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The stuay summarizes the present knowledge on the role of hydration in con-
centrated papermaking suspensions, and deseribes the miluence of the aqueous
medium, characlerized by the delerminatien of ihe so-called relative hydration
factor on

— initial tensile strenglh of the wet pauper web s

— permeability of the pulp bed for different aqueous media, as well as the pulps
refining process.

Determination of the relative hvdration factor is bused on the different crientation
of water molecules in the hvdratien lavers, affecting the so-cailed hydralion
forees.

Die Zusammenfassung von unscren gegenwinrtigen Iirkenninisen Uber Rolle von
Hydratation in konzentrierter Papierstoffsuspension.

Der Einfius von Wasserumbedung charakterisiert mit dem sog. rel. Iyvdrations-
faktor auf :

— der initialen Nasfestigkeit \rr Papierblatt,

— der Permeabilitiit von Zelstoifbett in verschiedener Wasserumgebung und
besonders auf demn _\{aahmgsprozcss voil Zelistoff wird geseheben. Die  Beurteilung
von rel. Hydratationsfaktor wird auf Konzeption verschiedene Orientation die
Wassermolekillen in der Fiyvdralationschichien und mit dem verbindete wechsel-
wirkende sog. Hydratationskriifte begrindet.

INTRODUCTION

No doubt, nowadays, water or water medium play quite an im-
portant role in paper production. It is not only a problem of transport, but
mainly of an important intfluence upon the behaviour and properties of
dilute paper stocks from the wet paper web up to finished paper. The
most decisive problem is the influence of water on the bond system of
paper. The behavicur of pulp suspensions at low concentrations is guite
known.

Another pr‘oblem, however, appears after 'emovinw free water {rom
the pulp suspension, i.e. from concentrations about 109, and higher. In
these cases, the relative mobility of individual fibres is fan“lv 10\\*@1 ed and
mutual distances between interacting fibre configurations are so small

Cellulose Chem. Technol., 26, 607 —618 (1992)



608 M. Milichovsky

that other effects than the electrokinetic ones are functioning here. Water
or water medium, respectively, continue their influence, but in another
sense. There is pr esumed that the influence will be \nmlcu‘ in all hydrated
hydrophilic systems and will operate with the same mechanism. This
water medium can be char acterized, and its influence on some qualities
of pulp suspensions of higher (011(*entr ation can be studied, it a suitable
phenomenon is designed, that is easy to observe and is \Pn\lble to changes
of thix water me(hum %m 1a phenomonon called relative hyvdration factor
is based on the idea of hydration forces forming a hydrallon bonding
system among hydrated hvdmphlhc (~()mp0nent\

We have followed the influence of the water medium upon :

— the initial tenxile strength of paper

— the permeability of the fibrous pulp bed

— the energy requirement for beating pulps.

1. MODELLING SYSTEM OF HHYDRATION IFORCES

A phﬂnomenon where, according to our observations, the hyvdration
forces play the main role is the s0- mﬂed critical degree of dilution (CDD),t
an untypical case of a limited dilution ability characteristic for some
concentrated hydrophilic systems, e.g. some polvesters, urea-formalde-
hvde resins, ete. The volume of the or 10‘111(11 hydrated hvdrophlhc system
V, being o*mduallv diluted with water or water solutions, lespeulvelv
lt doos not underoo any changes until the moment when the volume of
added water or of its solutions exoeedk the critical value Vi (Fig. 1). Now,
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the originally transpavent liquid Decomes turbid due to procipil’nteﬂ
microgel particles. The value (DD = (Vy -+ V)'V,. The turbidity is
caused by the coacervation of the originally homegeneous system with
the addition of water or water solutions.

The super-molecular chemical phenomenon can be simply explained
by the so-called hydration forces functioning among mtem(*lmn hydro-
philic molecules or their fragmenis in water (Ifigs. 2, 3).%2 The condition
of ~uch behaviour is the presence of hvdra ted h\'rh'()pluhn anisometrie
oligomer molecules. The parts or ends of these molecules influence each
other by the attractive hydration forces, while other parts of molecules by
the repulsive forces. The effect of the %111“1(%1\'0 forces among interacting
molecules nust however prevail to that of repulsive hydration forces.
The uniform distribution of oligomer molecules ix thus reached in all the
volume of the water medium. When these svstems are diluted, the mole-
cules, their parts and ends ave drawn away from each other and their
mutual force action ix thus weakened. After exceeding the critical con-

centration or the eritical volume of added diluting v ater V s T'esp., coacer-
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Fig. 3. — Rupture mechanism of the stretching space net by gradual dilution.

vation takes place, owing to the fluctuation of the affecting mutual forces
and the kinetic energy of interacting oligomer molecules. In this case,
the composition and properties of the separated coacervates correspond
to the original concentrated system. The influence rate of the added sub-
stances upon hydration forces can be evaluated by means of the so-called
hydration factor g = CDD /CDD,, where CDD, means the CDD value in
a standard medium, e.g. in distilled water. The value g > 1 means that
when compared with the original medium, the added substances decrease

the attractive forces or increase the repulsive hydration forces, resp.,
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and reversely (see Fig. 1). Thus, the system enables us to simulate the
influence of different components in water wupon hydration bonding
system, among hydrated hydrophilic molecules, particles etc.

2. PRACTICAL ASPECTS OF THE RELATIVE HYDRATION FACTOR
Influcnee of the water medium cn the Initial wet strength of paper®

1t is known that the strength of wet paper web (initial strength)
or its bond system resp.,is d@‘gem ined by the mechanical entanglement of
fibrous formations and bV mutual phvsmd bonds between them. The
degree of mutual bonding abilities increases with inereasing the beating
deowe to the detriment “of the mechanical entanglement. If a constant
contribution to mechanical entanglement is a%med in the bond system
of wet paper (for instance, by a congtant bealing degree), the changes of
initial st renﬁth will then indicate the changes in fibre bonds.

The dependence of the initial strength of paper, I,, measured at
comparable conditions with a relative hydration factor — g (g =
= CDD/ODD,, CDD, is the CDD value in the water from paper stock
without any other additives) is plotted in Figure 4. It shows clearly
that the initial strength of paper web falls with the rise of repulsive
hydration forces to the detriment of the drop of its attractive component
the increase of g values). The hydration bonding system among hydra-
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Fig. 4. — Relationship between the initial tensile strength — I, of paper on the hydra-

tion facter — g relation. The hydration factor — g relalion was measured over a range

extending from pulp slurries withiout other components (g = 1.00, where CDD = CDDy) to

waler from pulp slurries with other componenis (g > 1.60), Iy == (1.5213 g — 0.7184) 9-4988
(in N); Correlation coef. = 0.90122.
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ted fibers is getting weaken. The linear relationship has the form I, —
= 1.4 — 0.32.g, rww = 0.754, which can be taken as a semiquantitative
proof of the existence of hydration forces.

The initial strength of wet paper web (I,) was determined using
the method and apparatus by Brecht-Heiniger.>=* The dispersion va-
riance of the values around the calculated dependence was caused in
this case by a greater error in determining the initial strength (about 109%,
on the average).

Relation of the permeakility of pulp bed to the water medium

One of the important aspects of paper stock draining is the filtra-
tion resistance of the drained bed, which is characterized by its permea-
bility. Ingmanson’s uethod ¢ is often used to evaluate the permeation
properties of pulp. The relations of the permeability of the fibre bed B
to the g value characterizing the water medium are plotted in Fig. 5
(CDD, corresponds to CDI)y in water, without any other additives).
Table 1 shows the relations of the parameters characterizing fibrous pulp
bed (K — Kozeny's constant, S, - specific surface, » — snecific vo-

\

lume of fibre bed) and the permeating water medium (g).
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corresponds to the CHDovalue deterinined in waler without  additives ;
¢ — Concentration of fibre bed.
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TABLE 1

Relation of paramelers characterizing fibre pulp bed with the relative
hvdration factor -- g

Rel, hydrat. factor

¢ ; SeIR03 « 1076 (m~1 o - 103(m® kg)
{
—-
1.000 l 1.962 3.24
1.866 | 2,057 2,94
2044 | 1.776 2.84
4,014 | 2192 2.09
| i
0103 = — 0.3780. g 5 3.623, Iy, = — 0.9997¢

Figure 5 explicitly shows that the permeability of fibre pulp bed B
increases in such a water medium in a linear way, which supports the
effect of repulsive hydration forces between hydrated phase interfaces.
It is such water medimm, that supporis only one direction in the orien-
tation of molecules near the by-passed walls of individual pulp fibres. As
the specific volume of the fibre bed, «, falls with the increase of therela-
tive hydration factor g (see Table 1) and the specitic surface of the bed
S,K0? is practically  constant, it is clear that the corresponding in-
crease of permeability B is connected with a  drop of the so-called
immobilized water in the bed, in its Intertibre space. In other words,
the amount of water closely connected at these measuring conditions
to pulp fibres forming the fibre bed is decreased, with rising the effect
of repulsive hydration forces in the bed.

This phenonienon can be explained as follows (see Tig. 6): the
zones around the phase interfaces where attractive hyvdration forces are
operating are filled up with more strongly bound and less mobile water
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molecules and, on the contrary, the zones ot repulsive hydration forces
are filled up Wlth lexs bound and {hus more mobile water molecules. The
decrease of the action of repulsive nvdwuon forces results in the rice of
the content of iminobilized water and thus in a drop of permeability
of the fibre bed for the given Wa"wr medium, and reversely.

To carry oul these experiments, the chosen water medium was
torced through the fibrous pulp bed of a defin ‘iﬁ coneentration ¢, which
was placed in an apparatus especially designed for this purpose. The re-
salts were treated hy Tngmanson.® The pl&p material used was bleached
=oftwood sulphite MgBi pulp beaten to 35 SR,

The infinence of water medivm ¢n the refining proves?

If we accept the (()H(‘Q})'l of hivdration fovees ax right, it heconues
evident that water medinm must play an iwportant part i plﬂp be ating,
which destroyvs its super-molecidar sirucivre to form {iue fibres, 1 l)nm,
mic 1*()""”)3*1'"1‘{@%0 Without any ‘pplm'ni“{v theoretical explanation, se-
veral substances have been olreu dy known for a longer time whose pre-
sence 1n the water mediuin of pulp shortens its beating time or lowers the
reguirements of refining eiergy resp., e.g. some azodves (Kongo Red is
typical).”

The dependence of {he relative specifie energy consumption needed
for refining uuip o 50 5 R (regarding distilled water) upon the relative
hyvdration factor given in Figure 7 fuliy confirmis the theoretical coucept
of livdration forces iuzmmg hyvdration bonding system  among  fiber
components of pulp. ¥ e jnevease of the relative hydiation factor means
a rise in the action of repulsive hyve u*m(m forces to the detriment of the
attraciive ones, This becomes evident with refining, in that the creation
of new surfaces, particies or siractural <i mage andor modifications of
puip fibres ave more easily pediornued. igure 7 also shows that. beside
subsranees having t})()\"'l\ ¢ effect on the refining ])4 ocexs, there are also
substanees acting in the oppoxsite xense. Their effect can even change, de-
pending on tiwir d()\ml amount. A relative dnpmxmn vaviance of the ex-
perimental data is caused by a worse reproduocibility of refining (z\pﬂr*
ments amd, in some cases, })\' the guaittative differences in the behaviour
of the pulp sysfem and ol the model system used to determine the value
of the relative hyvdration factor g.

Inall experiments, the hydration factor g was changed only with
some lov olecular additives that did not aitect the floceulation of the
naper stock.

3. CONCEVT OF HYDRATION FORCGIEES

Tiw im*a of H'i.e (,)1‘1;;:‘ix1>: and effect of hvdration forces 1s based upon
’ molecales and on their possibie
vl tl(m qmm ex around the hyvdrophilic phase interface
d@p%’uw ‘g upon ity nature. $ The possible orientations of water molecu-
regarvd 1o the })iLm(‘ interface vary essentially between the tol-
lc,\\ing extreme positions (see Fig, 8) 13
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g = CDD/CDDy (CDD, and the consumption of beating energy = 1009, was measured in dis-
tilled water.)

1) G = 65.105 + 1/(0.096 - ¢ -— 0.0687);

Correlation coef. = 0.70158

2) Linear relationship:

= 318.85 — 214.43 . g; Correlation cocf. = — 0.66147.

— orientation with the H-atoms of water molecules to the surface
of the phase interface,

— orientation with the O-atoms of water molecules to the surface
of the phase interface.

Owing to this orientation of water molecules, caused by the formed
H-bonds of water molecules to the groups of the phase interface, a strong
force field arises and extends due to other water molecules within the hy-
dration sphere, inducing decreased diffusion, until it has a zero value inside
water. This effect serves as origin of the force action between interacting
phase interfaces — i.e., of the hvdration forces. If the orientation of water
molecules is equal to each of the interacting phase surfaces, the two phase
interfaces will affect each other with repulsive hydration forces. In the
opposite case, when the orientation of water molecules to each of the
phase interfaces is different, the two surfaces will affect each other with
attractive forces. From theoretical considerations there followx, under the
same conditions, that the repulsive forces extend their effect to larger
distances than the attractive hydration forces, and the effect of attractive
hydration prevails on short distances (probably smaller than 4 nm)?8-see
Figure 9. In the case of heterogeneous phase interfaces (e.g. pulp fibres),
when repulsive and attractive hydration forces are functioning simulta-
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neously in the interaction, a certain equilibrium is established, at which
the two surfaces are in a definite optimum distance from each other
(see Fig. 10). The interaction thus leads to mutual diffusion of their hy-
dration spheres, which is connected with a change of their structure.
These structural changes take place at the molecular level, being accom-
panied by appropriate heat effects.?

As we can see from Figure 9, the action of the hydration forces is
strongly influenced by temperature. 8

CONCL.USION

Although the conception of hydration forces has a main importance
in the intensification of refining and other processes, it can be used in
other fields of paper and pulp industry, too. It is proved that the prin-
ciples of hydration bonding svstem make possible to explain and develop
the precipitations (coacervation) of lignosulphonates from spent sulphite
liquors, of hemicelluloses from alkaline pulp eluates, and to utilize some
synthetic coating pigments as so-called co-binders, ete. Highly important,
this conception may be applied to the rheological behaviour of the high
concentrated paper stocks and high concentrated hydrated hydrophilie
dispersion systems, such as glues, coating colors, impregnation systems, ete
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