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MOLECULAR WEIGHTS OF LIGNOSULPHONATE AND CARBOHYDRATE
LEACHED FROM SULPHITE CHEMIMECHANICAL PULP

J.M. Willis, W.Q. Yean and D.A.I. Goring
Pulp and Paper Research Institute of Canada
and
Department of Chemistry
McG1ill University
Moutreal, Quebec
CANADA H3IA 2A7

ABSTRACT

The wmolecular weights of both the lignosulphonate and carbo-
hydrate fractions leached from sulphite chemimechanical pulps
increased as the leaching proceeded. Lignosulphonate molecular
veights rose from 11000 to 61000. Values for the carbohydrate
fractions were lowar, ranging from 6000 to 17000. Por the ligunin,
the diameter of the equivalent sphere corresponding to the whole
sample leached was counsiderably higher than the medium—pore
diameter of the fiber. This discrepancy indicated that the ligno-
sulphonate macromolecule in the fiber wall adopted a flat confor-
mation.

INTRODUCTION

When high yield sulphite chemimechanical pulp is suspended in
water, lignin and carbohydrate are leached from the fibersl. The
leaching process appears to be diffusion controlledl. The rate of
leaching also depends oun the degree of swelling of the fiber,

being faster when the fiber is more wollenz. Thus the mechanism
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seems to be one of restricted diffusion of lignosulphonate and
carbohydrate macromolecules through the pores in the fiber wall.

If the above picture is correct it would be expected that
greater quantities of the low molecular weight msterial would be
released first with more of the hr;er molecules being removed in
the later stages of leaching. There should also be some correla-
tion betwsen the size of the molecules and the dimensions of the
pores in the fiber wall. Such trends have been noted in the
leaching of lignin from the fibers of unbleached kraft pulps.

The purpose of the present work was to measure the molecular
veight of fractions of lignosulphonate and carbohydrate removed
from the fibers at different stages of leaching and to compare the
size of the leached macromolecules with the size of the pores in
the wall. Samples were isolated at wvarious intervals in the
leaching process and the lignosulphonate and carbohydrate frac-
tions separated by uloct:topho:csis-connccion‘. Molecular weights
were determined by sedimentation equilibriuns. For the lignin, a
coaparison was made between the effective hydrodynamic diaseter of
the dissolved macromolecules and the pore size of the water-

swollen fiber wall.

EXPERIMENTAL AND RESULTS

The pulp sample used for the present investigation was an

ultra high yield sulphite chemimechanical pulp (CMP) of 922 yield

obtained from a newsprint mill. The chip stock consisted of 452
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20°C 140 RPM WASHED AT 80,
20, 180 AND 380

FIGURE 1 Preparation of leachate fractions at various washing

intervals at 20°C.

spruce, 457 balsam and 10X pine. Chips were presteamed and then
cooked at 155-160°C for 40 min. in a sulphite liquor of pH 7.8.
The process by which the sample was produced as well as various
properties of the pulp are given in more detail in an earlier
paperl.

The procedure used to isolate fractions of leachate at dif-
ferent intervals of washing is shown in Figure 1. An accurately
weighed 10 g oven-dry sample of CMP was blended {n 500 al of
chilled distilled water for 15 seconds to remove extraneous cook-—
ing liquor. The suspension of pulp fibers was rapidly filtered
through a coarse sintered glass filter, and the washed pad of pulp

rablended with 500 mlL of distilled water equilibrated at 20°C.
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The pulp suspension was then quickly added to a further 500 mlL of
20°C water contained in the washing vessel previously

1’6, and the stirring rate immediately adjusted to

described
140 RPM. After 20 minutes of leaching, the entire suspension was
removed from the washing vessel and rapidly filtered through a
coarse sintered-glass filter. A fresh liter of water was allowed
to equilibrate at 20°C, the pad of fiber reblended, and the wash-
ing resumed at 140 RPM. Similarly, a fresh liter of leachate was
obtained at 30, 90, 180 and 360 minutes of washing.

This procedure was repeated five times. Thus, 5 L of leach-
ate were collected at each time interval. Each fraction was evap-
orated down to 20 mlL and then filtered through a 0.2 um polycar-
bonate membrane to remove the accumulated fines. The samples were
kept frozen until they were analyzed. The samples 1solated at
different intervals of 1leaching were diluted to 25 mL, and an
aliquot taken for the asnalysis of the total liguin and carbohy-
drate content. The remaining solution was neutralized with 0.1 N
sodium hydroxide, diluted to 30-50 ml with distilled water, and
subjected to three cycles of electrophoresis-convection. In this
mathod the solution is held in a nylon dialysis tube about 5 cm in
dismeter and 40 ca in length, suspended vertically in a water
bath. A bhorizontal electrical field 1is applied radially in the
tube. The lignosulphonate wolecules migrate electrophoretically
to the immer surface of the tube, producing a layer of increased
density. This layer falls coauvectionally, thus causing the ligno—-

sulphonate to concentrate at the bottom of the tube. The
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uncharged carbohydrate molecules do not migrate in the field and
therefore are not concentrated with the lignin. After several
hours, the lower layers in the tube yield a fraction rich in lig-
nosulphonates, while the supernateat 1ligquid 1is rich in carbo-
hydrate. The mathod is described in greater detail in a previous
publicationl‘. The lignin and carbohydrate fractions were recov-
ered by freeze-drying.

As described previoualy7, the lignin and carbohydrate coatent
of each fraction was determined by means of ultraviolet spectro—
photometry and orcinol colourimetry, respectively. The composi-
tions of the whole and fractionated samples are given in Table I.

Molecular weights were determined with a Spinco Model E
ultracentrifuge, using the short column sedimentation equilibrium
technique previously developed in this Labotatorys. The molecular
weight resulta are given in Table I. Integral values are waight
averages of all fractions. Insufficient sample remained after the
electrophoretic separation of the second fraction (20-50 ainute
interval of leaching) to perform sedimentation equilibrium.
Consequently, the molecular weights of fractions L-2 and C-2 could
not be determined.

In a separate experiment, a whole sample was prepared by
collecting a single sample after six hours of leaching. The com—
position and molecular weight of this sample are also reported in
Table I. The weight of the lignin and carbohydrate leached were,

respectively, 1.46 mg and 0.70 mg per gm oven dry weight of pulp.
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TABLE I

Composition and Weight Average Molecular Weights of the
Lignin and Carbohydrate Practions Isolated at Different
Intervals of Leaching at 20°C

Percent of Carbohydrate
Leaching|Total Leached Lignin Praction” Praction”
interval Lignin Mw d [Carb. M

(utn) | Lig.| carb. | (3) [(g wol™1)|(nm)| (X) {(g wol™})
0-20 42 25 83 11000” 3.4 67 6000“
20-50 20 30 70 16000 3.8 S0 7000
50~90 10 13 76 29000 4.7 60 9000
90-180 16 19 72 26000 4.5 54 10000
180-360 12 13 78 61000 6.0 52 17000
Integral {100 100 77 22000 4.2 S7 9000
Whole - - 81 17000 3.9 63 10000
Sample

*In each fraction the percentage of lignin plus the percentage of
arbohydrate equals 100.
Values from mid-finterval lines (Figure 2).

DISCUSSION

As shown in Table I, the molecular weights of both lignosul-
phonate and carbohydrate increased with time of leaching. The
tread i{s shown clearly in Figure 2, in which the wmolecular weight
is plotted against the mid-interval time. As expected, the larger
molecules diffuse wore slowly through the fiber wall and are

renoved in the later stages of leaching.



13: 25 25 January 2011

Downl oaded At:

MOLECULAR WEIGHTS OF LIGNOSULPHONATE AND CARBOHYDRATE 265

70
_. eo} )
® sof
E
2 w0}
sl
O 30 f
-
f :l 20 } Carbohydrate -
. /
10 »
° 2 b 1 e 1
o S0 100 180 200 280
Mid-interval time (min)
Figure 2 The variation of the weight average molecular weight

of leached lignosulphonate and carbohydrate fractions

with mid-interval time of leaching.

Integral values of the weight average molecular weight and the
compositon of the lignin and carbohydrate samples wers calculated.
In Table I these data are given, together with the experimentally
determined values for the whole sample. In view of the uncertain-
ties involved in the preparation of the fractions, the agraement
is fairly good.

In an earlier paper it was shown that the rate of intrafiber
diffusion of lignosulphonate macromolecules in CMP was about six
orders of magnitude less than their free diffusion n:ol. The
most important cause of the effect 1is probably the entrapment of
the macromolecules in the pores of the fiber, thareby restricting

diffusion through the fiber wall. A similar phenowmenon was
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observed in the leaching of lignin from unbleached kraft pulps,
and a theory was developed in which the slowing down of the dif-
fusion was related to the difference in dimensions of the pores
and the -ncro-oleculess.

The size of the lignosulphonate wmacromolecules can now be
compared with the size of the pores in the fiber wall. Froam the
aoclecular weight of the lignin fractions, the diameter, d, of the
equivalent sphere H;! calculated by the method described previous-
1y3. Values of d are given in Table I. Por all fractions and for
the whole sample, they exceed the median pore width of 2.3 nm as
measured by solute cxclunion9. Note that these calcuiationt must
be considered only approximate since, on average, about 20X of the
lignin fraction was carbohydrate.

Using the equation derived previously by Pavis and Goring
(Bquation 8 in Reference 8) it can be shown that, for the whole
fraction, the molecular width should exceed the pore diameter by
182 in order to reduce the free diffusion coefficient by six
orders of magnitude. This correspounds to a wolecular widcth of
2.7 sm. As showm in Tsble I, the diaater of the equivalent sphere
for the lignosulphonate of the whole fraction is 3.9 om. This
suggests that the 1lignin wmacromolecules diffusing through the
fiber wall adopted a flat rvrather than a spherical coaformation.
The concept of a flat. or disk-like conformation for 1lignin has
been proposed pteviounlys'lo. Note, however, that in contrast to
the above results, lignin wmolecules removed during pulping appear
to escape from pores that are approximately the size of the equiv-

alent lphcrell.
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An analysis such as the one given above for the lignosulpho-

nate was not attempted for the carbohydrate fraction. Most of the

12 and

probably exist in an extended conformation in the cell w1113.

wood polysaccharides are essentially linear chain wolecules

The assumption of an equivalent sphere or a flat disk-1ike coafor-
mation would be unwarranted for such molecules. Furthermore, the
carbohydrate fractions contained, on average, about 402 1lignin.
Therefore, speculation as to their size in comparison with the

porous structure of the wall was not justified.
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