitrogen into these 

structures. The nitrogen bonds of resulting products can be 

classified into three types as ammonia groups (short span 

available), amide groups (mid span available), and groups with 

strong organic nitrogen (long span available) available to plants 

species
42

. While conventional ammoxidation require several 

hours to complete the reaction, time can be reduced to three 

hours by carring out the process at temperature 100
0
C, aq. 

ammonia concentrate of 8 wt% and using lignin in acidic 

environment. Many processes were further developed to give 

acceptable level of nitrogen for its use as slow releasing 

fertilizer/ soil conditioner as found by Marvin Weil at. el. and 

other co-workers with the sole efforts to reduce time and 

temperature further
43,44

. In today’s ammoxidation process of 

lignin time and pressure has been reduced significantly by 

incorporating more nitrogen in the finished product. When H2O2 

is used as oxidizing agent encouraging results were obtained at 

atmospheric pressure, although rise in temperature makes the 

ammonization reaction speedy, but causes degradation of 

hydrogen peroxide and thereby retards the process 

significantly
45

. 

 

Zuniga
46

 studied catalytic action of transitional metal elements 

such as copper (II), manganese, iron (II), molybdenum, on 

ammoxidation process; alkaline lignin was used along with 

hydrogen peroxide as oxidizer. Similar results were reported by 

other workers including Jiang Qi-Pei, Felipe Ramirez-Cano at. 

el.
47-50

.  

 

Field application of ammoxidised products 

Many applications of ammoxidised products of lignin have been 

investigated in pot experiments by several research workers. 

Results from pot experiment grown rice and maize and corn pot 

test in which N-lignin was used as a controlled release material 

of urea, showed that a little dosage of N-lignin could not only 

increase biomass in evidence, but also improve nitrogen-utilized 

efficiency at a large degree
51,52

. Investigations were also done to 

preserve tropical rainforest by using nitro-fertilizer from 

lignin
53

. Xiao C. at. el.  found applicability of lignin based 

fertilizer to improve aggregation and chemical properties of soil 

in the fields, and also play role as organo-mineral fertilizers in 

horticulture, organic farming
54,55

. The quality of humus 

produced by BL is similar to waste produced from mushroom 

production
56

. Wide applications of lignin based fertilizers have 

been achieved in many pot and field experiments successfully as 

cited in literature
57,58

.  

 

Conclusions 

Based on all these studies, it can be concluded that Kraft black 

liquor can be completely used for the preparation of soil 

conditioner. Thus, after precipitation, the huge amount of filtrate 

generated can be used by microbes (fungi, basidiomycetes 

actinomyetes, and few bacteria) for obtaining humus material 

naturally (14, 34, 35, 59). While chemical conversion of more 

resistant, solid residue can be achieved by artificial 

ammoxidation to soil conditioner (60, 61). Therefore, it can be 

said that by the process of ammoxidation, both the solid and 

liquid phases of BL can be effectively converted to soil 

conditioner. The possible, ideal green system closer that could 

be achieved is represented schematically in figure-3.  

 

These processes may be capable of combating the losses 

attributed to soil erosion, in reasonable time span and 

comparatively at fewer expenses, as BL waste is cheaply 

available. Hence, these methods may prove efficient for small to 

medium scale pulp and paper industry and able to reduce the 
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load on recovery boilers in large scale paper industry. These 

processes could assist in curtailing the massive use of fertilizers. 

But such preparations are more limited to laboratory scale only 

for commercial application; dedicated efforts, attention and 

scientific research are desired to attain the final destination. 

 

References 

1. Lu Q., Yang Y., Wang S., Wu B., Ren G., Ju H., Chinese 

Forestry Science and Technology, 2(4), 1-13 (2 003) 

2. Schroder D., Haubold M. and  Henkers L., Zeitschrift, 21, 

1466-1469 (1987) 

3. Liebner F., Fischer K., Katzur J. and Bocker L., Tsinghua 

University Press und Springer Verlag Beijing, 183-207,  

(2006) 

4. Katzur J., Fischer K., Bocher L. Liebner F., and Schiene 

R., Aech. Acker-pf1 48, 637-646, Borde (2002) 

5. Hubbe A., Mousa N., and Carmen S., Composting of 

Lignocellulosics, Bioresources 5(4), 2808-2854  (2010) 

6. Huang Hong, Ding Ying-xiang, Zhang Huan-chao, LI 

Zhong-zheng, Ammoxidized Kraft Lignin Fertilizer 

Tested on A. bettzickiana (Regel) Nichols, Journal of 

Nanjing Forestry University, (2001) 

7. Gosslink RJA, De Jong E., Guran B., Abacherli A.,Co-

ordination network of lignin standardization ,production 

and applications a requirements (Eurolignin), Ind. Crop. 

Prod., 20, 121-229 (2004) 

 
Figure-3 

Ideal, green system closure, by converting black liquor waste to soil conditioner by natural and artificial ammoxidation 



International Research Journal of Environment Sciences______________________________________________ ISSN 2319–1414 

Vol. 4(6), 92-98, June (2015)      Int. Res. J. Environment Sci. 

 International Science Congress Association             97 

8. Buzzini A.P., Pires E.C., Cellulose pullp mill effluent 

treatment in an upflow anaerobic sludge blanket reactor, 

Process Biochem, 38, 707-713(2002) 

9. Rousu p., Anttila J., Sustanable pulp production from 

agricultural waste Resources, Conser. Recy. 35, 85-103 

(2002) 

10. Derek S., Lignin as base material for material 

applications: Chemistry,application and economics, 

Industrial crops and products, 27(2),202-207 (2008).  

11. Klaus Fischer, Rainer Schiene , Nitrogenous fertilizers 

from lignins – A Review, Chemical modifications, 

properties and usage of lignin,167-198 (2002) 

12. Liao Jun-he, Physical and chemical properties and its  

study as carrier of fertilizer, Journal of Cellulose Science  

and Technology, (2004 )  

13. LI Yang-Jie et al, Application of Lignin and its 

Derivatives in Agriculture and Forestry, Journal of Anhui 

Agricultural Sciences, 33 (2007) 

14. Kamble Shailaja V., Bhattacharyulu Y.C., Selective 

separation of biomass from black liquor by inorganic and 

organic acids, International Journal of Advanced 

Research, 1(3),684-692 (2015) 

15. Mikaela H., Hans T., Martin L., Gunnar H.,Limimg 

Z.,Mikael E.L., Fractionation of technical lignin 

:Molecular mass and pH effects, BioResources 8(2), 

2270-2282 (2013) 

16. Uloth V.C., and Wearing J.T., Kraft lignin recovery: 

Acid precipitation versus ultrafiltration Part-II: 

Technology and Economics, Pulp and Paper Canada, 10, 

T357-T360 (1990) 

17. Mate N., Matyas K., Hans T., Arthur J.R., Mate N. 

Matyas K., Characterization of CO2 precipitated Kraft 

lignin Precipitated Kraft Lignin to promote its utilization, 

Green. Chem. 12, 31-34, (2010) 

18. Miyuru K., Mariya M., Louis F., Jean P., Removal of 

lignin by acid precipitation: Impact on evaporation 

fouling, 8
th

 International black liquor colloquium, Black 

liquor to biorefinery, Federal University of Minas, Gerais 

Belo Horizonte, Brazil, (2013) 

19. Methacanon, Ubolrat Weerawatsophon, optimum 

conditions for Selective Separations of Kraft Lignin,  

Kasetsart J. (Nat.Sci.), 44 , 680-690 (2010) 

20. Randolph S. Porubcan, Fertilizer Compositions and 

method of making and using same, U.S. Patent 6878179, 

2008 

21. Zeng Zhaoxiang, Pulping Technology without the 

discharge of concentrated BL and treatment methods for 

the reuse of the BL and Faming Zhuanli Shenqing 

Gongkai Shuomingshu , Chem.Mech., 264, 771 , 115, 

265, 12, (2000) 

22. Hassan E., Treatment of spent pulping liquor with Lignin 

separation to recover alkali pulping chemicals in 

manufacturing of paper pulp, 6830696, http:// www 

freepatents online .com/, (2004) 

23. Zhang, Meihua; BaoYu, Li, Process for preparing multi-

elemental organic  fertilizer from extract of black pulping 

liquor, Guozhong Faming Zhuanli CN, 1, 330, 059 

113847, 5 (2000) 

24. Garcia M.C., Duez J. A.,Vallejo A.,Garcia L., and 

Cartagena M.C.,Use of Kraft pine lignin as slow release 

fertilizer, Ind. Eng. Chem. Res., 35, 245-249 (1996)  

25. Klaus Fischer et. al. Organic Fertilizer & method of 

manufacturing it, U.S. Patent  No. 5720792, Technische 

Universifaet Dresden, 24 (1998) 

26. Hatakka A. Biodegradation of lignin biopolymers lignin 

humic substances and coal. A multivolume handbook 

Wiley, (Steinbuchel A., ed) 1, (2001) 

27. Hatakka A., Itavaara M., Tuomela M.,Vikman M., 

Biodegradation of lignin in a compost environment : A 

Review Biores. Technol.,72,169-133 (2000) 

28. Alfred Abaecherli, Valentin I. Popa, Lignin crop 

cultivation and bioremediation, Environmental 

Engineering and Management Journal 4(3),273-292 

(2005).  

29. Lic Rolando Cruz Suarez, Lic Jose Antonie Siso, Ing eloy 

Camacho, Synthesis of useful products from bagasse 

lignin, IPPTA, 4(2) (1992) 

30. Shah M., Reddy G.V., Banerjee R., Babu P.R., Kothari 

I.L., Microbial degradation of banana waste under solid 

state bioprocessing using two lignocellulolytic fungi 

(Phylosticta spp. MPS-001 and Aspergillus spp. MPS-

002), Proc. Biochem, 40, 445–451 (2005) 

31. Sahoo N., Rohella R.S., Choudhary S., Preparation  of 

value-added products from black liquor , IPPTA, 8( 3) 

(1996) 

32. Van H. I., Cronje C., Swart S.H., Kotze J.M., Microbial, 

chemical and physical aspects of citrus waste 

composting. Bioresource Technol, 8171-76, (2002) 

33. Tuomela M., Vikman M., Hatakka A., Itavaara M., 

Biodegradation of lignin in a compost environment: a 

review, Bioresource Technology, 72169-183, (2000)  

34. Golueke C.G., Principles of composting In: The Staff of 

Bio Cycle, Journal of Waste Recycling. The Art and 

Science of Composting, The JG press Inc., Pennsylvania, 

USA, 14-27, (1991) 

35. Zhu Zhao – hua, Wang De-han,  Agro-environmental 

Protection 20, 98 (2001) 

36. Chen Qian, mu Huan-zheni, Chinese Journal Agro-

environment Science, 22, 41 (2003) 



International Research Journal of Environment Sciences______________________________________________ ISSN 2319–1414 

Vol. 4(6), 92-98, June (2015)      Int. Res. J. Environment Sci. 

 International Science Congress Association             98 

37. Franz A., Palm A.,Verfahren zur Herstellung organischer 

Düngemittel, Deutsches Patent DE561487, (1930) 

38. C. Gonzalez, R. Alvarez and J. Coca, Use of Kraft block 

liquors from a pulp mill for the production of soil 

conditioners, Waste Manag. Res. 10.195.http// 

wmr.sagepub.com/content/10/2/195, (1992) 

39. Kim Y. K. Plain, W.M. & Hatfield J.D., Fertilizer from 

oxidative ammoxidation of saw dust, Ind. Eng.Chem. 

Prod. Res. Dev., 20, 205-212. (1981) 

40. Capanema By Ewellyn A., Balakshin Mikhail Yu. , 

Chen-Loung Chen,Gratzl  Kirkman, Oxidative 

ammonolysis of Technical lignins, part 3.effect of 

temperature on the reaction rate, Holzforschung, 4(3), 

273-292 (2005) 

41. Flaig. W. and Sochtig H., Landbauforschung Volkenrode, 

23 (1), 19-28, (1973) 

42. Marvin Weil O. Simon, Singh B.K., Weil J.J., 

Elaboracion Laboracion Caracterizacion de 

lignosulfonatos Amonificados A Partir de Pinzote de 

Banano Y. Aserrin de Laurel (Cordia alliodora)  Para 

Utilizarse Como Fertilizante de Liberacion Lenta, Tierra 

Tropical, 1(1). 21-26 (2005) 

43. Srivastava,Anita, Bandari, Oxidative ammonolysis of 

commercial lignin by a new concept to produce N 

modified lignin, Indian Forest, 126(6), 643-646 (2000) 

44. Zoang Xiao-yong, Hydrogen Peroxide as Oxidizer 

Oxiammonolysis of wheat straw Alkaline Lignin,  

Chinese Journal of Cellulose Science & Technology 7,  

40 (1999) 

45. ZunigaV. Martinez A., Delgado E., G.G., Coca P.J., 

Camacho A., Ammoxidation of lignaceous material in a 

fluidized bed reactor Proc. 2
nd

  Braz. Symp. on chemistry 

of lignin and other wood components, Campinos, J. 

Brazil, 201504, (1993) 

46. Ramirez F., Varela G., E., Delgado F., Lopez-Dellamary, 

Zuniga V., Gonzalez V. Faix O., Meier D., Reactions 

characterization, and uptake of ammoxidized kraft lignin 

labeled with N, Bioresource Technology, 98(7),1494-

1500 (2007) 

47. Jiang Qi-pei, Zhang Xiao-Yong. Mo Has-tan and Li Zuo-

hu, Ammoxidation of straw pulp alkaline Lignin by H2O2 

with Iron II cation, Chem.Biochem Eng Q 20(4), 437-

441(2006) 

48. Ramirez F., Ramos Q.A., Oskar F., Meier D., Gonzalez 

V. and Virgilio Zuniga-Partida, Slow-release effect of N-

functionalized Kraft lignin tested with Sorghum over two 

with periods,  Bioresource Technology, 76(1), 71-73 

(2001) 

49. Ramirez F., Gonzalez V., Cerspo M., Meier D., Faix O. 

and Zuniga V., Ammoxidized Kraft lignin as a slow-

release fertilizer tested on Sorghum vulgare, Bioresourve 

Technology, 61(1), 43-46 (1997) 

50. Wang De-han, ZHU Zhao-hua, PENG Jun-jie, LIN Hui-

dong and LIAO Zong-wen, N-lignin Used as a 

Controlled-Release Material of Urea in Improving 

Nitrogen-Utilized Efficiency for Rice and Maize Crops, 

Journal of Agro-environmental Science, (2005) 

51. Wang Dehan, Zhu Zhaohua and Liao Zhongwen, The 

Effect of Ammoxidized Lignin Fertilizer on Corn 

Biomass and Soil Urease Activity, Guangdong Pulp and 

Paper, (2003) 

52. Katsumata Kyoko and Meshitsuka Gyosuke, Modified 

Kraft lignin and its use for soil preservation, chemical 

modification, properties, and usage of lignin, 151-165, 

(2002) 

53. Xiao C., Bolton R and Pan WL, Lignin from rice straw 

Kraft pulping effects on soil aggregation and chemical 

properties, Bioresour Technol, 98(7), 1482-8 (2006) 

54. Mema Vusumzei Vusie, Identification of extraction 

method for the production of Humic acids from black 

liquor, Stellenbosch University Institutional, Stellenbosch 

University.com,(2006)   

55. Ragab Tamer, Studies of the nitrogen binding forms in 

ammoxidized lignins Diplomarbeit, Universitat Wien., 

Fakultatfur Chemie BetreuerIn: Schmid, Walter,(2008) 

56. Wang De-han, Peng Jun-jie and Liao Zong-wen, Effect 

of modified lignin slow-releasing function on potassium 

fertilizer and potassium uptake by crops, Journal  of 

Plant Nutrition and Fertilizer,(2015) 

57. Biochar for Environmental Management Science and 

Technology, edited by Johannes Lehmann, Stephen 

Joseph, 1136571205, 9781136571206, Routledge,( 2012) 

58. Kamble Shailaja V. and Bhattacharyulu Y.C., 

Precipitation of lignin materials from Pulp and Paper mill 

black liquor waste, using mineral and organic acids. 

Poster presentation 2nd Biotech Congress, 284-285 

(2006) 

59. Kamble Shailaja V. and Bhattacharyulu Y.C., Soil 

conditioner by artificial ammoxidation of lignin and 

optimization using response surface methodology, 

International Journal Innovative Research in Science 

enginnering and Technology. 3(10), 16534-16539 (2014) 

60. Kamble Shailaja V. and Bhattacharyulu Y.C., Soil 

conditioner: Conversion of Black Liquor waste to Green 

the fields, proceedings of National Conference on green 

chemistry and Engineering, VNIT, Nagpur, 236-239, 

(2013) 

 


