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ABSTRACT 
The importance of bio-products production is enhanced with the abundance and renewability of 
lignocellulosic biomass in comparison to the depleting fossil fuels especially in producing 
environment friendly energy. Lignin is obtained as a residue from the paper and pulp industry 
(black liquor) as well as from the bio-ethanol / bio-diesel industries. The processed and 
separated lignin is a renewable fuel characterized with a heating value of 17 MJ/kg and low ash 
content. The separated lignin in pulp mills is usually burnt at the mill directly to cover the energy 
production costs of the mill. The separated lignin undergoes a reduction in heating value from 26 
MJ/kg to 17 MJ/kg due to its high moisture content (30-75 %). The high moisture content 
reduces the total energy efficiency of the plant and simultaneously utilizes high amounts of 
lignin sludge in producing the required energy. The energy efficiency can be increased with the 
efficient utilisation of fuel and by simultaneous reduction in the amount of lignin sludge required 
for energy production. This paper explains a possibility of integrating build-up sludge 
pelletisation in pulp mills. The integrated sludge pelletisation techniques lead to an optimal 
utilization of lignin for energy and simultaneously save the lignin resource for material 
applications. Build-up sludge pelletisation was carried out with the help of a spray-granulation 
apparatus. The produced spray-granules were treated with acids for stabilizing the lignin making 
it insoluble in water, regaining its original hydrophobic characteristics. The granulation process 
and the treatment with acids solve the problem of handling, storage, explosion risks of lignin, 
reduction of impurities and increases the energy density of the raw materials in comparison to 
the present situation. 

Key Words : Lignin sulphonates, Kraft lignin, Build-up pelletisation, Spray-granulation, 
Energy efficiency 

 
INTRODUCTION 

The rapid depletion of fossil fuels and the 
increasing demand for intensive utilisation of 
resources for material and energy purposes 
enforce the transformation of various processes 
concentrating on application of biogenous 
materials. Biogenous materials are produced 
by living organisms and are either constituents 
or secretions of plants or animals. Biogenous 
materials have to be used in a sustainable 
manner as they are most viable and valuable 
renewable resources. Viability and precious-
sness   of   these  resources arise from the func- 

tionnality of them as nutrition for living 
beings, various material processing (bioplast-
ics, hardware, etc.) as well as energy liberation 
possibilities (biofuels, biogas, solid biofuels 
etc.) substituting fossil fuels. Presently 
lignocellulosic materials are the most utilized 
biogenic resources. The main components of 
lignocellulosic materials are celluloses (40 – 
45 %), hemicelluloses (20 – 30 %), lignin (20 
– 30 %) and extractives (2 – 5 %).1 
Lignocelluloses materials find their applica-
tions in different industries (woodworking, 
pulp and paper, fibers, chemicals, medicinal 
etc.) due to their versatility.2 The benefits of 
biogenous  materials  utilization  are  that  they  *Author for correspondence 
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are easily / highly available throughout the 
world having environment friendly 
characteristics such as (i) reduction in green 
house gas emissions (ii) eco-compatibility, (iii) 
biodegradability, (iv) durability, (v) low 
toxicity and can be (vi) easily recycled. 
Process residues can be utilized further by 
following the cascading / recycling utilization 
system. The cascading utilization of residues 
increases the material utilization efficiency and 
simultaneously reduces the demand for fossil 
fuels and biogenous resources. Residues are 
the materials left over after a certain process. 
Biogenous residues are the left over materials 
from different processes and are presently 
considered as most promising resources3 for 
their further utilization. The further utilization 
of these residues for different purposes 
(fodder, feedstock, fibre, bioenergy, fertilizer, 
quality management, ecosystem balance, etc.) 
are site specific and have to be critically and 
objectively assessed. The innovative process-
ing and refinement of the materials and their 
residues save handling costs, reduce waste of 
materials, improves efficient utilization and 
sustainable management of the resources from 
beginning till the end of the cascading process. 
Further the sustainability can be improved 
when the residues are utilized to their 
maximum extent after refinement. The 
complete sustainable optimization process 
would work in the form of a closed cycle, 
through which the major environmental risks 
created by fossil fuels (open cycle) can be 
reduced. Black-liquors / technical lignins / 
lignin sludge‘s (Lignin-Sulphonates (LS) / 
Kraft-Lignin (KL)) are biogenous by-products 
of the pulping industry. The amount of black 
liquor obtained from the pulp cooking process 
is about 50 Mio t/a worldwide.4 Most of the 
black liquor is directly burnt at the pulp mill 
covering the energy requirement of the mills 
partially. The materialistic utilization of black 
liquor is limited to less than 4 % of the total 
amount worldwide. The bio-polymer lignin has 
a high calorific value (26 MJ kg-1) almost 
equal to that of anthracite coal (29 MJ kg-1). 
The high moisture content of black liquor (30 
to 70 %) leads to a reduction of the energy 
efficiency to about 17 MJ kg-1 (with 30 % 

moisture content) due to the losses in 
evaporation energy. The high sulphur content 
present in the black liquor demands a flue-gas 
desulphurization apparatus.  Black liquor 
mainly handled in liquid form is corrosive and 
has high energy efficiency losses due to 
evaporation losses, etc. The handling of black 
liquor after drying to powder form is highly 
reactive and causes high fire and explosion 
risks. These are the main reasons that black 
liquors are always stored with a minimum 
moisture content of 30 %. Innovative 
technological processing and refinement of 
black liquor is required to solve the utilization 
problems associated with different forms 
(liquid, powder, sludge with 30 % moisture) in 
an efficient manner. This work uses an 
innovative build-up granulation (spray-
granulation process) of black liquor with 
subsequent treatment of the produced granules 
with acid modifying the lignin. The spray-
granulation was carried out with the reactor 
temperatures ranging from 80 °C to 180 °C. 
The granules produced are porous, dry, dense, 
having high surface area and particle sizes 
higher than dust particles. The granules contain 
mainly lignin polymer along with the 
impurities (cooking chemicals). The impurities 
from granules are cleaned with the help of an 
acid (H2SO4 / CH3COOH) treatment process. 
The porous granule structure offers a large 
surface area for the specified acid reaction 
(reduction in acid requirement). The acid 
treatment of granules leads to the conversion 
of water soluble black liquor granules into 
water insoluble form regaining the original 
lignin characteristics and simultaneously 
increasing purity and yield. The particles 
inside the granules during the acid treatment 
melt and bridge with the neighbouring 
particles and build up into encapsulated 
hydrophobic lignin granules. The modification 
of lignin granule structure from hydrophilic to 
hydrophobic form with acid treatment and the 
thereafter produced granules have the 
following advantages such as (i) no energy 
losses due to the exothermic reaction of acids 
with water, (ii) efficient acid reaction due to 
high surface area of granules, (iii) reduction in 
the  amount  of acid requirements, (iii) increase  
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in filtration efficiency and  (iv) direct 
utilization of granules for material as well as 
for energy applications etc., in comparison to 
the conventional separation of lignin from 
liquid black liquors through flocculation / 
coagulation processes. Granules in the acid 
treatment process can be further modified into 
water-insoluble agglomerates of bigger 
dimensions (briquettes or pellets) with the help 
of a geometrically predefined volume 
restraining filtration device (filtration capsule). 
The acid treatment process of granules carried 
out in a filtration capsule resulted in briquette 
formation due to the sintering / melting and 
bridging of particles inside the individual 
granules and with the surrounding neighbor 
granules. The briquettisation of black liquor 
granules is due to the melting and bridging of 
(i) highly viscous binder lignin inside the 
granules and (ii) development of a certain 
pressure inside the filtration capsule due to 
volume restrainment during the acid treatment 
process. The briquettes have revealed an 
increase in density (depending on the pressure 
development) and filtration efficiency by 
reducing the colloids formation, which 
improved storage and handling properties. The 
utilization of agglomerates (granules / 
briquettes) for the material or energy 
applications has to be distinguished based on 
their specific characteristics. The material 
utilization of granules / briquettes requires 
high purity, whereas the energy utilization 
requires a stabilized size and shape, low 
moisture content, etc. The produced granules / 
briquettes have increased energy density, 
reduced dust particle formation and improved 
storage and handling properties.  

AIMS AND OBJECTIVES 
To investigate (i) the production of different 
black liquor granules with varying reactor 
temperatures, (ii) the particle size distribution 
of the produced granules using an image 
analysis system (Camsizer), (iii) the 
measurement of granule strength using GFP, 
(iv) the treatment of granules with different 
acids and varying temperatures, (v) the 
measurement of granule particle size after acid 
treatment, (vi) the measurement of granule 
strength    after     acid     treatment,    (vii)   the  

production of briquettes using a volume 
restraint filtration device, (viii) the 
measurement of briquettes strength  and (ix) 
the evaluation of product purity (granules as 
well as briquettes) based on elementary 
analysis. 

MATERIAL AND METHODS 
Technical lignin’s (black liquors) from the 
sulphite as well as the sulphate pulp cooking 
process have been selected for the 
investigations in this work. Calcium lignin 
sulphonate (Ca-LS) and sodium lignin 
sulphonate (Na-LS) from the sulphite process, 
whereas Kraft Lignin (KL) from the sulphate 
process are chosen as the main technical 
lignin’s in this thesis work as they are 
produced at industrial scales and are available 
in huge amounts. The physical and chemical 
properties of these liquors are given in             
Table 1. The moisture content was determined 
using ASAE standard S269.4 where oven 
drying of the samples was carried out at 103 
°C for 24 h. Technical lignin’s were subjected 
to drying with varying temperatures (60 °C, 80 
°C and 100 °C) with the help of a oven to 
understand the thermal behavior of lignin 
sludge’s. The samples after drying at different 
temperatures were investigated for the 
development of pores under a Leica-
Microscope MZ8. This was carried out to 
determine the appropriate reactor temperatures 
of the spray-granulator in producing granules 
with specific required characteristics (porosity, 
strength, structure, etc.). Further the 
microscope was also used to determine particle 
size distribution of dried lignin powder. The 
determination of particle size distribution can 
be carried out using different techniques. For 
quality control not only the particle size is of 
importance, but also the particle shape is an 
important characteristic. The complete 
dimensions of the single particles can be 
analyzed with the help of image analysis. 
Dynamic image analysis was carried out with 
the help of a Camsizer from Retsch 
Technologies. The assessment of particle size 
distribution was carried out with three 
representative samples for each variant (Ca-
LS, Na-LS and KL) each sample on average 
had a minimum of 15000 particles. 
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Table 1 : Physical and chemical characteristics of black liquors from sulphite and sulphate 
pulp cooking processes 

Characteristics 
Sulphite Sulphate 

Calcium LS Sodium LS Kraft 

Colour Dark brown to 
black 

Dark brown to   
black 

Dark brown to 
black 

Moisture content (%) 50 55 75 
pH 4.5 8.0 13.0 
Density (kg m-3) @ 20 °C 1240  1220 1020 
Solubility Soluble Soluble Soluble 
Viscocity (mPa s) @ 20 °C 1000 200  
Sulphur (%) 6.93 7.59 7.35 
Chlorine (%) < 0.1 < 0.1 < 0.05 
Calcium (%) 5 -- -- 
Natrium (%) -- 8 5 – 15 
Alkaline Na2O (%) < 1 < 12 < 15  
Invert sugar (%) 6 6 6 – 10 

Granulation of the technical lignin’s was 
carried out with the help of spray granulator as 
shown in Fig. 1 (type: 100 FSG from the 
company Alpine). Lignin sludge’s were 
pumped into the reactor with the help of a 
pump through the two-stuff (material and air) 
nozzle. The evaporation process starts as soon 
as the material droplets exit the nozzle. The 
material is made to circulate in the reactor 
vertically due to the conical shape at the 
bottom together with the air stream input. The 
material is also made to circulate horizontally 
with the help of an air classifier on top of the 
reactor. The classifier on top filters the 
accumulated dust particles, serving as a control 
in the development of granules with certain 
diameters. The granules build-up themselves 
into coarse granules gaining certain weight, 
which then fall down into the collecting 
container passing through a zigzag de-dusting 
chamber. The zigzag de-dusting chamber 
prevents the falling down of low weight 
granules or dust particles.5 The goal is to 
produce granules having particle sizes greater 
than 100 µm diameter to avoid explosion risks. 
The possibility to vary different process 
parameters enables a wide range of lignin 
granules production. Spray granulation of 
calcium lignin sulphonate (Ca-LS) was carried 
out with increasing temperatures from 80°C    
to   180°C   with   an  interval  of   20°C. Spray  

granulation of sodium lignin sulphonate (Na-
LS) was only done for temperatures between 
80°C and 100 °C, and the Kraft lignin (KL) at 
100°C due to the high moisture content present 
in Kraft lignin. The material input temperature 
was about 20°C. Strength indicates the quality 
of granules /briquettes and is defined as the 
force necessary to crush the granules with 
respect to time. The strength tests for granules 
were carried out with the help of GFP-
Automatic from the company Etewe GmbH 
(Fig. 2(a)), whereas the strength tests for 
briquettes were carried out with a ZWICK-
ROELL (type: ZMART.PRO) material testing 
machine (Fig. 2(b)). Diametrical strength tests 
were carried out as these pressures occur 
during handling, transportation and storage of 
granules /briquettes. The elementary analysis 
of the raw black liquors as well as of the 
granules / briquettes produced with spray 
granulation was analysed using Elementar 
Vario MACRO CUBE. The granules produced 
from Ca-LS, Na-LS and KL with the reactor 
temperatures of 80°C and 100°C respectively 
have been treated with different concentrations 
(70 %, 80 % and 90 %) of acids (H2SO4 / 
CH3COOH) at varying temperatures (100°C 
and 130°C) for 15 minutes. The detailed 
schematic process (Fig. 3) for the production 
of hydrophobic granules with the help of acid 
treatment  has  been patented.6   The  granules /  
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briquettes after the acid treatment were treated 
with warm water (80 °C) removing the acids 
adherent on the surface of the filtered granules. 
The washing of granules / briquettes with 
warm water was carried out untill the pH-value 
of the filtrate stabilized. The filtrates obtained 
from the filtration of granules and after the 
washing of the granules are sent to the 
regeneration unit, where the acids and the 

water are regenerated and recirculated back 
into the process. The regeneration unit 
simultaneously separates colloids / fine dust 
size particles, which are sent back to the raw 
black liquors increasing the solid matter 
content. Regeneration and recirculation 
escalates the efficiency of the whole process 
by increasing the solid matter contents of black 
liquors. 

 
 

 

1    Air exiting the system  
2    Dust removal  
3    Hot air streaming into reactor  
4    De-dusting through air pressure 
5    Sprayer air stream 
6    Material feeding  
7    Fines  
8    Granules 
9    Continuous product discharge 
10  Air separator for dust  
11  Cylindrical Granules container  
12  Circulating material  
13  Conical ground air flow  
14  Sprayer (material and air) 
15  Zigzag deduster  
16  Product discharge valve  
17  Container for granules 
18  Air exiting Temperature measurement  
19  Input air Temperature  measurement 

Fig. 1 : Spray-granulator 
a) 
 
 
 
 
 

 

b)  

 

 

 

Fig. 2 : GFP Automatic (a) from Etewe GmbH for measuring granule strength and material 
testing machine (b) ZWICK-ROELL (type : ZMART. PRO) for testing pellet /briquette strength 
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The development of hydrophobic briquettes 
is achieved by filling the granules in a 
defined geometrical form (cylindrical 
capsule) having dimensions of 50 mm 
diameter and 60 mm height and treating 
them with the acids. The detailed schematic 
process (Fig. 4) in production of 
hydrophobic briquettes is applied for patent.7 

The treatment with the acids and the washing 
process are similar to that of the production 

process of hydrophobic granules. The 
advantages of the capsules utilization is that 
they can be utilized a higher number of times 
and at the same time reduces the first 
filtration unit in comparison to the 
hydrophobic granules production process. 
Further the production of briquettes in the 
acid treatment process reduces the 
percentage of colloids drastically, making 
the process more economic and efficient.  

 

 
Fig. 3 : Schematic process in the production of hydrophobic granules 

 
Fig. 4 : Schematic process in the production of hydrophobic briquettes using capsules 

RESULTS AND DISCUSSION 
The water content of LS was ranging from 50 to 
55 %, whereas KL had a moisture content of 75 
%. The water content of the produced granules 
was in between 4 % and 11 % and after the acid  

treatment was in between 5 % and 10 % after 
stabilization. The water content of the granules is 
either lower than or equal to that of the specified 
values as per solid fuel standards (≤ 10 %) 
resulting in high combustion efficiencies through 
which a high energy efficiency can be 
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achieved.8,9The drying of black liquors at 
different temperatures (60 °C, 80 °C and 100 °C) 
for over 24h in an oven displayed a clear thermal 
behavioural characteristic of the material. The 
black liquors displayed highly foamy structure at 
high temperatures, which was measured with 
respect to the pore sizes in the foam (85 µm for 
60 °C, 165 µm for 80 °C and 6154 µm for 100 
°C). The reason for this increasing pores is due to 
the high dynamic viscosity (changing with 
temperatures) of the black liquors leading in the 
development of a foamy structure (Fig. 5). 
The transmissibility of the foamy behaviour of 
black liquors from the oven to spray granulation 
was clearly observed with respect to the 
structure, colour, particle size, density and 
porosity of the produced granules. The granules 
produced at higher temperatures (> 100 °C) 
resulted in highly porous, low density, bigger 
particle size and are light brown in colour. The 
granules produced at lower temperatures (< 100 
°C) resulted in high density, smaller particle size, 
less porous and are dark brown in colour. The 
produced granules were build-up from sprayed 
droplets   by   the   evaporation   of   liquid  under  

different temperatures. The granules produced 
below 100 °C were almost spherical, where as 
the granules produced at higher temperatures had 
irregular size and shape due to the foamy 
expansion of lignin sludge. The colour difference 
of the granules (below 100 °C and above 100 °C) 
is due to the reason that the granules produced 
below 100 °C have not undergone complete 
liquid evaporation and the drying process only 
takes place over the surface in the spray 
granulation process. The presence of liquid 
inside the granule lets them fall through the 
zigzag de-dusting chamber due to the weight of 
the granule. The air drying of the granule 
produced below 100 °C increases the strength of 
the granules, due to the binding of the surface 
dried particles with a liquid kernel. 10,11 Based on 
these results, the black liquors were only 
granulated at 80 °C and 100 °C temperatures.  
The produced granules are displayed in Fig. 6. 
The particle size distribution curves of different 
granules from different lignin sludge’s with 
varying temperatures before and after acid 
treatment are depicted in Fig. 7.  

 

Calcium lignin sulphonate 

(a) 

 
 

(b) 

 

(c) 
 

Sodium lignin sulphonate 

(d) 

 
 

(e) 

 

(f) 
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Kraft lignin 

(g) 

 

(h) 

 

(i) 

 
 

(j) 

 

Fig.5 : Thermal behavior of Ca-LS (a, b, c), Na-LS (d, e, f) and KL (g, h, i) with respect to 
varying temperatures of 100 °C (a, d, g), 80 °C (b, e, h), 60 °C (c, f, i) and the measured average 

pore sizes (j) with standard deviations 

(a) 
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(b) 

 

(c) 

 

Fig. 6 : The granules produced from spray-granulation (a) with varying reactor temperatures from 80 
°C till 180 °C with an interval of 20 °C for Ca-LS, 80 °C and 100 °C for Na-LS, 100 °C for KL. 

Structural analysis of the granules produced at (b) 80 °C and (c) 180 °C observed under microscope 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.7 : Particle size distribution of the dried lignin powder (red) and lignin sludge granules before 
(left) and after (right) acid treatment of (i) Calcium lignin sulphonate (CaLS: green), (ii) Sodium 

lignin sulphonate (NaLS: blue) and (iii) Kraft lignin (KL: dark red) with varying temperatures 

The particle sizes and their ranges are classified 
as dust (1 to 200 µm), dust explosion (10 to 100 
µm) and dust free granules. The particle size 
distribution of lignin powder falls up to 95 % in 
the dust zone and 25 % to 88 % under dust 
explosion zone, indicating a high risk of 
explosion. The granules fall slightly under the 
dust zone (< 3 %) but not under the dust 
explosion zone.12,13 The fuel property which 
changes with the spray granulation / 
briquettisation of lignin sludge is the reduction of 
moisture content and production of dense 
granules / briquettes. The measured bulk density 
of the granules ranged from 490 kg/m3 to 670 
kg/m3, whereas the briquettes had a density of 
1351 kg/m3. High density of granules /briquettes 
is important as this significantly reduces the 
storage, transportation, handling and fuel feeding  

costs and simultaneously increasing the energy 
density. 14,15 
Granules /briquettes need to withstand 
different pressure forces as they are confronted 
with such pressures during handling, storage, 
transportation and feeding. The withstanding 
pressure of the granules before acid treatment 
was 3 N/mm2 and after acid treatment was 7 
N/mm2, whereas that of the briquettes after 
acid treatment was 150 N/mm2.  
The acid treatment of granules and granules in 
geometrical defined restraint volume capsule 
resulted in the change of solubility 
characteristics along with the removal of 
impurities. The granules /briquettes after the 
acid treatment were hydrophobic. Lignin 
sludge granules from lignin sulphonates and 
Kraft lignin before (glass 1 and glass 2) and 
after (glass 3 and glass 4) the acid treatments 
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were suspended in water to check their 
solubility (Fig. 8). The acid treated granules 
did not show any water solubility in 
comparison to the untreated soluble granules. 
Lignin polymer before the pulp cooking 
process is insoluble in water and is made 
soluble either by breaking (kraft lignin) or 
modifying (lignin sulphonate) the structure of 
lignin with the help of cooking chemicals and 
high cooking temperatures. The treatments of 
granules with acids regain the structure of 

lignin back to its original form (insoluble in 
water). The compact dense granules retain 
their structure avoiding /reducing the 
formation of colloids in the acid treatment 
process making the filtration and separation 
processes easier and highly efficient. A warm 
water (< 100 °C) washing process has to be 
carried out afterwards to remove the adherent 
acids from the granules after their treatment 
with acids. This process step is done until the 
pH value of the filtrate rises from 0.2 to 3. 

Fig. 8 : The water solubility of lignin sludge granules before (glass 1 and glass 2) and after (glass 
3 and glass 4) the acid treatment 

The elementary analysis of the lignin sludge’s 
as well as the produced granules and the 
granules / briquettes after the acid treatments 
(Table 2 and Table 3) have been analysed to 
check the suitability of them for their different 
utilization purposes (materialistic as well as 
energetic). The impurities in the granules are 
measured with respect to their sulphur and ash 
contents. The sulphur and ash content analysed 
in the lignin sludge’s were ranging in between 
6.9 to 7.6 % and 13.5 to 44.4 % respectively. 
The sulphur and ash content in calcium lignin 
sulphonates, sodium lignin sulphonates and 
Kraft lignin granules after spray granulation 
before acid treatment were having the same 
values as that of the lignin sludge’s, whereas 

the granules after acid treatment showed 
enormous reductions (Ca-LS: 13.5 to 3.9 %, 
Na-LS: 21.2 to 0.58 % and KL: 44.37 to 0.58 
%). The water and ash free heating values of 
the lignin sludge’s as well as the granules 
before and after the acid treatments and the 
briquettes formed during the acid treatment 
process are calculated based on equation 1 
from the values obtained from elementary 
analysis. The heating values (water and ash 
free) of the granules before and after the 
treatment remained the same, also indicating 
no losses in energy efficiency. 
HO(waf) = 0.3491*XC + 1.1783*XH + 
0.1005*XS – 0.0151*XN – 0.1034*XO – 
0.0211*XA.............................................................................(1) 
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Table  2  :  Elemental analysis (water and ash free) of lignin sludge’s spray-granulates 
before and after the acid treatment 

Material 
TR 
/C 
/TC 
[°C] 

Moisture 
[%] 

Carbon 
[%] 

Hydrogen 
[%] 

Oxygen 
[%] 

Nitrogen 
[%] 

Sulphur 
[%] 

Ash 
[%] 

HO 
(waf) 

Lignin sludge`s 
Calcium-LS -- 50 56.37 5.41 31.07 0.22 6.93 13.49 23.25 
Sodium-LS -- 55 59.92 5.64 26.65 0.23 7.59 21.2 25.12 
Kraftlignin -- 75 66,42 6.42 19.62 0.20 7.35 44.37 28.52 

Calcium lignin sulphonate granules 
Before acid 
treatment 

80 8.65 56.27 5.41 31.30 0.22 6.80 13.52 23.17 
100 8.70 56.47 5.41 30.84 0.22 7.07 13.46 23.32 

After acid 
treatment 

80 

5.54 

61.30 2.88 30.02 0.19 5.60 3.93 22,16 
80 
/80 

62.73 0.35 32.65 0.26 4.01 4.52 19.23 
100 
/80 

66.01 4.31 24.90 0.20 4.58 5.77 25.88 
100 
/80 

64.62 3.76 26.61 0.39 4.63 5.88 24.57 
Sodium lignin sulphonate granules 

Before acid 
treatment 

80 3.95 60.02 5.93 25.93 0.27 7.86 22.20 25.57 
100 8.99 59.81 5.34 27.36 0.18 7.31 20.20 24.64 

After acid 
treatment 

80 
/80 

8.65 

61.73 4.10 27.58 0.21 6.37 1.18 24.14 
80 
/80 

63.36 3.48 28.33 0.15 4.67 0.32 23.75 
100 
/80 

62.77 4.00 26.77 0.20 6.26 1.61 24.45 
100 
/80 

62.95 4.66 25.94 0.20 6.25 4.84 25.30 
Kraft lignin granules 

Before acid 
treatment 100 10.20 66.42 6,42 19.62 0.20 7.35 44.37 28,52 

After acid 
treatment 
(H2SO4) 

100 /70 
/100 

5.00 
62.80 5,08 22.43 0.20 9.48 0.24 26.54 

100 /70 
/130 63.99 5.07 22.07 0.22 8.65 0.58 26.88 

(CH3COOH) 100 /50 
/21 7.65 71.65 5.49 19.95 0.21 2.70 0.51 33.19 

Table 3 :  Elemental analysis (water and ash free) of lignin sludge’s briquettes after the acid 
treatment 

Material TR /C /TC 
[°C] 

Moisture 
[%] 

Carbon 
[%] 

Hydrogen 
[%] 

Oxygen 
[%] 

Nitrogen 
[%] 

Sulphur 
[%] 

Ash 
[%] 

HO 
(waf) 

Calcium lignin sulphonate granules 
After acid 
treatment 80 /80 /130 41.89 49.81 2.64 26.67 0.24 20.64 15.80 19.48 

Sodium lignin sulphonate granules 
After acid 
treatment 80 /70 /130 18.4 51.76 4.31 28.39 0.16 15.37 18.48 21.37 

Kraft lignin granules 
After acid 
treatment 

CH3COOH 
(50 % C) 7.50 52.50 7.52 33.88 0.17 5.93 41.30 23.41 
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CONCLUSION 
The challenging / restricting issues in 
utilization of black liquors are the high 
moisture content, presence of harmful cooking 
chemicals, high reactivity in powder form, 
high emissions, etc. The utilization of black 
liquors is restricted mainly due to their high 
presence of cooking chemicals and the sulphur 
content. The disadvantage in the handling and 
combustion of black liquors is the high amount 
of water content, reducing the calorific value 
due to evaporation losses. The calorific value 
of the lignin sludge can be increased by 
producing granules /briquettes respectively. 
The granules of lignin sludge’s are produced 
with the help of a spray-drying / spray-
granulation process, which increases the 
calorific value of the end products 
(hydrophobic granules) on average from 10 MJ 
kg-1 to a value in between 25 MJ kg-1 and 33 
MJ kg-1 depending on black liquor 
characteristics and their treatment processes. 
The acid treatment of granules resulted in 
removing the impurities, sustaining the 
particles as granules and increasing the 
filtration efficiency. The granules in the acid 
treatment have undergone a structural 
modification due to the melting and bridging 
of particles in the granule. The acid treatment 
of granules in a volume restrained device 
resulted in the development of briquettes. 
Briquettes have doubled the density (1351 kg 
m-3) compared to that of the granule density 
(670 kg m-3). The produced granules 
/briquettes were stable and hydrophobic. The 
granules or briquettes show a reduction in 
sulphur and ash contents from 13.5 to 3.9 % 
and 44.37 to 0.58 % after the acid treatment 
respectively, indicating the removal of 
impurities along with the stabilization of 
granule structure. 
The production of granules /briquettes 
following an acid treatment is considered as a 
more economical and ecological way of lignin 
sludge treatment due to their (i) increased 
filtration efficiency, (ii) reduction in acid 
requirement compared to traditional floccula-
tion systems, (iii) regaining its original 
insoluble characteristic, (iv) increase in calori-
fic value, (v) reduction of impurities and (vi) 
reduced handling and maintenance costs.  

This process is presently only tested on 
laboratory scale and it is expected that it can be 
implemented easily in the existing paper and 
pulp industries without major modifications, 
making the process more economical, 
ecological and environmental friendly. 
Compared to the conventional processes in 
separating lignin from black liquors and 
producing agglomerates (pellets), the 
innovative patented process described in this 
work has the following advantages : (i) 
production of process integrated hydrophobic 
agglomerates (granules / briquettes) reducing 
the need for further agglomeration, (ii) more 
efficient and faster acid treatment due to the 
size of the produced granules, (ii) reduced 
filtration problems due to particle size of the 
granules, (iii) higher yield of lignin with high 
purity. 
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