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Lignins from Eucalyptus Hybrid in the pH Range 2-10

By

J.C. Rawal, Man Mohan Singh and S.R.D. Guha
Cellulose and Paper Branch, F.R.I., Dehra Dun

In the present study, kinetics and mechanism of sodium hypochlorite oxidation of soda and thio
* lignin isolated from Eucalyptus hybrid (mainly E. teretieornis) in the pH range 2-10 has been
reported. All the reactions studied have been found to fit in the second order rate law

equation :

1/C; = 1/Co + kst

The behaviour of oxidation reac-
tion has been rapid at the initial
stage—a thing ascribed to the
presence of some hemicellulose
carbohydrate fraction linked to
the lignin molecule, getting oxi-
dized at a much faster rate.

The maximum rate of oxidation
has been found at pH 7, in the
case of both lignins, The pro-
bable rate law equation is given
as

dc
dt

= k[R][L]

The reaction in this pH range
was explained on the basis of free
radical mechanism, the main
reacting species. are HOCI and
OCl in the form of C1;O0OH.

The energy parameters for both
the lignins have been reported.
C, formulae for both the lignins
have been calculated, which are
respectively : '

CoH7.9804.8 (OCHjy) o.95 for soda
and CgHg-al 04.92 Sa.s2 (OCHg)pls
for thio lignin,

The thio lignin is oxidized at a
faster rate than soda lignin — a
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fact attributed to the differences
in composition with' respect to
reactive groups and the degree
of condensation.

Introduction

The plant tissues are comprised
of polymers like cellulose, lignin,
hemicelluloses and extractive
matter. During the course of
chemical pulping processes like
soda and sulphate, of the plant
fibres, most of lignin is removed
besides the romoval of extrane-
ous matter and part of the carbo-
hydrate fraction (low molecular
weight). Residual lignin imparts
brown colour to the pulp. The
bleaching is usually done by
compounds native in chlorine
e.g. chlorine, chlorine dioxide
and hypochlorite. This reaction
is mainly oxidation.

To elucidate the reactions me-
¢hanism involved it is necessary
to study the kinetics of reaction
of hypochlorite on the lignin.

Composition of lignin

Lignin is an amorphous, highly
branched, three-dimensional
polymer whose complex chemical
structure has come into sharp
focus only recently after many

years of research. The structure
is complicated and cannot be
described in detail here, but it is
possible to point out the main
structural features. The lignin
polymer is comprised of oxiphe-
nylprone units derived from
three  substituted cinnamyl
alcohols: p-coumaryl coniferyl
and sipapyl alcohols (Fig. 1),
their proportions differ greatly
between conifers and hardwoods
and among the various species
of hardwoods. In a polymeriza-
tion process that involves prim-
arily radical coupling, these
monomeric starting materials
are combined to produce the
lignin polymer. The nature of the
polymerization process is such
that the bonds linking the indjvi-
dual phenylpropane units to-
gether are of several different
types. This, as well as the fact
that three cinnamyl alcohols are
involved, and that secondary
reactions occur, leads to the
complexity of lignin structure.

About 70 per cent of the lignin
in woody plant cells is located
in the secondary wall layers. The
rest of the lignin is located
in very thin middle lamella
regions where it is the main
constituent.
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Fig. 1—Substituted cinnamyl alcohols which are oxidatively

polymerized to give legnin.

Oxidation of lignin

- Being phenolic in nature the
lignin macromolecule is prone
:to oxidation by either homo or
heterocyclic pathway!, depending
-on the oxidant and the reaction
conditions used.

Since the lignin macromolecule is

susceptible to a wide variety of

oxidants, the oxidation reactions
:have been arbitrarily classified
;in three categories according to
- the degree of lignin degradation
- achieved. These comprise oxida-
-tions (a) degrading lignin to
. aromatic carbonyl compounds
-and carboxylic acids (b) degrad-
. ing aromatic rings and (¢) limit-
; ed to specific groups.

. The second. category is of techni-
cal importance and cover the
.action. of strong  oxidants
including peracetic and nitric
--acids, chlorine, chlorine dioxide

:and the oxidizing anions of
hypochlorous and = chlorous
acids.

. Chemical reaction of lignin wit
: sodium hypochlorite ’

The- problem of analysing the
. chemical reactions of lignin with
. sodium hypochlorite is not a

simple one. The complexity arises
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types of reactions

due to the unknown structure
of lignin and the possibility of
numerous reactions taking place
simultaneously since each of
elemental chlorine, hypochlorous
acid, and hypochlorite ion may
react in more than one way; and
also due to the formation of
unknown products. A complete

. description of the mechanism of

a complex reaction such as the

“one under study is known to be

very difficult. Some conclusions
may, however, be drawn based
on published literature.

-Reaction with elemental
chlorine

- Studies carried out by Hibbert

and co-workers? and by Dence
and Sarkanen? revealed that four
of chlorine
with lignin occur. These are
(i) addition of chlorine to double
bond, (ii) a rapid substitution of

-chlorine into aromatic portion

of the guaiacyl-propane unit,

. (iii) the degradation of lignin

polymer chain into water and
alkali soluble fragments, and
(iv) oxidation of both lignin
and chlorolignin formed. This

- concept of chlorination of lignin

was further supported by the

~ kinetics of studies of Carmody
-and  Mears!
Nielsens.

and  Schmidt-

Reaction with hypochlorous acid

The reaction of hypochlorous
acid in halogenide-free systems,
acidified with sulphuric or per-
chloric acid have been the subject
of numerous Kinetic studies®-1°,
From the work on chlorination
of lignin? it is known that hypo-
chlorous acid oxidizes lignin, or
at least chlorolignin the reaction
is characterised by a rapid
consumption of chlorine during
the first few minutes as found
with phenols’!?, and thereafter
the chlorine content decreases
roughly in proportion to the
log of the elapsed time. The
reaction was found to be second
order one in chlorine concentra-
tion.

Reaction with hypochlorite ions

The hypochlorite treatment of

“various lignin preparations show

an initial rapid hypochlorite

-consumption followed by a

slower reaction. The slow reac-
tion was found to be second
order in chlorine concentration?,
The main result of the reaction
is oxidative destruction, chlorina-
tion of lignin and its concomitant
demethylation are relatively
unimportantt. Hypochlorite oxi-
dations of lignin preparations
and lignia. model compounds
have shown that only those
nuclei having free phenolic
hydroxyl groups are oxidized.
The side-chain of both type of
nuclei are oxidized, if unsaturated
groups are present or if oxygen
containing substituents are locat-
ed in the alpha position. Kinetic

. studies have shown that nucleic

oxidation is a rapid reaction
whereas the rapidity of the side-
chain oxidation varies some-
what with the constitution of
these catenae. Model compound
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studies have also revealed that
the nucleic oxidation is preceded
by chlorination. It may be pre-
sumed that the reactive species
in the chlorination reaction is
hypochlorous acid. As hypo-
chlorous acid is a weak electro-
phile, it can onmly chlorinate
phenolate anions at their ortho-
and para-positions.

The oxidation products formed
during the action of hypochlo-
rite with lignin are unstable and
difficult to be characterise!314,

EXPERIMENTAL

1. Isolation and purification of
lignin

Soda and thio lignins are isolated
from alkaline pulping spent
black liquor obtained after
digestion of the wood by soda
or sulphate process.

Eucalyptus hybrid was obtained
from Haldwani (U.P.). It was
debarked, chipped and screened
on the pilot plant equipment.
The screened chips were digested
in the laboratory electrically
heated rotary autoclave of 25

" litres capacity under the follow-

ing conditions.

- black

Soda Sulphate
Process Process

Total Chemi-

cals 20% 20%
Sulphidity 0% 25%

- Cooking
Temp. 162°C  162°C
Cooking
period 4 hours* 4 hours*
Bath ratio  1:4 1:4

*(including 1} hrs. to raise to the
max. temp.).
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The cooked pulp was washed
thoroughly with fresh water to
remove the black liquor. The
liquor obtained was
filtered and acidified with dilute
hypochloric acid till the precip-
itation was completed, The
precipitate thus obtained was
allowed to settle down and the
supernatent liquor was decanted
off. The precipitate was washed
till free of chloride ions and
dried yielding crude soda lignin
and thio lignin.

Purification of the crude lignin
was carried out according to
the Ahlm’s method?®,

2. Analysis of lignin

Both the lignins (soda lignin and
thio lignin) were analysed for
their carbon, hydrogen and
sulphur contents. Oxygen Wwas
determined by difference to
each case. Methoxyl contents
were also determined. The
mol-weight of these lignins was
also determined by vapour
pressure osmometer by the
method of Martin and Martin?®,

Based on the studies, Cy formula
were derived. Klason lignin
was also determined by the
tappi standards methods.

The results are recorded in
Table 1.

The infrared absorption spectra
of soda lignin and thio lignin
samples were determined using
Perkin Flmer Infrared Spectra-
photometer.  Isolated lignin
samples were examined in clear
discs containing 4 mg. of lignin
in 100 mg. of potassium bromide
(Fig. 2 and Fig. 3).

3. Preparation of hypochlorite

The solution of sodium hypo-
chlorite was prepared by passing
.a slow stream of chlorine gas
into a well cooled solution of
2 N sodium hydroxide (S. Merk
Grade Pellets) until the increase
in weight indicated that about
50 g. per litre of chlorine was
absorbed. The solution was
stored in a dark bottle at 3°C.
Solutions for oxidation were
prepared from it by suitable
dilutions.

4. Oxidation of lignin

The reaction was studied in
500 ml., five necked pyrex glass
round bottom flask, Fig. 4.
A thermostatic bath with a
temperature variation of
£0.1°C was used for maintain-
ing the temperature. To prepare
the reaction mixture sodium
hypochlorite solution and 0.5 N
sodium hydroxide solution or
0.5 N hydrochloric acid gas were
mixed in such a proportion so
that a solutions of required
[NaOCl}o concentration and pH
was obtained.

Known weighed amount of
lignin was transferred to the
reaction vessel and calculated
quantities of distilled water were
added so that the total volume
of this lignin suspension after
the addition of hypochlorite
reaction mixture becomes equal
to 300 ml. pH during the reac-
tion was kept constant by addi-
tion of 0.5 N sodium hydroxide
solution from burette fixed “b”
(Fig. 4). Two electrodes of the
pH meter were inserted through
E:; and E. two of the necks of
the reaction vessel and were
sealed. Central neck of the
reaction vessel holds a glass
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stirrer (operated electrically),
which is sealed by means of
mercury seal. Neck ‘A’ which
is rubber stoppered was used
for the addition of the hypo-
chlorite solution and for the
removal of aliquotes for the

TABLE 1

Analysis of Lignins

Soda lignin

Thio Lignin

[+]
estimation of residual chlorine. I%?/l;ibrggen o//: Szg‘é Sggg
Oxygen % 41.50 42.23
The residual chlorine was esti- Suiphur % — 0.445
mated iodometrically, 5 ml. of 11\(4]“1107(31(1 ] (';/A ég?)g ,17‘5”5)(1)
: - ason lignin . .
aliquotes Of. ﬂ.le liquid were . Molecular weight ° 2100 1400
removed periodically from the
reaction vessel and introduced C, formula CyH738°4.8 (CHj3) 0.95
into a mixture of 10 ml. of 10 CoHj;.510,.9350.3:(OCH3)1.13
per cent potassium iodide and
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10 ml. of 2 N sulphuric acid.
The liberated iodine was titra-
ted with standard Ny, sodium
thio sulphate,

RESULTS AND DISCUSSION
1. Analysis of lignin

Data recorded in Table 1 indi-
cate that the thio lignin contains
higher methoxyl content, lower
molecular weight and some
amount of sulphur, otherwise
there are very minor differences
in the elemental composition of
soda and thio lignins. C, for-
mulae of both the lignins also
reflect the above stated facts.

The infrared spectra of soda and
thio lignins (Figs. 2 and 3)
reveals that band at 3400cm™!
is assignable to methoxyl groups.
In this lignin the band at 1700
cm™! and 1660 cm™ are absent,
these bands represents carbonyl
groups (B-keto structure) and
keto carbonyl («¢-to an aromatic
ring) respectively. Two peaks
at 1600 cm™! and 1500 cm™1 are
characteristic of aromatic com-
pounds and are due to C=C
vibrations of benzene ring. The
band at 1270 cm™! has been
assigned to aryl-alkyl ether groups
and the band at 1200 cm™ has
been assigned to phenolic groups.
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Rest of the bands are not very
clear. Carbon sulphur vibra-
tions occur at 600-700 cm™!
region which are not recorded
in the graph.

A comparison of infrared spectra
of soda and thio lignins shows
that apart from few dissimilari-
ties regarding the intensity of
various bands, the spectra are
very similar. This signifies that
sulphidity does not affect the
chemical constitution of thio
lignin to any appreciable extent.
This is also confirmed by analyti-
cal results.

C b aal il ity
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2. Oxidation of lignin

It was established in preliminary
experiments, that wunder the
conditions employed in our
investigation, sodium hypochlo-
rite solution was quite stable
and that the substrate was
always present in sufficient ex-
cess so that the rate of reaction

to hypochlorite
concentration, expressed as
available chlorine, could be
legitimately established by study-
ing the change occurred in the
chlorine concentration with time
alone. In some representative
cases chlorate formation was
also studied. It was found that
no chlorate is formed during the

with respect

reaction.

The oxidation of both soda and
thio lignins with hypochlorite
was marked by an initial rapid
reaction for few minutes, follo-
wed by a low reaction (Figs. 5,6).
Generally speaking the plots
obtained in this series, by com-
paring residual available chlo-
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rine against time are - best' fitted
in with the linear relationship :

ot

l/Ct = C~lo> 4 ket
Where C; is the concentration of
available chlorine at time ‘t’ and
Co the initial concentration of
available chlorine, ks being the
rate constant. /

With a view to comparing the
oxidation rate, manifested under

120p

1to

PR,

-2

4

N\

Ypresiovme CHLIORINE

different conditions, the values
‘ks’ were :calculated - from the
slope-of the first straight-line at
all.pH.: values (Figs. 7-10)  repre-
sent these data. - e

The behaviour - of -oxidation
reaction being rapid at  initial
stage may be attributed to the
presence - of -some hemicellulose
carbohydrate fraction, linked to
the lignin molecule, and this
carbohydrate as impurity getting
oxidized at a much faster rate,

. SopA LIGNMIN = 013

“[vaoct], = 200x13M

| YEMPERATURE =30’c

Lignin preparations- like- soda
and-thio invariably contain some
hemicellulose attached :to them.
This has been the case in the
present. study also, since the
analysis - of these lignins . for
klason- lignin-content gave the
value 69.00 and 74.01 respec-
tively for soda and thio*lignins,
the remainder by difference, be-
ing hemicellulose carbohydrate
impurities. The subsequent slow
rate of oxidation corresponds to
the oxidation of lignin.

Fl6 7.
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nepeﬁeuee of . the: -oxidation
‘rate:on ; initial: mcutntibn of
bypchhrite RN

'Ifhe oxldauon rate of hoth the ,

Jignins:, was found to decrease
with -the :increase ::iin theinitial
concentrdtion ~.of hypochlorite.
The effect - was found more
pronounced in the: lower con-

120F

1io}p

——r
-
(-3
o

~1

~

Y RESIDUAL CHLORINE

centration rangé i (Figs. 11, 12)

show the variation - of oxidation

rate ‘with: -initial . hypdchiarite
concentration expressed in! terms
of available chlorine.  The de-
crease in. the rate of oxidation
has: been ascrided to the con-
centration of reaching species of
hypochlorite~~water—alkali sys-
tem varied ‘with initial concen-

SOPA LIGNIN = 01g

[Naoecl], =200xi6 %M

TEMPERATURE n30°C

E muoﬁ tﬁf hypoclﬁame

hj;

RN SR

Dependenee of the’ rate of oxida-

tion on llgnin eondentration

i
The experimental data -indica-
ted that the oxidation rate wés
directly proportional 'to:.ithe
concentration ‘of lignin shoWn in
(Figs. 13-16). :

~ .
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,pmmeteu mf the rencﬂn reaction are recorded in Tables 2 - cate that the  raté of reaction
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Ly - 'TABLE:2 @ .- S R P R DLY
... Soda lignin=0.1g. . S Co e e oo one L Total: volume =300 mE tois
[NaOCl]y - pH Temp.  Rate Const..  Temp.  AE Ax10 - AFoT AST
B : . Coeff. ' Kcals: Kcals \
x 10°M o °C LM\ Min _ Mole™ . Secr ' Molemt E.U.
100 8 20 . 0.68 B 7.33 20.35-1.52
100 8. 30 2.00 294 18.96 7.59 20.37 - 1.69
100 8 40 . 6.00 3.00 7.84 20.38 - 1.64
2.97 19.88 7.55 20.39-1.61
. 19.62 _ .
- . (graphically) -
200 8 20 0.80 : 0.90 21.59 - 5.73
200 8 30 024 3.00 19.33 0.93 21.65 - 5.81
200 8 40 2.71 296 . 20.47 - 0.97 21.71 - 5.83
2.98 19.90 0.93 . 22.67 - 5.79
19.76
“(graphically) 4
200 - 10 30 0.05 2.04 22.63 - 4.15
200 10 40 0.15 3.00 20.78 2.11 22.67 - 4.27
200 10 50 0.45 3.00 21.82 2.17 22.71 - 4.27
‘ ‘ 3.00 . 21,35 2.11 22,64 - 4.23
21.22 :
(graphically)
, TABLE 3
Thio lignin=0,1g o Total volume=300-ml pH=8
[NaOCl], Temp. Rate Const, Temp. AE Ax 10719 AFY% - AS%
B Coeff. Kcals Kcals
x 107*M °C LM Myt - Mole Mole Molet E.U.
75 20 5.0 2.05 19.42 5.80
3.00 © 1932
75 40 45.0 2.19 19.11 5.55
: 2,94 22.43
75 50 1333 - 2,26 19.05 5.59
) 2.97 20.875 2.16 19.19 5.65
21.09 ’
(graphically)
100 20 1.10 1.87 20.07 0.031
3.00 12.32 _ o !
100 30 3.30 1.90 20.07 0.020
3.03 20.97 , -
100 40 10.00 - . : 1.93. 20.69 0.022
3.01 20.145 1.90 20.07 0.024
: 20.230
. (graphically)
200 20 0.07 ( : 1.26 21.66 5.97
3.00 19.32 : . ;
200 30 0.21 - 1.30 21.72 6.10
295 20.47 ‘
200 40 0.62 1.34 21.78 6.12
2.97 19.895 1.30 - 21.72 6.03
19.75
(graphically)
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The : values of . free: activation
energy-showed that indices ‘were
practigally the same no matter
to what concentration of avail-
abje chlorine the substrate lignin
"is - subjected. This. @ was an
identification of tendency for
heat and entropies to. compen-
sate one another leading to only

8 29}
780]
749
200}
& 64
e20}
Ssor
S49
Soof
460
420

380

g
YRESIDURL CHLORINE M~ —v

THIOLIGNIN = @14
TEMPERATURE® 30°C
[Naocl], =85 xno’fn

a slight change in the ;free acti-
vation .energy.. Guha and.co-
workers .reported the = same
effect in their studies on hypo-
chlorite oxidation . of bamboo
hemiceHuloses. :

When the logrithams of raie
constants weré¢ plotted against

reciprocals of . respective . tem-
peratures in absolute .. (°K).
straight lines were obtained
(Figs. 17-19) showing thereby

- that the Arrhenius equation :

2,303

log k = RT + Constant

is followed.
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‘ ﬂefendenceﬂfthe rate of oma
-ﬁim on ﬁt ;

When the rate constant were

plotted against' pH- (Figs. 20-21)
the curves thus obtained have
iakimum at pH 7. Showing
thereby that the rate of oxida-
tion for both the lignins is maxx-

RATE CONSTANT Lriimin-t o
o . © ° -
: < @ 0 )

o4

°~JF'

o2

 misin 46H 9 Sintilif Varatibns

of ' thé “oxidation: ‘sate witly pH
have been obtained by Clibbens
and Ridge and Epstein - and
Lewin during™ their - studiés of
the oxidation of cottoni’ by hypo-
chlonte

N

The Vauatnon bemg nouced in

, SeOR 216N =0 1§
rEMPERRTURE = 30°¢C
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Q — 2
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tho“oﬁi&aﬁm?rdﬁ »oﬂm\ »as‘bb S

attributed:to the sf A
tiohr: 6f hypochlorite to' ' chltvune
sincs né chilorats has: been found
to be formed during: athe oxiﬂus '

tmn pwcess.

Cdmequently, it must bc assus
med that the variation in the

i s
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W?M¥mﬁh’ pﬂ,f:s dm,

to t!w ohasgen occurning in.she

»:Ja edios, gt yafyic pH
) o sz,.»;’ - {ﬁi“éf‘vr P4
g;A,;{?Hj R P EE L
3. Rate law

‘Before writiﬂg the rate law for

xtmn of hypochlonte -and

oxidation process of soda. lignin
and thio.lignin jn the pH, range
2-10 it;:is: zneeessary to,., first
visnalise. the sysiem of chlorine
alkali -and water .which_ gives
bypochlerite. of different: com-
positions according to the pH
values of the - system. The
equilibrium of chlorine-water

system ssxtepres;ntcdas
Cl;ﬂi.o - Hqcl+H++Cl' f

Thusf ; hypochlo;oqs acxd _and
hydrochloric -acid. are formed
to an extent depending on the
total chlorine concentration and

equilibrium constant, the later of
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" which is changing slightly with

tcmperature The hydrochloric

acid is completely ionized where--

as hypochlorous acids, being
fairly ‘weak, is mainly undisso-
ciated at the pH of the chlorine

Mjn—
©
IS

-1
*
™

PATE CONSTANT LM

water system. On the ‘addition
of alkali to the system increasing
amounts’ of ‘ hypochlorite ijons
are formed, 'the points of half
neutralization Being reached at
around pH 7.5. The concentra-

EMPERATURE = 30°C
kﬁ =2

L], = M
[NaoeL], = 85 x10

tion -'of - hypochlorous “acid ‘is

govemed ﬁy‘equnlnbnnm, .

K = [H*’] [Cl"] [HOCl] / [Cla
Ka = [H*] [CI107] / (HOCI] 1
CI* = [HOCI] + [CIO]

Ox = [C]:] + [C107] + [HOC]]

-

0-273 T 0-646 , o.8ts

4092 .

LIGNIN CONCENTRATION. . C 6RAMS LIGNIN PER LITRE )

I"'IG. 13. RATE C‘ONSTHNT VS LI6NIN CONCENTRHTION
" OF SODA-LIGNIN

144

Ippta ngin&r; 1978



where Oy is the total oxidizing
capacity of hypochlorite system
as experimentally determined.

Then solving these - equations

simultaneously for [Cly], [CIO] "

and  [HOCI], the concentration
of each species can be calculated
for any given values of [C1-] and

a4}
3¢

2

-
-

~2
e

-
-]

I
s
1

4

< o)
~

2 o7
5

2 06
o

<

“ o5
~

S oo}

°
w

e
%

o
“

[H*]. The values of Ky and Ka
at 25°C .are 4.5x10™¢ and
3.2+ 1078 respectively.

Any rate law which will account
for the kinetics of oxidation by
hypochlorite as an oxidant
consider the relative concentra-

tions of both HOCl1 and ClO~.

[N‘_Oav]olﬂ
L

QO 8s5xi0'M
A-> 200x16%M

TEMPERATURE = 30%
V24 = 8

N
A

Therefore, it is now adequate to
discuss the composition of hypo-
chlorite species in pH range
2-10'studied in this investigation.

The assumption that only HOC!
is an oxidizing species may
work well in alkaline pH range
where the variations in the con-

A

A

0273 01546 o819

1:0%2

TLIGNIN CONCENTRATION (GRAMS LIGNIN PER LITRE)

Fl6.14. RPATE CONSTANT VS LIGNIN CONCENTRATIGN
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centration. of ClO7 are stall as
compared with the total:concen-
tration of this species®. This
assumption breaks,” down hows
ever, at pH values lower than
7.5." The composition of hypo-
chlorite system in the range of
pH 5-10 is represented in Fig..22;

08

-o7t

-1

RATE CONSTANT LM MnT= o

+06)

-1

05

<04t

-01

If'HOC! was the only. oxidizing

§épecies then the maximum rate
of 'oxidation with hypochlorite
should occur at pH 4.7 where
this species has the maximum
value: [Fig. 22].- But ' experi-
mental results recorded in this
investigation did not exhibit.such

-4
[vaoce], =2ooxio ™

rEMPERATURE = 30°C
’ pH = 10

type. of béhaviour (the rate of

oxidation of both ‘soda lignin
and’ thio lignin was. maximum
at pH 7). Kaufmann? sugges-
ted | that oxidizing species "is'd
complex [HOCI] [ClIO~]. In that
case rate of oxidation should be
given by the equation,

0273 0.546 P

1082
(1B NN GONCENTRATION (GRANS LIGNIN PER LITRE)

F16.15. RATE CONSTANT VS LISNIN CONCENTRATION
OF SODA-LIGNIN
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—dc/dt = k [HOCI] [OCI"] -

which has a maximum value at
pH 7.5, Fig. 49, where the con-
centration of .- HOCl and OCI~
are equal. This possibility also
doés mnot hold good for our
experimental results. As worked
out by Epstein and Lewin?’, it

-1
Miv ——
M

RATE cONSTANT Lam™?
o o o o -
* N o© [ ©

-]
1
n

o4

is seen that the following func-
tion have a maximum value in
the neighbourhood of pH 7.

[HOCI]* [OCI-] maximum at
pH7

" [HOCIE [OCI]} ‘maximum at
-+ pH®6I

pvaod]o = z2oox16 M -— O
bpH= 8

Nacct], = esxc M e A )
PH =10

fvaoel], = 200x107%m —» x

PH = 2
MY 3
Naocf], =8sxia m @
Nz 2

r O
O
O

Therefore . it is appropriate to

postulate that either of the two

"above mentioned functions are

the reacting species combination
of hypochlorite system in oxida-
tion of soda lignin and -thio
lignin too, S

On the basis of these evidences

, .
0.273 o546 o819
LIGNIN CONCENTRATION (GRAMS LIGNIN PER LITRE)

Fl16,16 , RR7T& CONSTANT VS LIGNIN CONCENTRARTION
OF THIO-LIGNIN

Ippta Seminar, 1978

147



and " our experimental results

. ‘now it is possible to write that
‘the kinetics of the oxidation of

soda lignin and thio lignin by
hypochlorite in the pH range
2-10 was governed by the rate’
law equations (i) and (ii),

—dc/dt = k, [HOCI* [0CI)} [L]

e ()

tog o, —e—

~dc/dt = ks [HOCI]? [OCI"} [L]
‘ (i)

or in a more appropriate manner
by the equation,

—dc/dt = k [R] [L] .. (iii)
where [R] is the concentration

of the reacting species combina-
tion and [L] is the concentration

S0PA LIGNIN
pu
e ocl], -

(o} 200x15% OF

@z [200% 107%
M =10

FIG.17

148

30

3 32 33 3 35
2nret
¥

of lignin, while [C] is the con-
centration of available chlorine.

Epstein and Lewin®® have shown
in their study that when these
two functions were plotted
against rate of oxidation, the
second function fits the results
better than the first. A general
shape of this function is shown
in Fig. 23,

--"

(Naocl],=100x% 10°%M AE =19.92 K.caLs.MaLE

<1
= 19.76 K.CALS . MOLE

BEz20.22K-0AL8-MOLE

AR RHENIUS PLOT FOR THE OXIDATION OF S0D O LIGNIN
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4. Réaction xﬂachanism

The self-decomposition of hypo-
chlorite has been described to
be of a free radical nature. The
general resemblance of the oxi-
dation reaction of soda lignin
and thio lignin to the self-

decomposition of hypochlorite
indicated the possibility of free
radical mechanism for this pH
range.

It is assumed that the reaction
proceeds by a free radical
mechanism, the main reacting

'TMIOLIGNIN = o-1g
AN =8
Naoel]o = 100 %16 *m =0

27X e g

@——8E =20.22 K.CALS.MOLE
A—=O8 2109 %.cALs . mored

species being HOCl and OCl
possibly in the form of C1aOOH.
This hydroperoxide of Cl:O
may react with lignin by a chain
mechanism in ways similar to
those suggested by Epstein and
Lewin® and Entwistle and co-
workers?! for oxidation of cotton

1

£76.18
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and alkali cellulose. The reac-
tions may proceed as :

~ HOCI + HOCI=CIO

| -+ H,0

" 4 OH =Cl,00H
o rapid ‘

CI,O0H + L —— Products

T CLO

. The rate is given by

— dc/dt = k[HOCI]®

where Now : _
k= KK ki = [OH] [Cl] / [HOC]] ... (¥)
) ke=[OH][CL]/[C]] -
The radical OH may form ac- [HOC) e (Y')
cording to the equations ky = [H[%CI:]]] [[g é][Cl 1/ (il
o : 12 2 e vv.l,l.-
' -k ' as postulated Ey Lewin and

HOCI=0OH + CI Epstein.

ks ’
Cl + HOCI=OH + Cl; Further
ks ko

[OH] [L] .. (iv) Cl: + H:O==HOCI+ H* + CI- HOCI=H* 4+ OCI”
TMIOLIGNIN n O 1%
t-0 o -8
[vaoel], =200%16 M
AE =19.7% K.CALS Moc e
N
D 0.t}
&
~
©-0 i A . i
30 EY) 32 33 34 38
-"F w to* -
¢ :
RRRMNENIUS PLOT FOR TNE OXIDR7TION

FI16.19
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‘v

giving - E )

o [H*][OCI]

. ¢ =TTHOC
or -b ;
[oCI] _[HOC]]

BT

From equations (v), (vi) and (vii), | et ) et

Ippta Seminar, 1978

RATE CONSTANT LM

‘ {OHJ* [H*] [CI]]  ,., This equation (iv) becomes,
klk’k’f?rméim)—]—_ ,'j’» (X) o RTINS S

(\{iii) Therefore solving (ix) and (x) the de 'k [ﬁOCl]’ ‘[CLO-]% [L] :
value of OH was determined to T 3=

be, , dt et e (i),

o

o < ki ks k./kc]f['OCl'l* ' = K IRI[L]  ... (xiii)
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This expression is identical to
expression (iii) except that for
the appearance of [Cl‘]i’ in the
denominator which would sug-
gest that the reaction is retarded
_ by addition" of chloride ions.
This has been actually found
correct experimentally also?°,

This expression further makes it

L2 3

s
»o

RATE CONSTANT (A mnt o
~
(-]

selective that [HOCI]®* [C10)}
is the reacting species combina-
tion for the oxidation as soda
lignin and thio lignin.

5. Coxhparative behaviour of
soda and thio lignins during

hypochlorite oxidation

The main possibilities of reac-

TNIOLIBNIN = 0-19
vaoch], = 85 %10 %m

tions between lignin and chlo-
rine water are addition to
chlorine to double bonds, subs-

titution of a hydrogen atom of

the benzene nucleis with chlorine
and oxidation of both lignins
and the chlorolignin formed. As
the double bonds are only likely
to occur at two phenylpropane
monomers out of a hundred,

AH o

0

F16.21 EFFECT OF A ON SPECIFIC REACTION RATE
OF THIO LIGNIN
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Je

the discussion ¢an be limited to
oxidition and substitution,

Studies on the halogenation of
lignin have shown, chlorine re-
places the hydrogen atom at the
5-and 6- position of the benzene
nucleis. ‘

Chlorine substitution may be

Fl6.22

' more likely at 5-po’sitioh if the

phienolic hydroxyl .in 4-position

is unetherified. - Substitution of"

the phenylpropane units etheri-

fied in the 4-position probably.

occurs in the 6-position and will
cause c¢leavage of alkylaryl ether
bond. The methoxyl group at
3-position is hydrolysed, yielding
a pyrocateho! which is oxidized

to orthoquinone, The cleavage
of alkylaryl ether bond is de-
pendent upon previous- conden-
sation in the lignin molecule
which makes the ring less reac-
tive towards chlorine oxidation.

In protolignin 3 monomers out
of  ten contain unetherified
phenolic hydroxyl group at

COMPOSITION OF HYPOCHLOROUS. AcCID
AT VARIOUS AN AT 25C

a0p

Ippta Seminar, 1978

BEHAVIOUR OF THE FUNCTION.R =flock][od]%
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4-position, whereas thio lignin
contains considerably more.

Soda lignin and thio lignin differ
considerably in structural com-
“position and reactivity because
of “difference in condensation
reaction  during cooking- which
is more pronounced. in former

case. The difference in.rate of

oxidation of soda lignin and
thio lignin may be well attribu-
ted to their difference in com-
_ position with respect to reactive
groups, The thio lignin being in
loss condensed state is oxidized
faster than soda lignin, since the
condensation makes_ the ring
less reactive. So is the case with
hydrolysis methoxyl group and
cleavage of alkylaryl ether bond.

Conclusion

~

The thio lignin is more reactive -

and can easily be oxidized with
less consumption of chemicals
than the soda lignin, ‘It can be
concluded that the. sulphidity
during cooking is essential as it
" makes lignin more reactive and
thus its rate of removal can be
increased. ’
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