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CHAPTER I

INTRODUCTION

1.1 GENERAL

The current annual Thailand economic is growing dramatically. This is leading
parallely to an increasing of paper demand. In the same way, eucalyptus trees are
cultivated increasingly to supply raw materials in this paper-making industry. Thus this
eucalyptus woods also are delivered on a pulping process. Then pulping process changes
eucalyptus wood to be a pulp, which is continued into other process.

Kraft pulping process is used generally in Thailand paper-making industry because
this kraft pulping gives a strong pulp and also can recycle chemical reagents. In addition
to this kraft pulping also gives a waste to form the black liquor. This black liquor normally
consists of sodium, sulfur, carbohydrate and lignin. This black liquor was delivered into
the step of water evaporation to concentrate the quantities of lignin. After water
evaporation, the concentrated black liquor just was applied as a source of fuel by sending
into burning system for using. in a next pulping process. However,. if there are too much
quantities of black liquor that was generated from kraft pulping, this black liquor could
not used all of this quantities are fuel. So it was released to water treatment system.
However, this treatment can not treat all of lignin in liquor. So black liquor has affected
for environment.

Lignin was an important component in black liquor. If this component was

separated to a single lignin component, this lignin component also can be used in variety
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application such as for a starting material of dispersant [1], coating material [2] and also
for the lignosulfonate synthesis [3]. Expectively, the lignosulfonate can be applied in
many fields for example as binder [4], dispersant [5] and emulsifier [6]. However, This
lignosulfonate still has to be imported considerably in any year. Therefore this research is
directed to synthesize lignosulfonate from separated lignin in order to reduce quantities of
imported lignosulfonate and also solve environment problem from releasing black liquor

onto surrounding area.

1.2 Objectives
1.To modify method for lignin isolation from eucalyptus kraft pulping black liquor.
2. To modify method for sulfonation of isolated lignin.
3. To compare the properties of synthesized lignosulfonates with commercial

available lignosulfonate.

1.3 Scope of investigation

The scope of this research intend to prepare lignosulfonate from lignin isolated
from black liquor by treatment of isolated lignin with the sulfonating agents such as sulfur
trioxide, fuming sulfuric acid, sodium sulfite or sulfomethylating agent. In this way, many
different parameters will be varied such-as reagent quantity, reaction time and reaction
temperature. These parameters will be determined to result in a desired yield. Finally, the
physical properties of this synthesized lignosulfonate also are determined to compare with

commercial lignosulfonate.



CHAPTER II

THEORY AND LITERATURE REVIEW

2.1 Lignin

In the past, lignin was called chemical substances of wood. After that, it was called
only part of noncellulose in wood. In the present, part of noncellulose can be isolated
many types of chemical substances such as carbohydrate, tannins, rosins and lignin etc.
Then these chemical substances were investigated widely in many fields.

Lignin is the second of most abundant renewable organic matter on earth,
immediately after cellulose, which it accompanies in wood, straw and other plant tissues.
The amount of lignin in plants varies widely and is normally in range of 20-30 % by
weight. In admixture with hemicellulose, it forms the cementing material for cellulose
fibrils and imparts strength to the structural elements of the plants. In chemical structure,
researchers were unclear about the nature of this very abundant material. Although it had
a higher carbon content than the carbohydrate, its chemical nature remained obscure for
a long time. Until in 1954 Lange, who applied UV microscopy at various wavelengths
directly on thin wood section, obtaining the lignin spectrum. This lignin spectrum
indicated typical of aromatic compounds. So the mail structure of lignin was aromatic
compounds' [7]. However, it was a amorphous polymer which be complex to discover
a true structure.

Beside aromatic structure, other lignin structure also consisted of hydroxyl,

methoxyl and carbonyl groups. So differential types of lignin also differ in these
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functional groups. Moreover, differentces of lignin structure depended on many factors
such as source and extraction cause of its differences. Therefore lignin has many types and
also can be nomenclatured by source such as wheat straw lignin, softwood lignin and
hardwood lignin. In a same way, It can be called by extraction method such as native
lignin (protolignin), milled wood lignin (MWL), sulfite lignin and kraft lignin etc [7].
Even lignin was applied in many products all around the world, it was used few
percents to compare with million tons of wood because lignin production used investment
higher than petrochemical production in the same application. However petrochemical raw
materials decrease continuously, especially have high cost in present. Therefore lignin

become important material again.

2.1.1 General properties of lignin

Lignin is a brown solid powder. Its density. is 1.3-1.4 g/cm®. Refractive index is
1.6. In nature of lignin, it insolubles water and strong mineral acids. Therefore 72%
sulfuric acid can separate lignin in wood carbohydrate. Almost lignin solubles alkaline
solution. A little lignin solubles oxygenerated organic compound and amine. X-ray
diffraction indicated lignin to be amorphous polymer. In addition, its low specific
viscosity shows that lignin is'a branch polymer. Finally, heat of combustion is about 29.5

MJ/kg [8].



2.1.2 Component and structure

Chemical component analysis of lignin was shown in Table 2.1.

Table 2.1 Chemical components of lignin in wood [8]

Species %C %H %0 %OCH;
Coniferous 63.8 6.3 29.9 15.8
Deciduous 59.8 6.4 33.7 21.4

Lignin is a phenolic polymer, which is built up by oxidative coupling of three
major C¢-C3 (phenylpropane) unit was shown in Figure 2.1, namely, syringyl alcohol (S),
guaiacyl alcohol (G) and p-hydroxyl alcohol (H) were shown in Figure 2.2, which form
a randomized structure in a tridimensional network inside the cell wall. Differential lignin

had also difference of S,G,H unit composition [9].

Figure 2.1 Nomenclature of phenylpropane unit
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Figure 2.2 Syringyl (S), Guaiacyl (G) and p-hydroxyl alcohol (H)

The major interunit linkage of lignin structure is an aryl-aryl ether types such as

B-5, B-O-4, 5-5, B-B, a-O-4 and 4-O-5 , shown in Figure 2.3.
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Figure 2.3 Examples of interunit linkage of lignin structure [9]

Besides the some 20 different types of bonds present within the lignin itself, lignin
seems to-be particularly associated with the hemicellulosic polysaccharides. Therefore, the

lignin structure is a complex crosslinking polymers as shown in Figure 2.4.
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Figure 2.4 Lignin structure

2.1.3 Source of lignin

Source of lignin is woad. Normally, it is insoluble water, unless it is degraded by
physical or chemical treatments. Therefore, these treatments can isolate lignin in wood.

From treatment in past, it gave detail of lignin quantity in wood, which differential

wood types get differentially a range of quantity. Table 2.2 shows lignin quantity in wood.



Table 2.2 Lignin contents of various woods [8]

Wood Lignin content (%)
Douglas fir 27.2
Noble fir 29.3
Engelmann 26.3
Jack pine 26.7
Slash pine 28.0
Western hemlock 27.8
Beech 21.0
Trembling aspen 19.3
White birch 20.0
Yellow birch 22.7
Chestnut oak 24.3
Red maple 22.3

Wood grow a compression condition has lignin contents difference from normal
condition. Beside lignin contents depend on main factor such as age, temperature and

season etc, which is shown in Table 2.3



Table 2.3 Lignin contents of various conditions [8, 10]

Source of lignin

Lignin content (%)

Spruce wood

Normal 26.0
Compression 38.0
Eucalyptus

Normal 29.5
Tension 13.8
Red pine (Tracheids)

Normal 28
Compression 40
Loblolly pine

Early sapwood 28.1
Late sapwood 26.8
Early heartwood 26.8
Late heartwood 24.2

10

Although lignin comes from many types of source, any source does not bring

a useful such as wood and bark from 'saw industry, agriculture and pulping factory.

Especially pulping industry has potential sufficiently to recycle lignin.
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2.1.4 Division of lignin

It can be divided in many ways such as

-Source (woody plant) of the lignin

-Methods used to remove lignin from the plant.

-Methods used to purify the lignin.

-Nature of the chemical modification of the lignin after isolation

For division with woody plant, this can divide mainly 3 types: softwood lignin,
hardwood lignin and non-wood lignin (straw, grass). Lignin of differential botanical origin
differs in the composition of phenylpropane unit (S, G and H). The composition may vary
from species to species, and also vary within the differential parts of the same plant. Table

2.4 shows the approximate compositions of some representative classes of lignins.

Table 2.4 The approximate compaositions of some representative classes of lignins [9].

%S %G %H
Softwood lignin 1 95 4
Hardwood lignin 50 50 2
Grass lignin 25 70 5
Compression wood lignin 0 70 30




12
1.)Softwood lignin such as pine, is used generally for producing a long fiber,
which increase strength of paper. This lignin consists of the prominent condensed unit,

where the aromatic rings are linked to other units with carbon or oxygen bonds [9], are

shown in Figure 2.5.

1% c
! 1
C\C (‘: C\C
A H3CO,
- ¥:a
S -t -
HaCO' “¥" TOCH, H3CO’ "-'; .;l)' ¢
o, o) o.
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¢ v
HO _ S
Ho T -
.. OCH, HO. - Oeaq ey
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HyCO™ ¥ A B-6 O-. a-6
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Figure 2.5 Structures and approximate abundancies of condensed units in lignin
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2.) Hardwood lignin such as eucalyptus and oak, is used to produce a shot fiber,
which increase density of paper. Hardwood lignins differ from softwood lignins mainly in
the inclusion of syringyl units (see Table 2.4), with concomitant reduction in the
occurrence of condensed units. A larger proportion of B-O-4 structural units, -1 and
resinol (B-B) units (see Figure 2.3) is also typical features of hardwood lignins [9].

3.) Non-wood lignin (straw, grass) such as cotton, bamboo. Lignins in grasses are
composed of a lignin core composed of guaiacyl and syringyl units with peripheral groups
that include p-hydroxycinnamic acid and ferulic acid units, the former being the major
component. These units are chemically bound to lignin core, mostly as esters. Some
p-hydroxyphenylpropane unit are also incorporated in the lignin but the amounts are of the
same order of magnitude as in softwood lignin (see in Table 2.4) [3].

For division of lignin with method, which used to remove lignin from the plant
[11], this can be divided many methods:

Brauns Lignin

It is obtained by the solvent extraction of wood meal. Lignin yield in this
procedure is very low (2-3%). Often referred to in early publications as Native Lignin.
Cellulolytic Enzyme Lignin

A Lignin preparation was isolated by cellulolytic enzyme treatment of finely
ground wood meal followed by solvent extraction. Although a tedious procedure,

relatively high yields of lignin are obtained.
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Dioxane Acidolysis Lignin

A lignin preparation isolated by the treatment of woody material with
dioxane/dilute HCI. Certain linkages are cleaved by this procedure thus altering the lignin
structure.
Milled Wood Lignin

It is isolated by solvent extraction and purification of finely ground wood meal.
Yield is ~ 25% of the total lignin. Of the lignin preparations available, this is thought to
best represent lignin found in wood. Also known as Bjorkman Lignin.
Klason Lignin

Lignin preparation isolated through the strong acid degradation of woody
materials. This procedure is used to quantify the amount of lignin in woody materials. The
lignin structure is markedly changed by the drastic conditions used in this treatment.
Periodate Lignin

It is lignin isolated through successive treatments of woody material with sodium
periodate followed by boiling water. This removes carbohydrates leaving lignin. Some
degradation of the lignin occurs with this method.
Organosolv Lignin

Lignin products produced from a number of different organic solvent-based systems

are referred to as organosolv lignins. The water insoluble products produced in these
systems are usually purified and contain-a very high percentage of lignin. Many different

modified lignin products have been developed from organosolv lignins including water-
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soluble sulfonated materials. These lignin products are currently not marketed because of
unfavorable economics associated with the production of pulp using these systems. The
following are the four major organosolv processes:

Alcell: Ethanol/water pulping.

ASAM: Alkaline sulfite anthraquinone methanol pulping.

Organocell: Methanol pulping followed by methanol, NaOH, and anthraquinone

pulping.

Acetosolv: Acetic acid/HCI pulping.
Steam Explosion Lignin

Woody material is separated into fibers through high temperature/high pressure

treatment with steam. The lignin material that is obtained contains low level of
carbohydrate and wood extractive impurities. The water insoluble lignin itself has
somewhat reduced molecular weight caused by acid hydrolysis reactions. This type of

system is often used along with enzymatic hydrolysis to produce sugars for fermentation.
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2.1.5 Application of lignin

Lignin was applied and was modified in many fields for example:

Binder in concrete [12], polymer [13], fiber [14], plywood [15], fertilizer [2],

animal feed [16], veneer [17], linerborad [18]

- Additive in ink , vanish, paint [19], electrode [20], thermosetting plastic [21],
household cleaning, laudry detergent [22], synthetic rubber [23]

- Chelating agent in bleaching process [24]

- Antioxidant in polypropylene [25], edible oil [26]

- Anti-carcinogen [27]

- Dispersant in bitumen [1]

- Preparation of activated carbon [28]

- Emulsion in asphalt [29]

- Absorber in water aqueous liquid [30]

- Precursor in vanillin and phenol compound synthesis [31].
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2.2 Pulp-making process

2.2.1 Raw materials for pulping process

Fibers, which are in woods, are raw materials for this process. However only some
woods can get a good fiber to suitable for pulping process. Moreover wood cost is also
considered to select a suitable type of wood for budget reducing.

Wood as raw material in pulping process can divide 2 classes:

1.) Wood can separate 2 classes:

1.1)  Softwood, such as pine spruce, grows in high and cool area. It grows
slowly. Its leafs are long and small. Fibers are called long fibers, which are rough and
strong. This fiber long about 3 mm and wide about 0.02-0.04 mm.

1.2) Hardwood, such as eucalyptus, acacia, birch and aspen. It grows
quickly in tropical area. Its leafs are wide. Fibers are called shot fibers. These fiber
characteristics are shot, fine and low strong fiber. Its lengths are 0.01-0.02 mm.

2.) Non-wood, such as cotton, bamboo, gives fiber to suitable for paper making.
Beside straw and sugar cane, which are residues in agriculture also give good fibers.
However these fiber lengths are not fix. Its length may be less 0.1 mm to more 1 cm.

Long fiber gets a pulp to differ from shot fiber. Long fiber, which is strong fiber,
use for a high impact paper such as paper for packaging, paper bag and corrugative box
etc. For shot fiber, owing to it is a fined fiber which get a smooth paper. Therefore it
suitable to produce printing and writing paper. In paper making from non-wood, It has
a many problems for paper making because of it needs a high volume warehouse for
storage. Especially these plants can not feed raw material fibers all season, only in harvest

period such as rice straw. Therefore it does not suitable for paper industry.
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2.2.2 pulping process

The objective of pulping is to solubilize and remove the lignin portion of wood
leaving the industrial fiber composed essentially of pure carbohydrate material. While
many variations are used throughout the world, the most convenient classification of
pulping method is by whether they are acidic or alkaline. Each has its own specific
advantages and disadvantages. All processes use agueous systems under heat and pressure.

1.) Sulfite process (acidic process) [32]

Lignin will react with the bisulfite ion (HSOs3) under acidic conditions to form
lignosulfonates (LS) that are soluble in water. For many years, This was the preferred
process since it produced pulps of light color that could easily be bleached, used cheap
chemicals in fairly limited amounts so that no recovery was necessary, and was
a relatively simple process to operate.

Spruce and fir are the preferred species for sulfite process since they produce
relatively strong, light-colored pulps. About 20 percent of newsprint consist of this type of
pulp that has not been bleached. Thus the sulfite industry is concentrated in Canada,
northern United States and the pacific coast where the supplies of spruce and fir are
greatest and the largest quantities of newsprint are produced.

2.) Kraft process (sulfate process or alkaline process) [32]

Any kind of wood can be pulped practically by the kraft process since it produces
the strongest pulps with good economics. Thus it has grown to be the dominant process in
the world. This process uses a mixture of sodium hydroxide and sodium sulfide as the

active chemical. It has pulping conditions which was shown in Table 2.5.
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Table 2.5 Typical kraft pulping conditions [32]

Pressure 100-110 psig

Temperature 170-175°C

Time 2-3 hrs.

Alkaline charge 15-25% of weight of wood

(5:2 NaOH:Na,S)

Liquor to wood ratio 4:1 (by weight)

Due to the high alkali charge, the chemicals must be recovered and reused. This
also alleviates pollution problems since the yield of pulp is only about 45 percent of the
original wood weight and these organic residues must be eliminated. After being cooked
in the digester, the pulp is washed in a countercurrent rotary vacuum washer system using
three or four stages. The pulp is then ready for bleaching or for use in papers such as
grocery bags.

The separated liquor is very dark and is known as black liquor. It is concentrated in
multieffect evaporators to 60-65 percent solids. At this concentration the quantity of
dissolved organic compounds from the wood (lignin and carbohydrate) is sufficient to
allow the liquor to be burned in recovery furnace. After burning, the inorganics collect on
the bottom of furnace as a molten smelt of Na,CO3 and Na,S. Sodium sulfate is added to
the liquor as make-up and is reduced to Na,S by carbon. After dissolving in water, this
mixture (called green liquor) is reacted with slaked lime.

Na,CO3 + Ca(OH)z —» 2NaOH + CaCO3
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Since The NayS does not react with the lime the resultant mixture of NaOH and

Na,S (called white liquor) can be reuse to pulp other wood. Chemical system is a closed

one as shown in Figure 2.7
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Figure 2.7 Diagram shows cyclic nature of the kraft recovery process [32]
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2.2.3 Black liquor from kraft pulping
Black liquor had solid contents in range 25-30%. These solids consisted of lignin
in range 25-45 % by solid weight [7, 33, 34]. The solid components in black liquor are

shown in Table 2.6

Table 2.6 Black liguor components [31, 33, 34]

Component Content

(% by solid weight)

Organic compounds

Lignin 25-45%
Aliphatic carboxylic acids 25-35%
Others compound 3-5%

Inorganic compounds
Sodium 17-20%

Sulfur 3-5%

The black liquor is burned in order to recycle these chemicals and contribute the
production of energy for next pulping. Then lignin in black liquor also is burned to get
energy. However, this lignin should be-applied in many fields more than burning for

examples dispersant, coating, vanillin synthesis and lignosulfonate synthesis.
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2.3 Chemical reaction during kraft pulping process

As in sulfite pulping, fragmentation of lignin depends on the cleavage of ether
linkages, whereas the carbon-to-carbonlinkages are essentially stable. The presence of
hydrosulfide ions greatly facilitates delignification because of their strong nucleophilicity
in comparison with hydroxyl ions, which, instead, are strongly basic. Cleavage of ether
linkages, promoted both by hydroxyl and hydrosulfide ions, results also in increasing
hydrophilicity of lignin because of the liberation of phenolic hydroxyl groups. The
degraded lignin is dissolved in the cooking liquor as sodium phenolates. Studies with
model substances representing various structural unit in lignin have largely clarified the
delignification reaction in kraft pulping [7].

Etherified phenolic structure containing p-aryl ether bonds In etherified
p-phenolic structure the B-aryl ether linkage is cleaved by hydroxide ions according to the

mechanism shown in Figure 2.8.

H3CO
A
HCZ0 CH O—CH
e @ ol
O—CH CH ! CH,
OH
a7 —

OCH; 'o@ OCHj OCH;
_O O e

Figure 2.8 Cleavage of B-aryl ether bonds in nonphenolic phenylpropane units

by hydroxide ions [7]



24

Free phenolic structure containing p-aryl ether bonds In kraft pulping,
hydrosulfide ions are present (strong nucleophiles). They react with the phenylpropane

unit to convert the structure with clevage of B-aryl ether bond (shown in Figure 2.9).

| H3CO, H3CO, H3CO,

| |
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O -
O Hsco S
100 °C | | |
| /~ 5—CH S

»\\ o8 ' 170 °C

OCH3 S OCHg OCHs T OCHg

Figure 2.9 Main reaction of the phenolic 3-aryl ether structures during kraft pulping [7]
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2.4 Pulping process of Advance Agro (Thailand) Co. Ltd. [35]

Advance Agro grows Camadulensis eucalyptus as raw material for pulping. Paper
make form eucalyptus wood has a lot of advantage such as

-Good formation of paper

-High bulk

-Good opacity produces thick paper with high opaque rate

-Smooth paper

-High brightness

Company uses kraft process for pulping. Procedure is shown in Figure 2.9
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2.5 Lignosulfonate
Lignin, which has sulfonated group in structure, is called lignosulfonate (LS).
Almost lignosulfonate come from sulfite process. It soluble water. Therefore it is applied

in many fields such as
Lignosulfonate as a binder

Lignosulfonates are a very effective and economical adhesive, acting as a binding
agent or "glue™ in pellets or compressed materials. Lignosulfonates used on unpaved roads
reduce environmental concerns from airborne dust particles and stabilize the road surface.

This binding ability makes it a useful component of:

- coal briquettes [36] - plywood & particle board [4]
- polyurethane foam [37] - animal feed pellets [38]
- carbon black [39] - dust suppressants [40]

- fertilizers & herbicides [40]

Lignosulfonate as a dispersant

Lignosulfonate prevents the clumping and settling of undissolved particles in
suspensions. By attaching to the particle surface, it keeps the particle from being attracted
to other particles and reduces the amount of water needed to use the product effectively.
The dispersing property makes lignosulfonate useful in:

- cement mixes [5] - dyes & pigments [41]

- gypsum board [42]
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Lignosulfonate as an Emulsifier
Lignosulfonate stabilizes emulsions of immiscible liquids, such as oil and water,
making them highly resistant to breaking. Lignosulfonates are at work as emulsifiers in:

- asphalt emulsions [6] - wax emulsions [6]
Lignosulfonate as a Sequestrant

Lignosulfonates can tie up metal ions, preventing them from reacting with other
compounds and becoming insoluble. Metal ions sequestered with lignosulfonates stay
dissolved in solution, keeping them available to plants and preventing scaly deposits in
water systems. As a result, they are used in:

- micronutrient systems [11] - cleaning compounds [11]

- water treatments for boilers and cooling systems [11]
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2.6 Sulfonation

The sulfonation can be handled with oleum, sulfuric acid, gaseous sulfur trioxide
or sulfite. The sulfonating group is introduced into structure by electrophilic substitution.
It accomplishes this by the use of sulfur trioxide in the presence of sulfuric acid (Figure

2.10-a) [43, 44].

SO;H
SO,
(a) +H,S0, * H,0

SOsH

S0,
(b)@ + 2H,50, + H,0

Figure 2.11 Reaction of sulfonation

Sulfur trioxide gas is dissolved into concentrated sulfuric acid at 20% to give what
is called “fuming sulfuric acid” which earns its name by billowing out white plumes of
smokey SO; fumes when the bottle is opened. The sulfur trioxide (SOs) Serves two
purposes. It acts first as the sulfonating agent and it prevents the unfavorable reversible of
this equilibrium by reacting with and effectively removing the water product thus driving
this equilibrium to the right.

SO3; + H,O —» H»S0O,
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The sulfonation can be accomplished without the sulfur trioxide by using excess
sulfuric acid (Figure 2.10-b) [43, 44]. The extra sulfuric acid will act as a dehydrating
agent absorbing the water and preventing the reversal of the equilibrium. This is not as
efficient as the sulfur trioxide so the reaction is much slower.

The reaction mechanism in the presence of the sulfur trioxide differs by that of
excess concentrated sulfuric acid in that step 1 in the mechanism shown in Figure 2.11
below is not necessary, and the mechanism begins essentially with step 2. In both

environment the SOj3 is apparently the sulfonating agent (step 2 in Figure 2.11) [43, 44].

1. HSO3H + HSOsH —~—== SO3* H,0™ HSO,

H._ SOz
2. © + SO ==
H__SOy %]
3. + HSO, ~—= © T H,S0,

SOz SOzH

4. © + H;0' = © * H,0

Figure 2.12 The reaction-mechanism-of sulfonation
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2.7 sulfomethylation
The sulfomethylation can be handled with formaldehyde and sulfite to form
hydroxy methane sulfonate intermediate. This intermediate turns to undergo reaction with

reactant to form methylsulfonate in structure (shown in Figure 2.12) [45].

CH,O + SOz° ——» HOCH,SO5
+

. H
HOCH,SO3 ——"CH,S05; + H,0O

7Y CH,SO,
© "CH,SO; ——>
i -H+
©/CH2503-

Figure 2.13 The reaction mechanism of sulfomethylation
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2.8 Literature reviews

In the past, isolation of lignin was studied in field of:

McCoy B.J. [46] extracted lignin from samples of white fir sapwood with
supercritical t-butanol and isopropanol. Experiments were carried out with a continuos
flow system to study the effect of temperature and pressure on the dynamic response of
extraction process. Increasing the temperature dramatically increased the fraction of lignin
extracted. Increased pressure also showed increased yields. Additional analysis examined
changes in porosity of wood residues extracted with supercritical isopropanol and
t-butanol.

Sun R. [47] treated Caligonum monogoliacum and Tamarix spp. with ethanol-
water (60/40,v/v) under acid catalyst (0.2 N HCI) at 70 °C for 4 h and then post-treatment
with 2% hydrogen peroxide at pH 11.5 for 16 h at 45 °C, respectively. Alkaline peroxide
post-treatment released a higher amount of lignin (10.6% from Caligonum monogoliacum
and 6.4% from Tamarix spp.).

Halkar U.P. [48] extracted lignin from walnut (Juglans regia) shell oil by roasting
at 250-300 °C. The lignin breakdown compounds of the oil were then isolated by solvent
extraction using petroleum-ether (60-80 fraction), separated by preparative TLC and were
fully characterized. The major compounds arising from lignin- breakdown are thus
identified guaiacol, 4-methylguaiacol, -4-ethylguaiacol, 4-propylguaiacol, syringol,
4-methylsyringol, 4-ethylsyringol and 4-propylsyringol.

Sun R. [49] extracted lignin from fast-growing poplar wood with 5, 7.5, and 10%
sodium hydroxide at 50 °C for 4-12 h . The pure lignin (PL) show relatively free of

associated polysaccharides and are composed of large amount of syringyl units together
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with noticeable quantities of guaiacyl and fewer p-hydroxyphenyl units. The lignin
fraction, extracted with 5% sodium hydroxide at 50 °C for 12 h from the dewaxed fast-
growing poplar wood, is composed mainly of 3-O-4 ether bonds together with small
amounts of B-f and B-5 carbon-carbon linkages between the lignin structural units.

Sun R. [50] treated the dewaxed wheat straw with 0.5 M potassium hydroxide at
35 °C for 2.5 h without ultrasonic irradiation and with ultrasound assistance for 5, 10, 15,
20, 25, 30 and 35 min results in a dissolution of the original lignin. The lignin preparation
isolated by alkali with ultrasound gives the high yield of lignin more than without
ultrasound and also slightly higher molecular weight and thermal stability than without
ultrasound.

Tanistra 1. [51] prepared high-purified lignin from black liquor by using
ultrafiltration polyacrylonitrile membranes. As a result, concentrates enriched with
macromolecular lignin were obtained. Raising the transmembrane pressure, the lignin
concentrates of high purity level were obtained (purity level higher than 80%).

Jonsson A.S. [52] separated lignin from the cellulose during kraft pulping by
ultrafiltration and dialfiltration. The result shows the lignin purity to be 36% in the
original kraft black liquor that was separated by ultrafiltration and 78% the perity lignin
was given after semi-continuous dialfiltration.

Rohella R.S. [53] separated lignin-from kraft black liquor with acid precipitating at
pH 3 and then extracted with solvent and also treated with 72% sulfuric acid. This isolated
lignin was high-purified lignin that had activation energy 29.87 kJ/mol.

Nada A.A [54] separated lignin from black liquor in 5 pulping processes: soda

pulping, kraft pulping, sulfite pulping, butanol-water pulping and peroxyformic pulping.
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As a result, lignin could be precipitated from soda and kraft black liquor by using 5%
sulfuric acid at pH 2-3. Lignin was precipitated from sulfite black liquor by using methy!l
alcohol to isolate lignosulfonate. Lignin was precipitated from butanol black liquor by
using benzene. Lignin was precipitated from peroxyacid by using water.

Perissotto D.O. [55] separated lignin from eucalyptus kraft pulping by using of
acetone:water and dioxane:HCI 0.1 M. A detailed structural characterization of the kraft
pulp extracts by FTIR and NMR showed that these brown extractives was the lignin
structure.

Lachenal D. [56] extracted lignin in kraft pulp by enzymatic hydrolysis of
carbohydrate, acidolysis with dioxne-water-HCI (conventional method) and acidolysis
with acetic acid-water-ZnCl,. The latter method was shown to extract lignin with a better
yield than for conventional acidolysis and with a much lower content in impurities than
for enzymatic hydrolysis.

In the past, preparation of lignosulfonate form lignin was studied in field of

Sulfite pulping proces This process changes lignin to form lignosulfonate by using
sulfite compound in various condition. The sulfite compound reacts with lignin to cleave
a-hydroxyl and a-ether groups in lignin structure (shown in Figure 2.14) [7].

H4CO H3CO H3CO

CH—SO3H
302 H,0
OCHs OCHj, ’ OCHj4
O [OH] O ["OH,] _O[OH]

Figure 2.14 Behavior of a-ether structure during sulfite pulping



35

Dilling P. [3] sulfonated the pine lignin with sulfuric acid having a concentration
of at least about 95%, while maintaining the temperature of the reaction below 40 °C for a
sufficient time in sulfonation. Sulfonation of lignin with sulfuric acid increase the sulfuric
acid quantity onto the structure of lignin at least about 1.7 moles sulfonic acid per mole of
lignin, while providing water-solubility of the product at a wide range of pH levels.

Dilling P. [57] sulfonated the pine lignin with fuming sulfuric acid. The result was
appeared form sulfonation with fuming sulfuric acid to provide an increases the sulfonic
acid quantity onto the lignin structure at least about 4.2 moles sulfonic acid per mole
lignin, while providing essentially complete water solubility of the product at all pH
levels.

Chaabouni M. [58] investigated preparation of a sulfonated esparto grass lignin
(SEL) and its behavior as a plasticizing-water-reducing agent for cement-water systems.
SEL is prepared by extracting the lignin from the black liquor of a soda esparto grass
pulping process and then sulfonating it with a mixture of sodium sulfite and
formaldehyde. Analysis results show that both the molecular weight average and the
combined sulfur content are relatively high. On the other hand, SEL could reduce the
water content, improve the workability and compressive strength of mortars. SEL also
permits a very low rate of slump loss of cements without excessive extension of the final

set time.



CHAPTER I

EXPERIMENTAL

3.1 Materials
1. Black liquor: waste from kraft process of Advance Agro (Thailand) Co. Ltd.
2. 96% Sulfuric acid: Merck
3. 65% Fuming sulfuric acid: Merck

4. Sodium sulfite: Fulka

5. 35% Formaldehyde solution: Merck
6. Sodium hydroxide: Fulka
7. Sodium chloride: commercial grade
8. Methanol: commercial grade

9. Sodium lignosulfonate: commercial grade

3.2 Apparatus
1. Fourier transform infrared spectrophotometer (FT-IR):
Model 1760x; Perkin EImer
2. Nuclear magnetic resonance spectroscopy (NMR):
Model 1760 AC-F 200 (200MHz); Bruker Spectrospin
3. Gel permeation chromatography (GPC):

Model PL-GPC 110


User
Text Box


The condition obtained GPC chromatogram was the following.

Eluent: 0.01 M NaOH
Flow rate: 0.6 ml/min
Injection volume: 20 pl
Temperature: 30 °C
Column set: Ultralinear hydrogel 1 column
Polymer standard: Polysaccharide standard Kits
Calibration method: Polysaccharide standard calibration
Detector: Refractive index detector

4. X-ray fluorescence spectrometer:

Model: PW-2400
5. Contact angle

Model: Kruss/DSA 10

37
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3.3 Procedures

3.3.1 Isolation of lignin from black liquor

The lignin was separated from black liquor by adding 25% sulfuric acid to result
the lignin precipitate at pH 3. Then lignin precipitate was filtered to give solid lignin. The
solid lignin was then washed with hot water many times until water was clear. Finally the
washed lignin precipitate was dried in vacuum oven to give a purified lignin in
188.13 g/ 1000 ml of black liquor. The purified lignin was characterized by FT-IR, *H

NMR, ¥C NMR, GPC and XRF.

3.3.2 Sulfonation of isolated lignin with 96% sulfuric acid

The solution of lignin (10 g) in methanol (50 ml) was placed in a 250 ml round
bottom flask. 96% sulfuric acid (10 g) was added to the solution by dropwise for 1 hour.
During dropping acid, the reaction mixture was stirred to below 30 °C. After finishing
dropping, the mixture was held at room temperature for 30 minutes. Then mixture was
evaporated by rotary evaporator to remove methanol. After that mixture was washed with
cool saturated sodium chloride solution to remove excess sulfuric acid. The solid was
neutralized with 5 M sodium hydroxide solution. The neutralized mixture was evaporated
by rotary evaporator to remove water. Then the ‘mixture was extracted with methanol.
After that methanol extractive portion was evaporated by rotary evaporator to result the
solid mixture of sodium lignosulfonate and unreacted lignin. Then the water was added
into the solid mixture to dissolve sodium lignosulfonate. The solid mixture was filtered to

give the filtrate of sodium lignosulfonate. Finally this filtrate was dried to give sodium
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lignosulfonate 0.34 g/ 10 g of isolated lignin. This synthesized sodium lignosulfonate was

characterized by FT-IR and **C NMR.

3.3.3 Sulfonation of isolated lignin with 65% fuming sulfuric acid

The solution of lignin (10 g) in methanol (50 ml) was placed in a 250 ml round
bottom flask. Then 65% fuming sulfuric acid which varied quantities to be 5, 10 and 15 g
was added to the solution by dropwise for 1 hour. During dropping acid, the reaction
mixture was stirred to below 30 °C. After finishing dropping, the mixture was held at
room temperature for 30 minutes. Then mixture was evaporated by rotary evaporator to
remove methanol. After that the mixture was washed with cool saturated sodium chloride
solution to remove excess sulfuric acid. The solid was neutralized with 5 M sodium
hydroxide solution. The neutralized mixture was evaporated by rotary evaporator to
remove water. Then the mixture was extracted with methanol. After that methanol
extractive portion was evaporated by rotary evaporator to result the solid mixture of
sodium lignosulfonate and unreacted lignin. Then the water was added into the solid
mixture to dissolve sodium lignosulfonate. The solid mixture was filtered to give the
filtrate of sodium lignosulfonate. Finally this filtrate was dried to give sodium
lignosulfonate yield (Table 4.1). " This synthesized ~sodium- lignosulfonate was

characterized by FT-IR, *C NMR, GPC and XRF.
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3.3.4 Sulfonation of isolated lignin with sodium sulfite

The slurry of lignin (10 g) in water (50 ml) was placed in a 250 ml round bottom
flask. 5 M sulfuric acid (0.1 ml) was dropped to be a catalyst. After that, sodium sulfite
(5 g) was added. The reaction mixture was stirred at 130 °C for 2 hours. After stirring, the
mixture was filtered to remove unreacted lignin. Then filtrate was evaporated by rotary
evaporator to remove water. After that the solid which got after evaporation was extracted
with methanol. Finally, the extractive solution was dried to give sodium lignosulfonate
3.87 g/ 10 g of isolated lignin yield. This synthesized sodium lignosulfonate was

characterized by FT-IR, **C NMR, GPC and XRF.

3.3.5 Sulfomethylation of isolated lignin

The slurry of lignin (10 g) in water (50 ml) was placed in a 250 ml round bottom
flask Then 5 M sulfuric acid (0.1 ml) was dropped to be a catalyst. After that, sodium
sulfite: formaldehyde which varied composition to be 4: 0.95, 5: 1.19 and 10: 2.38 g
sodium sulfite: formaldehyde was added. The reaction mixture was stirred by vary
temperature at 100 and 130 °C and vary time 1, 2 and 6 hours. After stirring, the mixture
was filtered to remove unreacted lignin. Then filtrate was evaporated by rotary evaporator
to remove water. After that solid which got after evaporation was washed with saturated
sodium chloride solution to remove an intermediate component and then the washed solid
was extracted with methanol. Finally, the extractive solution was dried to give sodium
lignosulfonate yield (Table 4.2). This synthesized sodium lignosulfonate was

characterized by FT-IR, **C NMR, GPC and XRF.



Table 3.1 Conditions of lignosulfonate synthesis
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Sulfonating Quantity of reagent required/ | Temperature | Time
reagent isolated lignin (gram ratio) (°C) (hour)
96% sulfuric acid 1:1 30 1.5
0.5:1 30 1.5
65% fuming sulfuric acid 1:1 30 1.5
15 30 1.5
Sodium sulfite 0.5:1 130 2
0.4:0.095:1 130 2
0.5:0.119:1 130 2
1:0.238:1 130 2
Sodium sulfite: formaldehyde
0.5:0.119:1 130 1
0.5:0.119:1 130 6
0.5:0.119:1 100 2
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3.4 Properties testing of synthesized lignosulfonate

3.4.1 Water solubility of synthesized lignosulfonate

Water solubility was used to measure the amounts of lignosulfonate dissolves in
a given amounts of deionized water at room temperature. Water solubility was expressed

as grams of lignosulfonate per 1000 ml of deionized water.

3.4.2 Surface tension testing of synthesized lignosulfonate

Surface tension from various concentrations of lignosulfonate solution (10°, 10,
10 and 10 M) was tested contact angles instrument. Single liquid of lignosulfonate
solution was dropped on a solid surface in the gas phase. After that, contact angle of

lignosulfonate drop was analyzed to determinate the surface tension of lignosulfonate.



CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Isolation of lignin from black liquor

Black liquor, which had pH 14, was adjusted to pH 3.0 with 25% sulfuric acid and
precipitate was obtained. The precipitate was then filtered to give the brown solid lignin.
For the part of filtrate, the main component of filtrate solution was the polysaccharide,
which decomposed and dissolved, in acid condition at pH 3.0. Therefore, this
polysaccharide was dissolved in the filtrate solution and separated from solid lignin.
However after finishing acidic precipitation, the solid lignin precipitate contained
impurities. These impurities may be tannin and inorganic compounds such as sodium
carbonate, sodium hydroxide, sodium sulfate and sodium sulfide. To remove inorganic
compounds and tannins in form of amphur colloid, the solid lignin precipitate was washed
with hot water many times until hot water was clear. The washed lignin precipitate was
dried in a vacuum oven to give a pure lignin of 188.13 g/1000 ml. The pure lignin
structure was characterized by FT-IR, *H' NMR, *C MNR, XRF and GPC. These
characteristic: results of isolated lignin are shown in. Figures Al, B1, C1, D1 and E1,

respectively.
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Form Figure Al, the FT-IR spectrum of isolated lignin shows absorption peaks as

summarized in Table 4.1

Table 4.1 IR absorption of isolated lignin

Band (cm™) Assignment
3424 O-H stretching
2941 C-H stretching of methyl or methylene group
2844 C-H vibration of methyl group
1520 Aromatic skeletal vibration
1458 C-H vibration of methyl group
1334 C-O stretching aromatic methoxyl
1225 C-O stretching aromatic phenyl
1112 O-H stretching of alcohol
828 C-H aromatic out of plane

Form Figure B1, *H NMR spectrum of isolated lignin showed chemical shift as

listed in Table 4.2

Table 4.2 'H NMR of isolated lignin

Band (ppm) Assignment
7.3-6.0 Aromatic H
4.5-3.5 Aliphatic H for CH«-OH
4.0-3.0 Methoxy H
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Form Figure C1, **C NMR spectrum of isolated lignin showed chemical shift as

given in Table 4.3

Table 4.3 *C NMR of isolated lignin

Band (ppm)

Assignment

150-145

140-137

136-133

117-114

108-102

57-55

Carbon 3 and 5 of phenolic syringyl
Carbon 3 and 4 guaiacyl

Carbon 4 of etherified syringyl
Carbon 1 of guaiacyl and syringyl
Carbon 5 of guaiacyl

Carbon 2 and 6 of syringyl

Carbon of methoxy group

The **C NMR spectrum of isolated lignin was similar to the that of Dmitry” lignin

[59], which showed both carbon signals of guaiacyl and syringyl phenylpropane

monomer. This indicates that isolated lignin in this work should have both guaiacyl and

syringyl phenylpropane as a main phenylpropane monomer in isolated lignin structure.

From Figure D1, elemental analysis data of isolated lignin with XRF indicated

a sulfur quantity of 0.42% in the isolated lignin structure. This sulfur quantity possibly

come from the reaction of sulfide alkaline solution during krakt pulping process. The

sulfide intermediate changed ‘lignin' molecules to form monosulfide lignin, which

monosulfide lignin was dissolved in black liquor and was removed from pulp [7]. Other

factors resulting a little sulfur in isolated lignin may be due to the remaining excess 25%

sulfuric acid added in the step of lignin precipitation.



46

From Figure E1, GPC analysis data of isolated lignin indicated molecular weight

(M) of lignin of 13,192, M,, of 9,481 and molecular weight distribution (MWD) of 1.391.

4.2 Sulfonation of isolated lignin
4.2.1 Sulfonation of isolated lignin with 96% sulfuric acid
Mechanism of sulfonation of isolated lignin with 96% sulfutric acid can be

explained as Figure 4.1

R
O -
/\ua 505
+ ﬁ:o
H5CO
3 O HsCO
OH OH
R R
SOz SO5”
+ HSO4- e —— + HzSO4
H3CO H5CO
OH OH
R R
SO3’ SOzH
o} H30+ + HZO
H3CO H3CO
OH OH

Figure 4.1 Mechanism of sulfonation of isolated lignin with 96% sulfuric acid
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The isolated lignin was sulfonated with 96% sulfuric acid to give the lignosulfonic
acid. Then lignosulfonic acid was neutralized with 5 M a sodium hydroxide solution to
give the sodium lignosulfonate. Sodium lignosulfonate was resulted in a low yield of
sodium lignosulfonate (0.34 g/ 10 g isolated lignin). The reason of a low yield of sodium
lignosulfonate may be due to the low quantities of sulfur trioxide in 96% sulfuric acid.
This sulfur trioxide was used to be a sulfonated reactant which reacted with isolate lignin
for synthesis of sodium lignosulfonate. So if sulfur trioxide in 96% sulfuric acid had low
quantities, it is not sufficient in treating lignin to be sodium lignosulfonate. Then
sulfonation of isolated lignin with 96% sulfuric acid was not suitable for sodium
lignosulfonate synthesis. The FT-IR and **C NMR of sodium lignosulfonate from
sulfonation of isolated lignin with 96% sulfuric acid were shown in Figures A2 and C2.

Figure 4.2 compares the FT-IR spectrum of synthesized sodium lignosulfonate

with FT-IR spectra of isolated lignin and commercial lignosulfonate (Figure A6).
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Figure 4.2 FT-IR spectra of (a) isolated lignin, (b) sodium lignosulfonate and

(c) commercial lignosulfonate
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As seem in Figure 4.2, at a region of 1300-1000 cm™ the FT-IR absorption band of
sodium lignosulfonate is similar FT-IR absorption band of commercial lignosulfonate and
isolated lignin. In this region 1300-1000 cm™, this synthesized sodium lignosulfonate
appeared the signals of antisymmetric stretching of sulfonate salt appeared at 1180 cm™
and symmetric stretching of sulfonate salt appeared at 1123 cm™ [58]. These both signals
of sulfonate salt were appeared the same position with signals of phenol C-O stretching
and methoxyl C-O deformation. Therefore only the FT-IR absorption band at region 1300-
1000 cm™ could not be used to identify the difference between the characteristic of this
synthsized sodium lignosulfonate and isolated lignin. However, the signal at 620 cm™ was
assigned to be the C-S vibration of sulfonate salt sulfur which links to carbons of lignin
structure. This signal was not observed in unsulfonated lignin. Therefore, this signal may
be used for qualitative analysis of the sulfonated product.

From Figure 4.3 shows a comparison of the *C NMR spectrum of synthesized

sodium lignosulfonate (Figure C2), isolated lignin and commercial product (Figure C6).
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Figure 4.3 3C NMR spectra of () isolated lignin, (b) sodiumlignosulfonate and

(c) commercial lignosulfonate
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From Figure 4.3, the *C NMR spectra of synthesized sodium lignosulfonate did
not show the signal of the carbon that links to a sulfonate group because this synthesized
sodium lignosulfonate had low quantities of this sulfonated carbon in the sodium
lignosulfonate structure in comparison with other carbons in the sodium lignosulfonate

structure.

4.2.2 Sulfonation of isolated lignin with 65% fuming sulfuric acid

The isolated lignin was sulfonated with 65% fuming sulfuric acid to give the
lignosulfonic acid. Then this lignosulfonic acid was neutralized with 5 M sodium
hydroxide solution to give the sodium lignosulfonate. Yields of this synthesized sodium

lignosulfonate are shown in Table 4.4

Table 4.4 Yields of sodium lignosulfonate from sulfonation of isolated lignin with

65% fuming sulfuric acid

Quantity of
Condition of sulfonation sodium lignosulfonate

(9/10 g isolated lignin)

0.5:1 gram ratio of 65% fuming H,SO4: isolated lignin 6.01

1:1 gram ratio of 65% fuming H,SO4:isolated lignin 8.77

1.5:1 gram ratio of 65% fuming H,SOy: isolated lignin 8.81
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From Table 4.4, sodium lignosulfonate from conditions 1:1 and 1.5:1 gram ratio of
65% fuming sulfuric acid: isolated lignin got similarly the highest yield. However, sodium
lignosulfonate from condition 1:1 gram ratio of 65% fuming sulfuric acid: isolated lignin
used 65% fuming sulfuric acid less than the other one. So this 1:1 condition was optimum
condition for this synthesis. In addition, sodium lignosulfonate from sulfonation with
65% fuming sulfuric acid gave higher yield than sodium sulfonate from sulfonation with
96% sulfuric acid because of quantities of sulfur trioxide in 65% fuming sulfuric acid
which added sulfonic group in isolated lignin structure was higher than sulfur trioxide in
96% sulfuric acid. The FT-IR, **C NMR, XRF and GPC results of sodium lignosulfonate
in condition 1:1 gram ratio of 65% fuming sulfuric acid: isolated lignin are shown in
Figure A3, C3, D2 and E3.

From Figure A3, FT-IR spectrum of sodium lignosulfonate from sulfonation with
65% fuming sulfuric acid appeared the signals of antisymmetric stretching of sulfonate
salt at 1221 cm™, symmetric stretching of sulfonate salt at 1118 cm™ and C-S vibration of
sulfonate salt at 620 cm™.

From Figure C3, **C NMR spectrum of this synthesized sodium lignosulfonate
gave detail to similar that of isolated lignin. Therefore its spectrum still could not identify
carbon that links to sulfur of a sulfonate salt in sodium lignosulfonate.

From Figure D2, XRF of this sodium lignosulfonate indicated that sodium
lignosulfonate structure had quanties of sulfur to be 10.62%. Therefore, this sodium
lignosulfonate had the quantity of sulfonate salt in sodium lignosulfonate structure to be
equal to the quanntity of sulfur got from XRF. However, its sulfur quantity was lower than

sulfur quantity of commercial lignosulfonate (14.26% sulfur, shown in Figure D5).
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From Figure E2, GPC of this sodium lignosulfonate shows M,, was 13,490, M,
was 9,322 and MWD was 1.447. However when GPC of this sodium lignosulfonate was
compared with GPC of commercial lignosulfonate (Figure E5), My, M, and MWD of
sodium lignosulfonate from 65% fuming sulfuric acid sulfonation were lower than My,, M,
and MWD of commercial sodium lignosulfonate (M= 21,602, M,= 14,354 and MWD=

1.505)

4.2.3 Sulfonation of isolated lignin with sodium sulfite

Mechanism of sulfonation with sodium sulfite was shown in Figure 4.4

CHoOH

CHOR

CHOH

OCHjs

OH

l -H50
CHZOH CHZOH CH,
CHOR 5 CHOR COR
CHSO5 22 CH ] CH
:t "OCHg3 jt “OCHs3 OCHj3
OH o) o)

soi}//
$HzSO§ $stog
IR ! CHOR
CHSO3" S0s7 3
«—
OCH3 OCHj3

OH OH

Figure 4.4 Mechanism of sulfonation of isolated lignin with sodium sulfite [60]
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After finishing sulfonation of isolated lignin with sodium sulfite, the product was
in form of sodium lignosulfonate. This sulfonation gave sodium lignosulfonate in low
average yield of 3.87 g,/10 g isolated lignin. The FT-IR, *C NMR, XRF and GPC results
of this sodium lignosulfonate are shown in Figures A4, C4, D3 and E4, respectively.

From Figure A4, FT-IR spectrum of sodium lignosulfonate from sulfonation of
isolated lignin with sodium sulfite appeared the signals of antisymmetric stretching of
sulfonate salt at 1201 cm™, symmetric stretching of sulfonate salt at 1118 cm™ and C-S
vibration of sulfonate salt at 615 cm™.

From Figure C3, *C NMR spectrum of this sodium lignosulfonate also gave detail
to similar that of lignin. Therefore its spectra could not identify carbon that links to sulfur
of sulfonate salt in sodium lignosulfonate.

From Figure D3, XRF of this sodium lignosulfonate indicated that sodium
lignosulfonate structure had quanties of sulfur to be 10.77%. Thus this sodium
lignosulfonate had the quantity of sulfonate salt in sodium lignosulfonate structure same
the quanntity of sulfur that got from XRF. However, its sulfur quantity was lower than
sulfur quantity of commercial lignosulfonate.

From Figure E3, GPC result showed M,, was 13,106, M, was 9,694 and MWD

was 1.352.
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4.2.4 Sulfomethylation of isolated lignin

Mechanism of sulfomethylation of isolated lignin is shown in Figure 4.5

CH,O + S03° — > HOCH,SO3
H+
HOCH,SO3” ——» H,0"CH,SO3’

R

/\ , CH,SO3"

“CH,S03
HsCO H3CO

OH

e

R
CH,SO3"

R

OH

H3CO
OH

Figure 4.5 Mechanism of sulfomethylation of isolated lignin

After finishing sulfomthylation of isolated lignin with sulfomethylating agent, the
product was in form sodium 'lignosulfonate Yields of sodium  lignosulfonate from

sulfomethylation in various conditions are shown in Table 4.5
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Table 4.5 Yields of sodium lignosulfonate from sulfomethylation of isolated lignin

in various conditions

Quantity of

Condition of sulfomethylation sodium lignosulfonate

(9/10 g isolated lignin)
0.4:0.1:1 gram ratio of Na,SOs: CH,0: isolated lignin 130 °C 2 h 12.06
0.5:0.119:1 gram ratio of Na,SOs: CH,0: isolated lignin 130 °C 2 h 12.66
1:0.238:1 gram ratio of Na;SO3: CH,O: isolated lignin 130 °C 2 h 12.71
0.5:0.119:1 gram ratio of Na,SOs: CH,0: isolated lignin 130 °C 1 h 11.85
0.5:0.119:1 gram ratio of Na,SO3: CH,0: isolated lignin 130 °C 6 h 12.58
0.5:0.119:1 gram ratio of Na,SO3: CH,0: isolated lignin 100 °C 2 h 12.21

From Table 4.5, conditions of both 0.5:0.119:1 and 1:0.238:1 gram ratio of sodium
sulfite: formaldehyde: isolated lignin 130 °C 2 h got the highest yields of sodium
lignosulfonate. However, sodium lignosulfonate from condition 0.5:0.119:1 gram ratio of
sodium sulfite: formaldehyde: isolated lignin 130 °C 2 h used reactant less than the other
one. Therefore, this 0.5:0.119:1 gram ratio condition was optimum for these
sulfomethylations. However, quantities of sodium lignosulfonates, which gave from each
conditions, were not much differences in range 11.85-12.71 g. Therefore, although this
optimum ‘condition gave the highest sodium lignosulfonate yield, it may not suitable for
application in term of industry. The FT-IR, ¥*C NMR, XRF and GPC results of this

synthesized sodium lignosulfonate from condition 0.5:0.119:1 gram ratio of sodium
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sulfite: formaldehyde:isolated lignin 130 °C 2 h are shown in Figures A5, C5a-C5b, D4
and E5.

From Figure A5, FT-IR spectrum of sodium lignosulfonate from sulfomethylation
of isolated lignin appeared the signals of antisymmetric stretching of sulfonate salt at 1160
cm™, symmetric stretching of sulfonate salt at 1129 cm™ and C-S vibration of sulfonate
salt at 625 cm™.

From Figure C5a, *C NMR spectrum of this synthesized sodium lignosulfonate
before washing with saturated sodium chloride solution, showed singlet peak at 74 ppm.
This peak was methyl carbon of hydroxymethanesulfonate, which is an intermediate
component which occurred during sulfomethylation reaction. Therefore, this component
was removed from sodium lignosulfonate by washing with saturated sodium chloride
solution. After washing with saturated sodium chloride solution, this intermediate
component peak disappeared to show spectrum similar to *C NMR spectrum of lignin
(Figure C5b).

From Figure D4, XRF indicated that sodium lignosulfonate had 15.90% quantities
of sulfur, which got sulfur higher than sulfur in commercial lignosulfonate. .

From Figure E4, GPC result showed M,, was 18,118 M, was 11,932. Its molecular
weight is higher than that of isolated lignin and synthesized sodium lignosulfonate form
other sulfonations because formaldehyde reactant which unreacted ‘sulfomethylation
linked between sodium lignosulfonate malecules together to get high molecular weight of

sodium lignosulfonate [61] (Figure 4.6).
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Figure 4.6 Linkation between lignosulfonate molecules with formaldehyde
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Formaldehyde reaction also caused of higher molecular weight distribution, which

MWD was 1.518.



59

4.3 Water solubility of synthesized lignosulfonate

From water solubility, their solubility is shown in Table 4.6.

Table 4.6 Solubility of synthesized lignosulfonate

Water solubility
Condition
(9/1000ml)

Isolated lignin -

1:1 gram ratio of 65% fuming H,SO,: isolated lignin 170
0.5:1 gram ratio of Na,SQOg: isolated lignin 130 °C 2 h 200
0.5:0.119:1 gram ratio of Na,SO3: CH,O: isolated lignin 130 °C 2 h 230
Commercial lignosulfonate 440

From Table 4.6, isolated lignin, which is insoluble in water, was changed to be
sodium lignosulfonate by sulfonation or sulfomethylation. This synthesized sodium
lignosulfonate can improve water solubility. Sodium lignosulfonate from sulfomethylation
of isolated lignin in condition 0.5:0.119:1 gram ratio of sodium sulfite: formaldehyde:
isolated lignin give the highest water solubility when compared with synthsized sodium
lignosulfonate from other sulfonation because this sulfomethylated sodium lignosulfonate
has the highest sulfur quantities in strucure which increased that for product. However, its
water solubility was- lower than that of commercial lignosulfonate because these
synthesized sodium lignosulfonates may come from different tree sources and they also
possibly their structures were changed after treatment by chemical compounds in kraft

pulping process.
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4.4 Surface tension of synthesized lignosulfonate

Surface tension of sodium lignosulfonate from sulfomethylation in condition
0.5:0.119:1 gram ratio of sodium sulfite: formaldehyde: isolated lignin at 130 °C 2 h
which give the highest water solubility is compared with that of commercial

lignosulfonate, as shown in Figure 4.7.
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Figure 4.7 Surface tension values of lignosulfonate

From Figure 4.7, surface tension values of sulfomethylated sodium lignosulfonate
and commercial lignosulfonate show similarly trend of surface activity. Therefore this
sulfomethylated lignosulfonate can be used as surfactant for replacing commercial

lignosulfonate.



CHAPTER V

CONCLUSION

From this study, it can be concluded that the isolation of lignin from eucalyptus
kraft pulping black liquor after acid precipitation at pH 3 and washing with hot water,
could get yield of purified lignin 188.13 g/ 1000 ml black liquor. Then isolated lignin was
used to prepare the lignosulfonate compound by sulfonation with 96% sulfuric acid, 65%
fuming sulfuric acid, sodium sulfite and sulfomethylating agent. The optimum condition
for synthesis of lignosulfonate was carried out at 130 °C 0.5:0.119:1 by weight ratio of
sodium sulfite: formaldehyde: lignin for 2 hours. The lignosulfonate yield was 12.66 g/ 10
g lignin. In addition, lignosulfonate from this synthesis with sulfomethylation was
obtained with the highest quantities of sulfur in lignosulfonate structure, in comparison
with lignosulfonate from other synthesis of sulfonation reaction. The sulfomethylated
lignosulfonate also was linked between lignosulfonate molecules together by
formaldehyde which unreacted sulfomethylation. Therefore, this linkation caused of
getting higher molecular weight and molecular weight distribution than molecular weight
and molecular weight distribution of synthesized lignosulfonate from other sulfonation.

From water solubility, lignosulfonate, which was prepared by sulfomethylation in
condition 0.5:0.119:1 by weight ratio of sodium sulfite: formaldehyde: lignin 130 °C for 2
hours, was found to have the highest water solubility. However, its water solubility was
lower than water solubility of commercial lignosulfonate. On the other hand, surface

tension of this sulfomethylated lignosulfonate got similar surface activity to commercial
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lignosulfonate. Therefore this sulfomethylated lignosulfonate can be used as surfactant

which similar to commercial lignosulfonate.

SUGGESTION FOR FUTURE WORK

In future work, other properties of lignosulfonate, such as dispersant and

emulsifier, should be studied for information of applications of lignosulfonate.



References

1. Liang, Z.Z. “Lignin Based Colloidal Compositions” US Patent. 6737443, 2004.
2. Ramirez, F., Gozalez V., Crepo, M., Meier, D., Faix, O. and Zuniga, V.
“Ammoxidized Kraft Lignin as a Slow-Release Fertilizer Tested on Sorghum

vulgare” Bioresource Technology. 61(1), 1997, 43-46.

3. Dilling, P. “Sulfonation of Lignins” US Patent. 5049661, 1991.

4. Bornstein, L.F. “Lignin-Based Composition Board Binder Compring a Copolymer of
a Lignosulfonate, Melamine and an Aldehyde” US Patent. 4130515, 1978.

5. Gargulek J.D., Bushar, L.L., and Sengupta, A.K. “Ammoxidized Lignosulfonate
Cement Dispersant” US Patent. 6238475, 2001.

6. Hollis, W. and Linda, M *“Stable Lignosulfonate Emulsion” US Patent.
4666522, 1987.

7. Sjostrom, E. Wood Chemistry Fundamentals and Applications. Findland: Harcourt

Brace Jovanovich, 1981, pp. 68-82, 104-144.

8. Othmer, D.F. Encyclopedia of Chemical Technology. 2" ed. Vol 2. New York: John

Wiley & Son, 1968, pp. 361-381.

9. Hofrichter, M.'and Steinbuchel, A. Biopolymer : Lighin, Humic Substances and

Coal. Vol. 1. New York: Weinheim: Wiley-VCH, 2001, pp. 89-127.

10. Hon, D. and Shiraishi, N. Wood and Cellulose Chemistry. New York: Marcel

Dekker, 1991, pp. 64-66.

11. “Lignin and its Properties” [online] Available from http://www.lignin.info. 2001.



User
Text Box


12.

13.

14.

15.

16.

17.

18.

19.

20.

64

Ishitoku, H., Sugiwaki, T., Kawamura, M. and Nakamoto, T. “Lignin Composition,
Method of Producing The Same and Dispersing Agent for Cement Used The
Same” US Patent. 5811527, 1998.

Raghi, S.E., Zahran, R.R. and Gebril, B.E. “Effect of Weathering on Some Properties

of Polyvinyl Chloride/Lignin Blends” Material Letters. 46, 2000, 332-342.

Rozman, H.D., Tan, K.W., Kumar, R.N., Abubakar, A., Mohd, Z.A. and Ismail, H.
“The Effect of Lignin as a Compatibilizer on The Physical Properties of Coconut

Fiber-Polypropylene Composites” European Polymer Journal. 36(7), 2000, 1483-

1494,
Vazquez, G., Bona, C., Freire, S., Alvarez, J. and Antorrena, G. “Acetosolv Pine
Lignin as Copolymer in Resins for Menufacterure of Exterior Grade Plywoods”

Bioresource Technology. 70(2), 1999, 209-214.

Knudsen, K. “Carbohydrate and Lignin Contents of Plant Materials Used in Animal

Feeding” Animal Feed Science and Technology. 67(4), 1997, 319-338.

Lucas, P.C., Ronald, J, Elizabeth, M. and Lawrence, C. “Method of Forming a
Lignin Reinforced Cellulosic Product” US Patent. 5338404, 1994.

Doering, G.A. “Lignin Modified Phenol-Formaldehyde Resins” US Patent.
5202403, 1993.

Belgacem, M.N., Blayo, A. and Gandini, A. “Organesov Lignin as a Filler in Inks,

Varnishes and Paints” Industrial Crops and Products. 18, 2003, 145-153.

Ban, I., Yamaguchi, Y., Nakayama, Y., Hirai, N. and Hara, S. “In Situ EC-AFM
Study of Effect of Lignin on Performance of Negative Electrodes in Lead-acid

Batteries” Journal of Power Sources. 107, 2002, 167-172.




21.

22.

23.

24.

25.

26.

217.

28.

29.

65

Thielemans, W. and Wool, R.P. “Butyrated Kraft Lignin as Compatibilizing Agent

for Natural Fiber Reinforced Thermoset Composites” Composites: Part A. 35,

2004, 327-338.
Scheibel, J.J. “Household Cleaning and/or Laundry Detergent Compositions
Comprising Lignin-Derived Materials” US Patent. 6689737, 2004.
Boutsicaris, S.P. “Lignin Reinforced Synthetic Rubber” US Patent.
4477612, 1984.
Goncaves, A. and Benar, P. “Hydroxymethylation and Oxidation of Organosolv

Lignin and Ultilization of The products” Bioresource Technology. 79, 2001,

103-111.
Pouteau, C., Dole, P., Cathala, B., Averous, L. and Boquillon, N. “Antioxidant

Properties of Lignin in Polypropylene” Polymer Degradation and Stability. 81,

2003, 9-18.
Guttman, T.K. and Odzeniak, D. “Antioxidant Properties of Lignin and its Fraction”

Thermochemica Acta. 231, 1994, 161-168.

Kosikova, B., Slamenova, D., Mikulasova, M., Horvathova, E. and Labaj, J.
“Reduction of Carcinogenesis by Bio-Based Lignin Derivatives” Biomass and
Bioenergy. 23, 2002, 153-159.

Hayashi, J.1., Kazehaya, A., Muroyama, K. and Watkinson, A.P. “Preparation of

Activated Carbon from Lignin by Chemical Activation” Carbon. 38, 2000, 1873-

1878.
Suchanec, R. “Asphalts Emulsion with Lignin-Containing Emulsifier” US Patent.

5683497, 1997.



30.

31.

32.

33.

34.

35.

36.

37.

38.

66

Huttermann, A. and Mai, C. “Method for Grafting Lignin, Polymerizates Produced
According to The Method and The Utilization Thereof” US Patent. 6593460, 2003.

Sjostrom, E and Alen, R. Analytical Methods in Wood Chemistry, Pulping, and

Papermaking. New York: Springer-Verlag Berlin Heidelberg, 1999, pp. 221-222.

Kent, A. and Jame, A. Riegel’s Handbook of Industrial Chemistry. 8" ed. New York:

Van Nostrand Reinhold Company, 1983, pp. 443-447.

Wallberg, O., Jonsson, A.S. and Wimmerstedt, R. “Fractionation and Concentration
of Kraft Black Liquor Lignin with Ultrafiltration” Desalination. 154, 2003, 187-
199.

Alen, R., Rytkonen, Sari and McKeough, P “Thermogravimetric Behavior of Black

Liquors and Their Organic Constituents™ Journal of Analytical and Applied

Pyrolysis. 31, 1995, 1-13.

[online] Available from http://www.advanceagro.com.

Zalevskaya, G.N. “Some Characteristics of Pelletization of Coal Slurries with

Lignosulfonate” Fuel and Energy Abstracts. 37(3), 1996, 173.

Hatakeyama, T., Matsumoto, Y., Dsano, Y. and Hatakeyama, H. “Glass Transition of
Rigid Polyurethane Foams Derived from Sodium Lignosulfonate Mixed with

Diehtlene, Triethylene and polyethylene glycols™ Thermocjimica Acta. 416, 2004,

29-33.
Winowiski, T.S. and Hollis, J.W. “Camposition and Process of Making an Animal

Feed Binder Composed of Ozonated Lignosulfonate” US Patent. 5281434, 1994.



39.

40.

41.

42.

43.

45.

46.

47.

67

Dilling, P., Prazek, G. and Cashman, C.C. “Lignosulfonate Additive-Containing
Carbon Black Compositions” US Patent. 4892587, 1990.

Willium, J. “Lignosulfonate Treated Fertilizer Particles” US Patent. 5041153, 1991.

Dilling, P. and Schlegel, L. “Lignosulfonate Salts for Use as Dyestuff Additives”
US Patent. 4715864, 1987.

Matsushita, Y. and Yasuda, S. “Preparation and Evaluation of Lignosulfonate as a
Dispersant for Gypsum Paste from Acid Hydrolysis Lignin” Bioresource
Technology. 96, 2005, 465-470.

Wade, L.G. Organic Chemistry. 2" ed. New Jersy: Prentice-Hall International, INC.

1991, p. 720.

Logan, R.H., “Aromatic Sulfonation” [Online]. Available from: www.dccccd.edu.

2001.

Dilling, P and Huguenin, S. “Method of Preparing High Activity Sulfonated Linin
Dye Dispersant” US Patent. 5755830, 1998.

Reyes, T., Bandyopadhyay, S.S. and McCoy, B.J. :Extraction of Lignin from Wood

with Supercritical Alcohols” The Journal of Supercritical Fluids. 2(2-3), 1989,

80-84.
Sun, R., Lu, Q. and Sun, X.F. “Physico-Chemical and Thermal Characterization of

Lignins from Caligonum monogoliacum and Tamarix spp.” Polymer Degradation

and Stability. 72, 2001, 229-238.



48.

49.

50.

5l.

52.

53.

54,

95.

68

Mathias, E.V. and Halkar, U.P. “Separation and Characterization of Lignin
Compounds from The Walnut (Juglan regia) Shell Oil Using Preparative TLC,

GC-MS and *H NMR” Journal Analytical and Applied Pyrolysis. 71(2), 2004,

515-524.

Sun, R., Tomkinson, J., Sun, X.F. and Wang, N.J. “Fractional Isolation and Physico-
Chemical Characterization of Alkali-Soluble Lignins from Fast-Growing Poplar
Wood” Polymer. 41, 2000, 8409-8417.

Sun, R. and Tomkinson, J. “Comparative Study of Lignins Isolated by Alkali and
Ultrasound-Assisted Alkali Extractions from Wheat Straw” Ultrasonics
Sonochemistry. 9, 2002, 85-93.

Tanistra, I. and Bodzek, M. “Preparation of High-Purity Sulphate Lignin from Spent
Black Liquor Using Ultrafiltration an Dialfiltration Processes” Desalination. 115,
1998, 111-120.

Wallberg, O., Jonsson, A.S. and Wimmerstedt, R. “Fractional and Concentration of
Kraft Black Liquor Lignin with Ultrafiltration” Desalination. 154, 2003, 187-199.

Rohella, R.S., Sahoo, N., Paul, S.C., Choudhury, S. and ChaKravortty, V. “Thermal

Studied on Isolated and Purified Lignin” Thermochimica Acta. 287, 1996,

131-138.
Nada, A.M.A., El-Sakhawy, M. and Kamel, S.M. “Infrared Spectroscopic Study of

Lignins™ Polymer Degration and Stability. 60, 1998, 247-251.

Perissotto, D.O., Colodette, J.L., Nascimento, E.A. and Ramos, L.P.
“Characterization of The Extractives Derived from Eucalyptus Kraft Pulping”

Iberoamerican Congress Pulp and Paper Research. 2000.




56.

57.

58.

59.

60.

61.

69

Lachenal, D., Mortha, G., Sevillano, R.M. and Zaroubine, M. “Isolation of Residual
Lignin from Softwood Kraft Pulp. Advantages of The Acetic Acid Acidolysis
Method” C.R. Biologies. 327, 2004, 911-916.

Dilling, P. “Oleum Sulfonation of Lignins” US Patent. 5043434, 1991.

Kamoun, A., Jelidi, A. and Chaabouni, M. “Evaluation of The Performance of
Sulfonated Esparto Grass Lignin as A Plasticizer-Water Reducer for Cement”

Cement and Concrete Research. 33, 2000, 995-1003.

Dmitry, V. “Comprehensive Study on the Chemical Structure of Dioxane Lignin

from Plantation Eucalyptus globulus Wood” Journal of Agriculture Food

Chemical. 49(4), 2001, 4252-4261.
Gellerstedt, G. and Gierer, J. “The reation of Lignin during Neutral Sulfite Pulping.
Part V. The Reaction of a-(4-Hydroxy-3-methoxyphenyl)-glycerol--guaiacyl

Ether with Sulfite and their Dependence on pH” Acta Chemica Scandinavica B.

29, 1975, 561-570.
Dilling, P. “Method of Preparing High Activity Sulfonated Lignin Dye Dispersants”

US Patent. 5755830, 1998.



AONUUINYUINNS )
ANRINTUNAINENRE


User
Text Box


AONUUINYUINNS )
RN ITNINENAY



72

100

98

96

94

92

90

88

86

84

82

80

78

76

vl b

v b

4000

620.83

. . . \ ' ' . ) ' v . |
3000 2000 1000
Wavenumbers cm-1)

Figure A2 FT-IR spectrum of sodium lignosulfonate  from sulfonation

with 1:1 gram ratio of 96% sulfuric acid: isolated lignin



73

100 —:
9
98 —:
a1
% —:
95 —:
9% —:
93 —:
92 —:
91 —:
%0 —:

89 =

620.83

' ' 1 s ' it i 1 v v 1
3000 2000 1000
Wavenumbers cm-1)

Figure As FT-IR spectrum of sodium-lignosulfonate from sulfonation with

1:1 gram ratio of e5% fuming sulfuric acid: isolated lignin



74

100.5

100.0

vl

99.5

99.0

vl b

98.5

[

980 T
%T ]

97.0

[

96.5

96.0

vl b

055 615.69

[ R Y

95.0

94.5 |

v

I ' v v I v v v 1 ' ' ' 1 ' '

4000 3000 2000 1000
Wavenumbers cm-1)

Figure A4 FT-IR spectrum of sodium lignosulfonate from sulfonation of isolated lignin with sodium sulfite



100

98

96

94

92

90

88

86

84

82

80

76

74

72

70

68

66

T N R RN RS R

N R

b b

v

N VIR Y

4000

625.96

' ' v 1 ' v v | ' \ v 1

3000 2000 1000

Wavenumbers (cm-1)

75

Figure As FT-IR spectrum of sodium lignosulfonate from sulfomethylation with

0.5:0.119:1 gram ratio of sodium sulfite: formaldehyde: isolated lignin



76

615.69

Figure Ae FT- bRJspectrum of commermal lignosulfonate

ﬁﬂ']‘i.lu']‘lfl‘c’mﬁﬂ'ﬁ
‘@IW']NQ NIUAINYIRE



7

Bl

a

// .-/ /
,//
” /‘/
” 'y
r i

| =
///,.//,.-'.////A i)
7k

o —
Y \
7 !
,,,,, = % - I . : . :
3.0 7.0 30
' I

Cligli Sy jiaie e il
QIW']RQ NIEUNATIVIENRE



[RRTIEA

.057
3

55.941

78

T
200

160 140 120 100 80 60 40

Figure C1 *C:NMR spectrum of isolated lignin

20



79

56.0387

T T 1 T T T T T T
200 180 160 140 120 100 80 50 40 20 0
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1:1 gram ratio of 96% sulfuric acid: isolated lignin
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Analyte Type Calibration | Compound | Concentration | Calcuration
status (%) method
Na Sample | Calibrated Na 0.057 | Calcurate
Si Sample Calibrated Si 0.011 Calcurate
S Sample | Calibrated S 0418 [ Calcurate
Cl Sample | Calibrated Cl 0.189 | Calcurate
K Sample | Calibrated K 0.319 | Calcurate
Ca Sample | Calibrated Ca 0.031 | Calcurate
v Sample | Calibrated v 0.020 | Calcurate
Fe Sample | Calibrated Fe 0.025 | Calcurate
Sum 0.9%

Figure E1 XRF of isolated lignin
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Analyte Type Calibration | Compound | Concentration | Calcuration
status (%) method

Na Sample | Calibrated Na 0.725 | Calcurate
Al Sample | Calibrated Al 0.004 | Calcurate
Si Sample | Calibrated Si 0.045 | Calcurate
S Sample | Calibrated S 10.622 Calcurate
Cl Sample | Calibrated Cl 0.175 | Calcurate
K Sample | Calibrated K 0.118 | Calcurate
Ca Sample | Calibrated Ca 0.033 | Calcurate
Fe Sample | Calibrated Fe 0.058 | Calcurate
Ni Sample | Calibrated Ni 0.014 | Calcurate

Sum 10.4%

Figure E2 XRF of sodium lignosulfonate from sulfonation with 1:1 gram ratio of

65% fuming sulfuric acid.: isolated lignin
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Analyte Type Calibration | Compound | Concentration | Calcuration
status (%) method
Na Sample | Calibrated Na 0.8 | Calcurate
Si Sample | Calibrated Si 0.009 | Calcurate
S Sample | Calibrated S 10.766 | Calcurate
Cl Sample | Calibrated Cl 0.149 | Calcurate
K Sample | Calibrated K 0.118 | Calcurate
Fe Sample | Calibrated LG 0.015 | Calcurate
Sum 11.9%

Figure E3 XRF of sodium lignosulfonate from sulfonation of isolated lignin with sodium sulfite
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Analyte Type Calibration | Compound | Concentration | Calcuration
status (%) method
Na Sample | Calibrated Na 2.526 | Calcurate
Si Sample | Calibrated Si 0.052 | Calcurate
S Sample | Calibrated S 15.895 | Calcurate
K Sample | Calibrated K 0.114 | Calcurate
Ca Sample | Calibrated Ca 0.034 | Calcurate
Sum 18.6%

Figure E4 XRF of sodium lignosulfonate from sulfomethylation with 0.5:0.119:1 gram ratio of

sodium sulfite: formaldehyde: isolated lignin



Analyte Type Calibration | Compound | Concentration | Calcuration
status (%) method
Na Sample | Calibrated Na 1.887 | Calcurate
Si Sample | Calibrated Si 0.009 | Calcurate
S Sample | Calibrated S 14.264 | Calcurate
Cl Sample | Calibrated Cl 0.425 | Calcurate
K Sample | Calibrated K 0.268 | Calcurate
Ca Sample | Calibrated Ca 0.037 | Calcurate
Fe Sample | Calibrated Fe 0.071 Calcurate
Sum 17.0%

Figure E5 XRF of commercial lignosulfonate
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Concentration [M]

Average surface tension (Nm/m)

Sulfomethylated Na-LS

Commercial LS

107 42.88 40.99
103 58.70 53.93
10* 69.12 69.61
10° 71.87 72.07

Table A Surface tension values of synthesized sodium lignosulfonate
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