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Coating of Paper Sheet with Insoluble Gelatin
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Treatment of paper with internal sizing agents, not only reduces the penetration of liquids, but also affects the permeability.
The mechanism by which sizing brings about resistance to penetration by liquids is explained by the contact-angle theory. Also
the precipitation of the rosin size on the fiber forms a water-repellent film upon drying. On the other hand, surface coating of
paper sheets with gelatin-hexamine mixture, in different concentrations, results in animprovement in the permeability compared
to the uncoated sheets. This could be due to the penetration of the gelatin through the pores of the paper sheet and precipitates as
an insoluble film on the fiber, due to cross-linking formed through formaldehyde, which is liberated as a result of hexamine

degradation.

Introduction

High water resistance is desirable in some paper types.
To increase water resistance, sizing agents including,
animal glue, rosin size, synthetic resins, starch, and sev-
eral similar substances are being used in the paper in-
dustry. Sizing of paper is a treatment primarily designed
to reduce the rate of penetration of liquids. Sizing treat-
ments are applied : (a) Internally by precipitation on ei-
ther the fibers in the beater, or (b) By surface treatment
of the web of paper'.

The study shows the effect of surface sizing by coat-
ing the paper sheet with gelatin-hexamine mixture to
improve its water resistance, as well as the internal siz-
ing, using the rosin size.

Experimental Procedure
Raw Materials

Bleached wood, rice straw, and mixture of rice straw
and bagasse pulps, obtained from Rakta Company, Al-
exandria, Egypt, and factory recycled papers, obtained
from Semo Mill, Egypt, were used in this study to pre-
pare the hand-made sheets. To make acceptable sheets
for testing, following six operations must be performed:
(1) Preparation of a uniform pulp suspension ; (ii) Re-
moval of a representative sample of the paper size; (iii)
Formation of a uniform sheet ; (iv) Couching ; (v) Press-
ing ; and (vi) Drying. The papers were prepared accord-
ing to the SCAN-C 26:27, SCAN-C 5:76 standard test
method.
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Internal Sizing

Rosin size, obtained from Rakta Company, Aexandria,
Egypt, and 10 per cent aluminium sulphate solution were
used. Rosin size was added to the head box after addi-
tion of fibrous stock, before the addition of alum. In or-
der to obtain the desired results from the rosin size, it
must be precipitated in the paper making stock, using 10
per cent aluminium sulphate. The precipitation is usu-
ally done at pH 4.5.

Preparation of Gelatin-Hexamine Coating Mixture

Preliminary experiment was carried out to investigate
the properconcentration of gelatin-hexamine mixture to
be used as a water repellent mixture. Suitable mixture
for the present study was found to be 0.5 per cent gelatin
with either 0.5 or 1.0 per cent hexamine. The following
procedure was carried out :

Half-a gram of gelatin, accurately weighed, and cut
into smaller pieces was left to swell in 20 mL water for
half-an-hour. The gelatin was allowed to dissolve on a
water bath at 100°C, then made up to 100 mL with water
and cooled.

Hexamine was dissolved in the previous solution in
two different concentrations, i.e., 0.5 and 1.0 per cent,
based on the dry weight of the gelatin and the mixture of
the gelatin and hexamine was then used for coating.

The hand-made sheet of papers made from wood pulp,
rice straw, and the mixture of rice straw and bagasse
pulps, as well as the factory recycled paper pulp obtained
from Semo Mill, were dipped in the coating mixture of
gelatin and hexamine for 5 min., dried in air, and hy-
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draulic pressure was applied for total drying without
heating to avoid wrinkle in the paper. The samples were
placed in a rotating drum at 105°C for half-an hour.

Physical Tests of Hand-Made Sheets

After conditioning the hand-made sheets were
weighed and divided into suitable pieces for the physi-
cal tests. In accordance with standard method" the me-
chanical properties, i.e., bursting factor, tensile strength,
tearing resistance, and optical properties, i.e., brightness
and opacity of the sheets were measured. For each test,
at least five experiments were carried out and the arith-
metic mean of the obtained results was calculated.

Permeability

The permeability of a sheet of paper is generally as-
sumed to be and measured by the rate of flow of air be-
tween the paper and a plate pressed on its surface.

The air permeability of the paper could be determined
by following three different methods : (i) Compressing
of the air and forcing it through the paper by hydrostatic
pressure ; (ii) Drawing of air through the paper by a par-
tial vacuum ; and (iii) Measuring the pressure drop
through the instrument caused by the resistance of the
paper to passage of air'.

Results and Discussion

Properties of Prepared Hand-made Sheets
Effect of Internal Addition

Papers made from rosin size-added pulps—Hand-
made sheets were prepared from bleached wood pulp,
rice straw pulp, mixture of rice straw and bagasse pulp,
and Semo pulp, to which rosin size was added to obtain
sizability of 30 s, which was determined by the dry indi-
cator test?, and their optical and mechanical peroperties
as well as permeability properties were investigated. The
results of investigation are given in Table |.

Comparison between the optical and mechanical prop-
erties of the sized and unsized papers, made from the
four parent pulps, reveals that the mechanical proper-
ties, except the tear factor for bleached wood pulp, were
decreased. These harmful effects are not entirely due to
the sizing agents, but can be attributed up to great extent
to the acidity of paper arising from the alum added with
the sizer. However, apart from the undesirable effects of
the sizing, new properties may add to the sheets, render-
ing them useful otherwise.

On the other hand, from the above results, one can
notice that the addition of rosin size, i.e., treatment of

paper with internal sizing agents, not only affects the
mechanical and optical properties of the paper, but also
the permeability. The permeability is improved by the
addition of the rosin size, and it follows the order : Mix-
ture pulp > Semo pulp > Wood pulp > Rice straw pulp,
where sizing has no effect on rice straw pulp since it
contains an appreciable amounts of silica (ash content
being 6.6 per cent), which acts as a sizer that blocks the
fiber pores. Paper is sized to make it water repellent,
rosin being most commonly used along with aluminium
sulphate. A sizing agent of this kind plays an important
part by covering the fiber surface with fine water-resis-
tant particles and greatly reduces the tendency for writ-
ing ink to ‘feather’, or disperse over the surface.

When drops of water come into contact with the sur-
face on one side of a textile fabric, they will usually
spread over it, forming a film which gradually penetrates
to the other side. Such monements are due to a combina-
tion of capillary pressures of wetting of the fiber sur-
faces and occasionally, wetting of the fibers themselves®.
Textile materials treated with water-impermeable coat-
ings are known to waterproofed, as distinct from having
been water repellent (or showerproofed)*.

The mechanism by which sizing brings about resis-
tance to penetration by liquids is explained by the con-
tact-angle theory proposed by Cobb and Lowe®*. The
contact-angle theory, expresses in exact form, the opin-
ion voiced by some researchers’® that sizing is not af-
fected by changing the porosity of the paper but by chang-
ing its surface tension. The contact angle could be in-
creased by deposition of various substance, of which
paraffin wax is one®. Cationic rosin dispersions could
also be applied. Alum is needed to form flocs of alu-
minium resinate complex which are deposited on the fi-
ber surface. These flocs melt on drying and are treated
further with aluminium ions. Rosin is an inherently tacky
material which forms deposit at pressing or after dry-
ing®. On the other hand, ammonium salt should be used
if sizing response is desired, since the ammonium group
flash off in the dryer section and allow the filler groups
to coordinate with cationic species in the paper’.

All water-dispersed sizing agents comprise two parts
: (1) The polar, water-soluble portion and (ii) The non-
polar, water-insoluble, and water-repellent portion. To
produce water repellency, this can be done by deposit-
ing a water-repellent film, using a cationic surfactant
which adheres to the fiber surface with its polar head
oriented towards it and the hydrophobic tail oriented
away from it*. In rosin size, or sodium rosinate, the wa-
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ter-soluble portion consists of the sodium ion, the pres-
ence of which adds a certain degree of solubility upon
the entire rosin molecule, while the water-repellent por-
tion consists of the hydrocarbon parts.

Effect of Swrface Addition
Coating of Paper With Gelatin-Hexamine Mixture

Most definitions of sizing refer to imparting some
degree of resistance to the absorption or penetration of
liquids, especially water. Applied to surface sizing, this
implies thatthe resistance is achieved by applying chemi-
cals to the surface of the paper or the board, after it has
been formed, rather than adding chemicals to the wet
pulp®.

Hand-made sheets made from bleached wood, rice
straw, mixture of rice straw and bagasse, and Semo pulps
were coated, once with 0.5 per cent gelatin + 0.5 per
cent hexamine (mixture I), and another with 0.5 per cent
gelatin + 1.0 per cent hexamine (mixture II) by applying
the dipping method for obtaining water repellent paper.
The mechanical peroperties as well as the permeability
were investigated. The results are given in Table 2.

On comparing the properties of coated and non coated
papers made from the four different pulps the mechani-
cal properties deteriorated on coating, except the tear
factor for both coated papers made from bleached rice
straw and mixture pulps coated with mixture I, and the
breaking length for coated papers made from bleached
mixture pulp coated with mixture II. On the other hand
the permeability improved on using mixture I and fur-
ther improvement is noticed on using mixture II.

As high water resistance is desirable in some paper
types, therefore a gelatin-hexamine mixture is used in
different concentration to coat the paper which results
in an improvement in the permeability compared with
the uncoated sheets.

Gelatin molecules, which are like those of other pro-
teins, compased of about 18 different amino acid radi-
cals®, linked together with several possible structures.
The behaviour of gelatin indicates a fundamental arrange-
ment in which the amino acid radicals are joined together
by peptide linkages, -CO-NH-, in chains of varying
lengths and molecular weights.

The presence of low concentration of the gelatin so-
lution (0.5 per cent) leads to low viscosity of the coated
solution which can penetrate more easily through the
pores of the paper sheet and precipitates as an insoluble
film on the fiber, due to cross-linking formed through
formaldehyde, which is liberated as a results of hexam-

ine degradation, rendering the soluble gelatin to an in-
soluble form®. The degradation of hexamine can be no-
ticed from the fact that the hexamine is formed from the
evaporation on the steam bath of a solution of formalin
(37 per cent formaldehyde) and ammonium hydroxide,
and this reaction is partially reversible'’, i.e., the pres-
ence of hexamine with water (hexamine solution) and in
the presence of heat during the drying process of the
sheet, so as to liberate formaldehyde.

The rate of penetration is affected by the type of fiber
used for paper sheets; where paper is a layered mat, con-
sisting of a network of cellulose fibers bonded together.
Each of the fiber-fiber contacts is held together by inter-
molecular forces (van der Waals; hydrogen bonding)
which are very sensitive to water and the extent of bond-
ing decreases slowly as the water content of the paper
increases''. The gelatin solution penetrates more rapidly
into the fiber sheet made from the agriculture residues
(rice straw and mixture of rice straw-bagasse pulps),
which are fine fibers, compared with that made from
wood pulp. This can be observed from the permeability
test, where it is noticed that it decreases in higher per-
centage for sheets made from rice straw, followed by
sheets made from mixture of rice straw-bagasse, and fi-
nally from sheets made from both, wood and semo pulps.
Also, it is noticed that uncoated sheets made from rice
straw pulp possess lower permeability and this may be
related to high ash content, and consequently high silica
content which blocks the pores of the fiber. Also the in-
creased lignin content plays an important role.

In certain industrial applications the viscosity of the
solution of gelatin in water is as important as the ability
of the solution to form a gel ; in some instances it is even
more. Hence a more important characteristic property
of gelatin is its ability to form a gel or jelly in aqueous
solution below 35°C. At higher temperatures the system
exists as a sol. The system is heat reversible, the melt-
ing temperature being slightly higher than the setting
point.

Various physical properties of gels confirm the theory
that their formation and structure depend upon the es-
tablishment of a specific pattern along the segments of
individual gelatin chains, certain regions being associ-
ated laterally to form crystalline bundles of chains. When
a gelatin solution is cooled, intramolecular reorganiza-
tion of parts of the peptide chains occurs, resulting in a
configuration designated as the collagen fold, and more
hydrogen bonding may take place during this reorienta-
tion*.



Table 1 — Physical properties of hand made paper sheets made from rosin size-added pulps

Type of pulp
used Rosin size-free Rosin size-added
Tear factor Breaking Burst factor Permeability ~ Brightness, Opacity Tear factor Breaking  Burstfactor Permeability Brightness  Opacity
100 g length g/cm’m?/g cm®/min per cent per cent 100g length glem*m?/g cm®/min per cent per cent
power m%/g m power m2/g
Wood pulp 141%6 5777+208 248+ 029  2200+100 71.1£0.1 822202 222:22 3146 + 52 1.3140.23 1100 + 30 734+03 86.4+0.6
Mixture 29+2 1248 + 88 0.24+0.06 1233+ 60 71.0+0.2 93207 28%3 1378+ 67  0.1410.07 346134 71.1£0.1 96.4x1.1
pulp*
Ricestraw 43 %5 48374202 2.12¢025 80zx10 7102 0.2 98.7+12 S57%5 39391168 1412007 75x8 71.0£02  98.4x1.0
pulp
Semo pulp 703 1343276 0.28+0.08 1600+80 68.9+0.6 90.2+0.6 69+ 6 1199 £ 55 0.40+0.10 200423 69.7+05 903x0.4
*Mixture pulp : 80 per cent rice straw pulp and 20 per cent bagasse pulp
Table 2 — Physical properties of coated papers
Type of pulp
used Uncoated paper Coated paper with mixturc I** Coated paper with mixture [I***
Tear tactor ~ Breaking  Burst factor Permeability Tear factor Breaking Burst Permeability ~ Tear factor ~ Breaking  Burst factor Permeability
100 g length g/cm*m¥/g cm¥min  100g power length factor cm*/min 100g power length g/cm’m¥/g cm®/min
power m%/g m m/g m g/em? m-/g m
m?/g
Wood pulp 141 %6 5777208 248 £+0.29 2200+100 476 1886 £49  09+009 1766+ 80 1.31£5 3063146 1.25+0.13  1600+50
Mixture 29+2 1248 +88 0242006 1233+60 1126 823+ 55 0.17+£0.01 800 +40 24x1 1575¢52  0.2120.03 600+ 30
pulp*
Rice straw 435 4837+202 2.12+025 80z10 62+6 1862+ 105 0.68+£0.07 30x2 32+3 2754 £108 1.92+#0.19 302
pulp
Semo pulp 703 1343+76  0.28+0.08  1600+80 663 1407 £ 71 0.37+0.07 1300 + 80 60+3 1402+71 0.34+0.05 1100+40

*Mixture pulp : 80 per cent rice straw pulp and 20 per cent bagasse pulp
** Coating mixture I : 0.5 per cent gelatin + 0.5 per cent hexamine
*** Coating mixturc II : 0.5 per cent gelatin + 0.5 per cent hexaminc
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Proposed Mechanisms for Cross-linking

The presence of hexamine, CH N, (0.5 and 1.0 per
cent), is to improve water resistance of the coated pa-
pers. This effect can be attributed either to one or both
for the following reasons :

(i) the degradation of the hexamine occurs in the
presence of water during the drying process of the sheet
formation (heat) and the liberation of formaldehyde,
which acts as cross-linking agents. Here, the liberated
formaldehyde reacts with the gelatin (Eq. 1)'2. The reac-
tion then continues as a croos-linking agent with the cel-
lulose according to the mechanism as given in Eq. (2).

0 0

! [
-C-NH- + CH,0 == -C-NCH,0H (1)
0 0

I I
-C-NCH,0H + R ,OH == -C-NCH,OR , + H,0 A2)

(i) The second mechanism can be elucidated by the
presence of lone pair of electrons on the nitrogen atom
of hexamine which can form hydrogen bond with the
cellulose and hence itreacts as a cross-linking agent with
the cellulose molecule.

Conclusions

Coating of the papers with gelatin-hexamine mixture
leads to improvement in properties, i.e., it reduces the
permeability and hence can be used to obtain water re-
sistance sheets which is desirable in some paper types
and can be used for wrapping machines, instruments,
etc. Generally the comparison between the two concen-
trations used, i.e., 0.5 per cent gelatin with 0.5 per cent
hexamine, and 0.5 per cent gelatin with 1.0 per cent hex-
amine indicates that increasing the percentage of the

hexamine improves the permeability. This shows that
the best condition is to use 1.0 per cent hexamine which
improves the properties of the paper.

On the other hand the addition of rosin size decreases
the mechanical properties, except the tear factor and this
can be attributed to the acidity of the paper arising from
the alum added with the sizer. Also the permeability is
improved by the addition of the rosin size.
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