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THE INSTITUTE OF PAPER CHEMISTRY

Appleton, Wisconsin
HYDROUS SLUDGES. FURTHER CHARACTERIZATIONS AND A MODEL SYSTEM
SUMMARY

The effort during the second period of the program was devoted to more
detailed characterization of sludges from the Lufkin mill of Southland Paper
Mills, Inc., and to development of a model system based on groundwood pulp from

the same mill.

Over the range of solids contents which permit cheracterization by
centrifugal sedimentation measurements, the groundwood and its fractions dupli-
cated, to a remarkable degree, the dewatering behavior of the sludges and fractions

of the sludges.

Chemical analyses demonstrated that, for both the sludges and the
groundwood, the finer fractions have g higher content of water-swellable poly-
saccharides. The differences between the compositions of the fines and the

coarser fractions are, however, greater for the sludges than for the groundwood.
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INTRODUCTION

The second period of this investigation has been devoted to more de-
tailed characterization of sludges from the primary clarifiers of the Lufkin
facility of Southland Paper Mills, Inc., and to comparison of the sludges with a
sample of fhe groundwood pulp used in the mill. The chéracterization and the com-
parison with the groundwood pulp were based on mechanical fractionation followed
by chemical analyses and sedimentation studies on individual fractions. Some
attention was also given to further refinement of the methods used to characterize

the dewaterability of sludges.

It was established during the first period, and discussed in detail in
the first report (l), that the major components of the sludges obtained from four
different mills were pulp-derived solids closely approximating some of the con-
stituents of the pulps in use at these mills. It was also demonstrated that the
behavior of the sludges is closely approximated by the behavior of a groundwood
pulp. Chemical analyses revealed some correlation of sedimentation behavior with
content of pectic substances. And it was shown that centrifugel sedimentation
behavior is a sensitive indicator of differences between the sludges which are

related to their dewatering behavior.

The sludge from the Lufkin mill, designated as Sludge A, was chosen
for extensive investigation because it was the least easily dewatered. In the
current period, additional samples of sludge from the Lufkin mill were investi-

gated, and these have been designated Sludges A-2 and A-3.

It was noted in Report One that a model system based on groundwood

pulp would be considered. A sample of southern pine groundwood pulp was
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obtained from the Lufkin mill for use in this exploration. This sample has been
designated groundwood SP. In addition, to provide a basis for comparison, some

of the tests were carried out on a sample of northern aspen groundwood. This

sample has been designated groundwood NA.

Two of the questions posed in the concluding section of Report One have
been central to the effort during the current period. The first is whether the
mechanical fragmentation of the fibers in the grinding process is accompanied by
a size-related chemical differentiation. The second is whether a particular size
fraction of a sludge dominates the behavior of the whole or whether the latter is

essentially a composite of the patterns of behavior of all its fractions.
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CHARACTERIZATION

FRACTIONATION

The first step in the characterization of the systems investigated was
a mechanical classification. The double classification procedure used was

similer to that described previously (1). The results are shown in Fig. 1 and

Table I.
TABLE I
BAUER-McNETT CLASSIFICATION
Coarse Screens Sludge A-2 Sludge A-3 Groundwood SP Groundwood NA

On 14 mesh 2.0 1.6 0 0

Through 14, on 20 mesh 4.0 L.o 5.3 0.8
Through 20, on 35 mesh 5.2 5.0 10.8 7.1
Through 35, on 60 mesh 7.9 9.3 17.9 26.8
Through 60 mesh, by diff. 80.9 . 80.1 66.0 65.3

Fine Screens

On 60 mesh 17.0 19.0 29.4 18.2
Through 60, on 100 mesh 6.3 6.2 12,2 15.0
Through 100, on 150 mesh 6.7 5.0 15.2 18.b
Through 150, on 200 mesh 5.2 4.8 6.7 7.6
Through 200 mesh, by diff. 64.8 65.0 36.5 40.8
Through 200 mesh, corrected

for 14-60 mesh retention 62.7 64.1 . 31.9 24,3

The outstanding feature of the sludges is their much higher content of
fines (through 200) and lower content of most other fractions. The papermaking

process is clearly selective in its capacity to retain fibers. Fibers retained
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on 150 mesh, or coarser, screens are lost to the effluent stream at a much lower

rate than finer fibers.

While the separation into eight fractions obtained in the double classifi-
cation is essential to developing a view of the particle size distribution, it did
not seem desirable to subject all the fractions to the types of analyses contem-
plated for further charactefization. A coarser frﬁctionation was therefore carried
out to provide samples in large enough quantities for these studies. This consisted
of a classification producing three large fractions. The first, designated 'on 60,
includes all particles retained on a 60-mesh screen. The second, designated
"through 60,' includes all particles passing through a 60-mesh screen. The third
fraction, designated 'through 200' includes all particles passing through a 200-
mesh screen, and is the only one having a corresponding fraction in the finer
fractionation reported above. The analyses to be described below were, in every
instance, carried out for the three large fractions as well as for the unfrac-

tionated semple designated 'whole,'
CENTRIFUGAL SEDIMENTATION

As noted in Report One, centrifugal sedimentation was found to be
sensitive to variations in the nature of the suspension, and provides a basis for
comparison of sedimentation characteristics. This technique was applied to
characterizing the fractions of the sludges and groundwoods prepared as noted
above. The centrifugations were carried out at rotational speeds of 250, 500,
and 750 r.p.m. It was found that optimum resolution of the curves occurs for
centrifugation at 500 r.p.m., corresponding to a relative centrifugal force
(g) of 55 at the tip of the centrifuge tubes. The data chosen for graphical

presentation in this report are the sedimentation curves at 500 r.p.m.
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Figures 2 to 5 show the sedimentation curves of the three major fractions

and of the whole sample for the two sludges and for both groundwood samples. Two

features stand out. The first is the great similarity of the curve for the sludges

and groundwood SP. The second is the degree of resolution of the curves for all

three samples. The fractions of the hardwood groundwood NA, in contrast, do not

result in well-resolved sedimentation curves.

Figures 6 to 9 provide a comparison of the sedimentation behavior of the
same size fractions from Sludge A-2 and groundwood SP. It is clear that although
differences in sedimentation rates are observed, these differences are quite

small,
CHEMICAL ANALYSES

The fractions of Sludges A-2 and A-3 and of groundwood SP were also
subjected to chemical analyses. The results are shown in Tables II, III, and IV.
The sugar analyses are of particular interest because they indicate the relative
abundance of cellulose, hemicelluloses, and pectic substances. Other constituents,

particularly lignin, have also been determined.

A number of important observations emerge from the chemical analyses.
The first is the clear indication of significent variation of composition with
particle size. The magnitude of this variation is greater for the sludges than
for the groundwood SP, although even in the latter the differences are quite
significant. The other observations are related to the nature of the variation
in chemical composition with particle size. Among these, the varlation of

glucan content is the most importent. The increase of glucan content with
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particle size suggests an increase of the cellulose content relative to the hemi-

celluloses., Also noteworthy, however, is the inverse relationship between

particle size and lignin content.

TABLE II1

CHEMICAL ANALYSIS — SLUDGE A-2

Whole, % On 60, % Through 60, % Through 200, %

Araban l.1 1.0 1.3 1.3
Xylan 5.2 7.05 5.8 5.6
Mennan 7.9 '10.65 8.4 8.0
Galactan 2.7 1.85 2.8 3.b
Glucan 3k.5 52.4 35.9 32.1
Galacturonic

anhydride® 0.47 0.405 0.54 0.65
Lignin - 25.1 18.8 27. 4 29.3
Nitrogen 0.16 0.055 0.155 0.15
Extractives

(alcohol-benzene) 11.0 3.81 8.52 9.85
Ash 2.94 1.10 2.96 2.73

®pectin contains epproximately 80% galacturonic anhydride.

Results are based on moisture~free fractions.
Analyses include components of interest to the study. Totals are less than
100%. '
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TABLE III

CHEMICAL ANALYSIS — SLUDGE A-3

Whole, %  On 60, % Through 60, % Through 200, %

Araban 1.0 1.0 1.1 1.1
Xylan 5.3 7.2 5.1 4.8
Mannan 7.6 11.0 7.2 6.6
Galactan 2.4 1.9 2.8 2.7
Glucan 33.1 49.9 31.7 28.3
Galacturonig

anhydride 0.3%4 0.10 0.23 0.29
Lignin 2k, 0 19.8 25.5 26.0
Nitrogen 0.20 0.0k4 0.25 © o 0.32
Extractives

(alcohol-benzene) 12.1 1.3 11.8 1.2
Ash 5.2 1.6 5.4 6.0

aPectin contains approximately 80% galacturonic anhydride.

Results are based on moisture--free fractions.
Analyses include components of interest to the study. Totals are less than
100%.
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TABLE IV

CHEMICAL ANALYSIS -~ SOUTHERN PINE GROUNDWOOD

Whole, % On 60, % Through 60, % Through 200, %

Araban 1.3 1.1 0.8 1.3
Xylen 6.7 6.5 6.2 5T
Mennan 11.3 12,4 10.4 9.0
Galactan 3.3 2.0 3.3 3.5
Glucan Lo.9 43.1 38.9 34,7
Galacturonic

anhydride® 0.36 0.26 0.36 0.43
Lignin® 27.56 25.55 28.68 32,18
Nitrogen 0.06 0.03 0.08 0.07
Extractives

(alcohol-benzene) 4,18 0.86 2.63 2.h2
Ash 0.77 0.66 1.26 1.76

®pectin contains approximately 80% galacturonic anhydride.
bNot corrected for ash.
Results are based on molsture-free fractions.

Analyses include components of interest to the study. Totals are less than
100%.
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DISCUSSION

The results summarized above suggest a number of conclusions related to
the nature of the systems under study as well as the course of further investi-

gations with a model system.
MODEL SYSTEMS

A comparison of both centrifugal sedimentation results and chemical
analysis data for the two sludges and groundwood SP indicates that the groundwood
system approximates the sludges closely enough to establish the validity of its
use as a model system in further investigations. It is true that differences in
particle size distribution, and in the range of variation of chemical composition,
do occur between the groundwood SP and the sludges. These differences can be
adequately accounted for, however, at this stage in the investigations. Thus,
the hypothesis put forth in Report One concerning the development of a model

system seems to be valid.

A broader implication of the comparison of the sludges with groundwood
SP is that a basis may be developed for understanding the dewatering properties
of mill sludges in terms of the dewatering behavior of fractions of the pulps
in use at the source mills. The close correspondence between the behavior of
fractions of the sludge and those of the groundwood (Fig. 6 to 9) indicates that
mechanical classification can contribute to developing the relation between

the behavior of the two types of systems.
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SEDIMENTATION

The measured sedimentation rates for the different fracticns can be in-
terpreted in terms of both chemical and mechanical factors. The chemical differ-
ences result in differences in the density differential which in turn cantributes
to the balance of mechanical effects which detefmine the observed sedimentation

rate,

The most obvious purely mechanical effect is the variation in surface-
to-volume ratio assoclated with varistion in particle size. The higher surface-
to—volume~r;tio for the smaller particles will result in a higher ratio of
viscous ér;g to inertial forces. Thus, sedimentation of smeller particles will

occur more slowly entirely apart from any differences in constitution.

The chemical difference which is likely to influence the density
differential is the balance of carbohydrate content between cellulose and the
hemicelluloses. The higher hemicellulose content of the smaller particles is
likely to result in increamsed swelling by water thus bringing the spescific

gravity of the pérticles closer to that of water.

The two factors listed as contributing to the slower sedimentation
of small particles (i.e., surface-to-volume ratio; hemicellulose-to-cellulose
ratio) seem to be coupled in a complex manner. This is brought out in compari-
sons of sedimentation curves for the whole systems with those of the fractions.
Thus, for both sludges and groundwood SP the sedimentation curves for the whole
system begin at a level intermediate between those of the smaller and larger
fractions, but in each case the final part of the whole-system curve is at a

level significantly below the level for the largest (on 60) fraction. The
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shape of the curve for the 'on 60' fraction suggests the possibility of a

'"brush-pile effect' mechanically inhibiting further compaction.
CHEMICAL ANALYSES

It was noted above that the increased hemicellulose content would.
result in greater swelling. This observation is in part based on the nature of

the hemicelluloses involved.

Two gelactoglucomannans are known to occur in southern pine (g). of
these, one contains spproximately 0.1 gelactopyranose residues per 3 mannopyranose
residues, and is soluble only in strong caustic solution. The other has 1 galac-
topyranose residue per 3 mannopyranose residues, and is soluble in water. Ex-
amination of the galactan-to-mannan ratio for the different fractions reveals a
consistent pattern for the two sludges and the groundwood SP. The ratio of
galactan to mannan is about 0,17 for the 'on 60' fractions, and ranges from 0.37
to 0.42 for the 'through 200' fractions. Clearly the content of the water-
soluble galactoglucomannan increases as particle size decreases. And it is anti-
cipated that the greater water solubility contributes to hydration of the

particles.

Another constituent closely related to the hemicelluloses is pectin.
Although it occurs in smaller quantities than the hemicelluloses, it is im-
portant because of its capacity to bind large amounts of water. The content of
pectin is also found to increase as particle size decreases. Thus, it appears
likely that the higher pectin content also contributes to greater hydration

of the smaller particles.
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Consideration of the potential roles of the galactoglucomannan and the

pectin indicates that, in aeddition to investigation of the ratio of the other

polysaccharides to cellulose, some attention must be given to the nature of the

particular polysaccharides involved.
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FUTURE DIRECTIONS

The results obtained so far in the current program éuggest that
further refinement of the nature of the observations is desirable. A sedimenta-
tion procedure more directly related to the capacity of the sludge to bind water
at a molecular level would permit clearer distinction between the hydration prop-
erties of the fractions. In addition, the nature of the relationship between

sugar asnalysis and capacity for hydration needs to be explored.
SEDIMENTATION

The weakness of the sedimentation procedure used so far is that, in the
limit, i.e., at long periods of centrifugation, the process may be dominated by
mechanical compaction effects which have little or nothing to do with binding of
water within the particles. In Fig. 2 to 4 it is seen that, at long periods, the.
'on 60' fraction attains a lower degree of separation than the other fractions.
This is in spite of the fact that in the early stages it separates far more
rapidly than the other fractions. The 'brush-pile' effect was suggested above
in explanation of this observation. The figures also show that the curves for
some of the other fractions approach the same slope as the 'on 60' curve at long
periods, although this occurs at a higher level of separation. This too suggests
a mechanical effect since greater compaction of the smaller particles can be
anticipated. Thus, it appears clear that although the centrifugal sedimentation
experiments provide valuable information concerning the early phases of
separation of the sludges and their fractions, continuation beyond a separation
corresponding to approximately h.to 5% solids brings into dominance mechanisms

unrelated to hydration of the particles. A new technique is thus being evaluated.
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The technique under study is that developed by Thode, et al., at the

Institute in order to measure the changes in hydration capacity which accompany
beating of chemical pulps (3). Though a number of centrifugel methods have
been described in the literature, the method of Thode, et al, was chosen because
the special equipment developed for its epplication is readily available at the

Institute.

The method is essentially a technigue for‘centrifugal filtration. The
suspension to be tested is made to drain through an eppropriate screen, resulting
in the formetion of & pad. The pad and the supporting screen are then trans-
ferred to a specieldly designed centrifuge head assembly which enables spinning in
the International Centrifuge, Model V. A relative centrifugal force of 3000 g.
is possible in the present arrangment. After spinning for a fixed period, the pad
is removed and weighed, then oven dried and weighed agein. Final solids contents
of 15 to 30% are possible with this technique. Preliminary exploratory experi-
ments indicate that this technigue is indeed sensitive to the capacity of the

fibers to bind water.
CHEMICAL ANALYSES

As noted abo?e, the analyses carried out so far have indicated that
components which arise from hygroscopic polysaccharides do occur in larger
quantities in the smaller particles. These results are consistent with the hy-
pothesis that such polysaccharides are an important factor in the dewatering
problem, but the evidence remains indirect in nature. The chemical approach
which is currently under development is intended to provide more direct

evidence concerning this point.
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The approach chosen is an adaptation of the procedure used by Banerji

and Thompson in investigations of hemicelluloses (E). The pulp is subjected to a

mild chlorine delignification in order to minimize the loss of soluble poly-

saccharides. This is followed by extraction with water and caustic solutions of

increasing strength to remove, in stages, the various polysaccharides.

In the present program, the delignification has been modified to
further reduce the loss of polysaccharides, by carrying out the chlorination and
extraction in orgenic media. This phase has been successfully accomplished, and

s lignin level of about 1.0% has been attained.

The next phase, projected for the near future, will involve extraction
by aqueous, and agueous caustic media of increasing strength, followed by two
types of observations. In the first, the capacity of the residual pulp to bind
water will be measured, using Thode's 'centrifugel water retention' method, after
each stage of extraction. The second type of observation will be a sugar
analysis carried out on the polysaccharides solﬁbilized at each stage. Thus, it
is hoped that the polysaccharides responsible for hydration of the sludge parti-

cles will be identified directly.

It is anticipated that success in the program as projected should lead
to general relationships between hemicellulose content of pulps and the hydration
properties of the sludges resulting from operations utilizing the particular

pulps.
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