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LIGNIN RECOVERY

HEAT-TREATMENT

Potential Impact of Lignin Recovery from Black Liquor Yield and Precipitation Efficiency

Lignin production is projected to reach 225 million tons by 2030 .

Only 0.075 million tons of lignin are currently recovered from
biorefineries and soda processes 2.

About 1.3 billion tons of black liquor are generated annually 3.

Carbon Footprint Reduction through Lignin Recovery

Converting black-liquor lignin to tailored carbon materials or biofuel

intermediates (e.g., hydrotreatment or gasification routes) boosts e

biomethane yields and can produce drop-in transport fuels with large
GHG savings

Replacing fossil fuels with recovered lignin as biofuel in lime kilns also «

decreases overall CO, emissions.
Potential climate benefit ranges from -2 to 15 kg CO: eq per kg lignin 4.

Reduced Heat Load on Chemical Recovery

Removing 15-25% lignin can significantly impact mill operations.

It lowers the heat load on the recovery boiler, improving process
efficiency.

However, organic and inorganic balance needs to be maintained for
boiler operations.

A real-mill simulation estimated ~1.5 ton extra pulp per ton lignin
recovered, compensating for lost steam °.

The chemical reactivity of lignin changes during thermal
treatment. It can increase the amount of "acid-precipitatable"
lignin.

Essentially, added CO, or H,SO, in the next step, lignin is primed
to drop out of the solution efficiently.

In its natural state, Lignin isn't just floating freely; it is often
chemically "hooked" to residual sugars (hemicelluloses) through
LCC bonds.

Heat treatment acts like a pair of chemical scissors, cleaving
these bonds.

By separating the lignin from the carbohydrates, you ensure a
purer lignin product and prevent the sugars from interfering with
the precipitation chemistry.

Heat treatment breaks down some of the high-molecular-weight
lignin and hemicellulose fragments.

This significantly lowers the viscosity of the liquor, making it
much easier to handle in the pumps and heat exchangers of the
recovery unit.



LIGNIN REMOVAL AND CHEMICAL RECOVERY OPERATIONS °
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RENEWABLE POTENTIAL OF BLACK LIQUOR DERIVED LIGNIN, BOTH FOR ENERGY AND RAW MATERIALS
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Abbreviations:

*  W-ABBL: Weak Agro-Based
Black Liquor

* SC-ABBL: Semi-Concentrated
Agro-based Black Liquor
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HEAT TREATMENT AND LIGNIN EXTRACTION PROCESS
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RAW Vs HEAT-TREATED BLACK LIQUOR ACID PRECIPITATION
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MASS BALANCE OF LIGNIN EXTRACTION PROCESS FROM (a) W-ABBL (b) HEAT-

TREATED SC-ABBL

W-ABBL LIGNIN

HEAT-TREATED SC-ABBL LIGNIN
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prevent the effective separation of lignin into an individual recovery and utilisation.

independent phase.



COMPARISON BETWEEN W-ABBL an SC-ABBL LIGNIN

Lignin yield: 45.75%
Lignin Purity: 55.50%
Volatile Matter: 40.18%
Bulk Density: 0.75 g/ml
C:36.39%

H: 4.81%

N: 0.14%

$:5.31%

0: 14.06%

Ash: 12.30%

GCV: 3538.86 cal/gm
C/H ratio: 7.55

Fixed Carbon: 30.18%

S /
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SC-ABBL LIGNIN

* Lignin yield: 53.56%

e Lignin Purity: 87.50%

* Volatile Matter: 38.80%
* Bulk Density: 0.83 g/ml
 C:31.79%

* H:3.33%
* N:0.23%
e S:5.88%

* 0:12.04%
 Ash:15.74%

* GCV:3010.29 cal/gm
 C/H ratio: 9.55

* Fixed Carbon: 37.69%
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Lignin yield is enhanced, consistent with reports that

elevated temperature and acidic/ auto-hydrolytic
conditions cleave B-0O-4 and other LCC linkages.

The 12.65% and 15% declines in carbon content and GCV

post heat-treatment, respectively, indicate that the
carbohydrate and hemicellulose fractions present in

lignin dissolve in the filtrate during acid precipitation.
Increase in C/H ratio, which is indicative of aromatic

condensation or an increased degree of unsaturation. A

similar trend is also observed for lignin under ‘
hydrothermal carbonisation or thermal modification,
where higher temperatures increase aromaticity and the

formation of char-like structures.
Heat-treated SC-ABBL lignin showed higher bulk density

than W-ABBL lignin as a result of an increase in surface

area with degradation of the LCC bond.

Reduction in volatile matter in heat-treated SCABBL

lignin as compared to W-ABBL lignin is an outcome of

the escape of volatiles during thermal treatment,

thereby increasing fixed carbon content in heat-treated

SC-ABBL by 24.88%. »



FOURIER TRANSFORM INFRARED ANALYSIS
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A less intense and broader O-H band (nearly 3400 cm™) observed after heat treatment corresponds to dehydration/condensation

* A hypsochromic shift from 2921 cm™ to 2978 cm™ after heat treatment is due to demethylation and demethoxylation reactions.

* A relative change at 1600/1510 cm™ in lignin samples after heat treatment indicates condensation/crosslinking of aromatic units.

* a characteristic peak at 1718 cm!, which confirms the presence of C=0 stretching in esters/carboxylic acids (oxidised side chalns or
residual hemicellulose/fats). Thermal processing of black liquor increases carbonyl signals.
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The W-ABBL lignin shows a
dense, layered structure with
log- and wide-bar-shaped
formations.

The heat-treated SC-ABBL
lignin forms a highly porous
network resembling a
“beehive cluster” of
distorted polygonal and
spherical shapes.

This blistering of structures
is due to the thermal
degradation of LCC bonds
and the subsequent release
of volatile components.
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THERMOGRAVIMETRIC AND DERIVATIVE THERMOGRAVIMETRIC ANALYSIS
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Stage | (25-200°C), mass loss is due to the evaporation of surface-bound moisture and volatiles, with heat-treated SC-ABBL
lignin showing a lower moisture content (3.25%) than W-ABBL lignin (4.91%).

Stage Il (150-450°C), W-ABBL lignin shows greater mass loss in comparison to heat-treated SC-ABBL lignin, indicating a
higher presence of residual hemicellulose and cellulose in W-ABBL lignin.

Stage Il (345°C to completion), strong pyrolytic zone, lignin degradation zone. T: for heat-treated SC-ABBL lignin (724.25°C)
>W-ABBL lignin (695.81°C), shows a more condensed aromatic structure and superior thermal stability.
DTG, .,: -8.11 %/min (Heat-treated lignin) >-3.34 %/min(W-ABBL), confirming a more uniform and stable molecular

m 13
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DIFFERENTIAL SCANNING CALORIMETRIC ANALYSIS
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T,: 76.92°C (W-ABBL lignin) > 62.70°C (heat-treated SC- |
ABBL lignin), suggesting a more intact aromatic network,
higher molecular weight, and stronger n—m stacking and
hydrogen bonding in W-ABBL. ‘

Lower T, in SC-ABBL lignin suggests partial
depolymerisation, an increase in the number of phenolic

hydroxyl groups and chain mobility.

Crystallinity zone shows that both samples exhibited
endothermic peaks related to structural reorganisation.

W-ABBL showed a peak at 208.43°C, while SC-ABBL at
206.81°C. This reduction in SC-ABBL is attributed to
cleavage of ether linkages and decreased molecular ordering,
which requires less thermal energy for the transition.

Tm: 248.02°C for W-ABBL and 249.79°C for SC-ABBL, with
a smaller difference, indicates that heat treatment modifies
side chains and mobility.
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X-RAY DIFFRACTION ANALYSIS
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 Both W-ABBL and heat-treated SC-ABBL lignin show the diffraction peaks in the 20 range around 30°. ‘

* Lignin extracted from heat-treated SC-ABBL exhibited a sharper and more distinct peak near 30°, reflecting
reduced inorganic content, higher purity, and improved structural ordering.

* Lignin remains predominantly amorphous; the more explicit peak definition highlights the effectiveness of heat
treatment 1n separating and refining lignin compared to black liquor. -




CONCLUSION

O Black liquor is commonly used for lignin extraction; however, the presence of lignin—carbohydrate complexes
(LCCs) increases impurity levels.
O This study investigates the enhancement of lignin purity through heat treatment of black liquor to effectively break
LCC bonds.
U Preheating black liquor at 180 °C for 20 minutes prior to lignin extraction:
Facilitates easier lignin precipitation
Lowers the pH
Increases phenolic hydroxyl groups
Promotes demethylation and demethoxylation reactions
0 Heat treatment results in:
58% increase in lignin purity
17% increase in lignin yield
O FTIR analysis confirms structural modification of lignin due to thermal treatment, including partial degradation of
aromatic units.
O Surface morphology analysis shows:
Transformation from a dense structural matrix
To a porous, network-like structure after thermal degradation of LCCs
O Thermal analysis findings: Higher maximum mass-loss rate (DTG ,ax) of —8.11 %/min compared to —3.40 %/min
for untreated black liquor lignin.
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