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Abstract: The study covers the coloration of cellulose fibres with some direct and reactive dyes. The prepared
paper samples were of yellow, red, blue, violet and orange colors in different shades. Chitosan was used to
improve the fastness properties and the color strength for the dyes under investigation, the antibacterial
activities of wood pulp treated with chitosan have been investigated, the colorations was evaluated by CIE
Lab coordinates. The obtained results indicated that the mechanical properties of paper sheets  can be enhanced
after treatment with chitosan and by increment of dye concentration.
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INTRODUCTION 

The coloring of paper can be achieved by pulp
dyeing, dip dyeing, or surface dyeing. A large number of
physical and chemical forces are involved in each of these
dyeing processes [1].
The most important processes are:

1. Penetration of dye molecules into the capillaries and
cavities of the pulp fibers.

2. Adsorption of dye molecules onto the iner and outer
fiber surface.

3. Formation of a sparingly soluble complex in the
presence of salts or fixing agents.

There are two materials  that modern-day paper
makers use to color their paper. Dyes are added to raw
pulp before beating and therefore become a part of the
paper structure, actually coloring the fibers, because they
are soluble in water and penetrate the fiber structure.
Pigments yield a more permanent and even type of
coloring for paper. Because pigments are insoluble finely
ground particles, adding pigments alone to paper will not
color the paper. Some sort of binder or retention agent
must first be added to the pulp before the pigment which
will bind the pigment to the beaten fibers in the pulp.

The production of colored paper favors the utilization
of cellulose of lower whiteness, high yield pulp, waste
paper, etc[2,3]. As paper production increase, so the market
for specially dyes was realized, and in 1981 worldwide
consumption of dyes in paper was estimated by Martin [4]

at 3700 tonnes (in powder form). Direct dyes now acount
for about 60% of the paper market[5]. These dyes exhibit
both good substantively and affinity[6] and als o a great
reduction in the amount of dye present in the back
water[4,7].

Chitin, poly-(1,4)-2-acetemido-2-deoxy-ß-D-glucose,
is the second most abundant natural polymer. Its chemical
structure is  similar to that of cellulose, differing only in
the second carbon position where the hydroxyl groups are
replaced by an amino acetyl group. Chitosan is the
deaceylated form of chitin, i.e. poly-(1,4)-2-amido-2-
deoxy-ß-D-glucose. Chitin and chitosan are widely
distributed in animals  and fungi and are the basic
polysaccharides that are the major component of the
shells of crustocean such as crab, shrimp and crayfish(8).
The structure of chitosan means it can form water soluble
salts  with a large number of organic acids (i.e. acetic,
formic and citric acids). The enhancement in color
strength in the case of finished pulp containing chitosan
may be associated with the introduction of primary amino
groups into the cellulosic pulp structure. Most probably
after these groups are deposited in the crevices between
the fibres they may:

C Impart a cationic surface which attracts oppositely
charge dye anions:

C Act as built-in catalyst for the reactive dyes in
question with the hydroxyl groups of cellulose and
chitosan[9].

In this study chitosan is used for treating wood pulp
before dyeing with direct and reactive dyes, The effect of
chitosan pretreatment on cellulose pulp with regard to
antimicrobial effect, colour. difference, the colour
strength and the mechanical properties of dyed paper have
been investigated. 

Materials and Methods

Materials: Bleached wood pulp delivered from Rakta Co.
for pulp and paper, Alexandria, Egypt, was analyzed for
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a-cellulose, hemicellose, and ash content according to the
Germany Standards Merkbldt (III). Bleached wood pulp
was beaten in the Valley beater to reach 32SoR.

Direct and reactive dyes of commercial sources were
used. 

The chitosan used in this  study was not a commercial
product but a prototype which is still in the development
stage which had the following properties: ash content
0.65%, viscosity, 460 cps (1% product dissolved in 1%
acetic acid, 20oC), degree of deacetylation, 86%, heavy
metals; pb (< 0.5 ppm), Cr (10ppm), Cd(<0.1 ppm), Hg
(0.05 ppm).

The following chemicals  were used in this  study
without further purficiation, potassium phosphate,
monobasic (Merck), Agar, dextrose, MgCl2, sodium
acetate and acetic acid.

Bacteria with the following code specifications were
used: Escherichia coli, ATCC 11230, a gram-negative
bacterium, staphylococcus oureus, ATCC 6358, gram-
positive bacterium and pseudomonas aeruginosa.

Methods:
Treatment of pulp samples:
Chitosan treatment: Chitosan does not dissolve in water
even when soaked in water for 24 h. However it deionises
immediately in 1% acetic acid solution[10]. Cellulose pulp
samples were treated with a solutin of acetic acid and
sod ium acetate (1%), at pH 5.0-5.5 for 2 min and then
dried at 80°C for 10min.

Antimicrobial activity: Antimicrobial activity  o f
chitosan-treated wood pulp was tested according to
diffusion agar test[11] as follow:

Nutrient agar medium (g/L: peptone 5.09 beef extract
1.5; yeast extract 1.5; NaCl 5.0, agar 20.0; pH 7.5) was
prepared and autoclaved at 121oC for 20 min. sterilized
Petri plates were prepared with an equal thickness of
nutrient agar. Test organisms i.e. Escherichia coli,
Bacillus subitilus Pseudomons aeruginosa and
Staphylococcus aureus were grown over night at 32oC,
120 rpm in 10 ml nutrient broth, this  broth was used for
seeding the nutrient agar plates. A small disces of
chitosan-treated and untreated wood pulp were placed at
four corners of the prepared previous plates. After 72 h of
incubation at 32oC, the zones of inhibition of each tested
microbe were measured.

Preparation of Hand-made paper sheets: Paper sheets
were prepared according to TAPPI standard methods
using the sheet former of AB  Lorentzen and Wetter
(Stockholm, Sweden). A sheet of 165 mm in diam and
214 cm2 surface area was formed using 1.43 g oven-dry
pulp. The sheets were conditioned between 18 and 20oC
and at relative humidity of 65 percent. The mechanical
properties (breaking length and tear resistance, gm) were
determined.

Color measurement: A Hunter lab color Quest II
spectrophotometer was used to measure the reflectance of
the samples and hence the color strength over the wave
length range 390-700 nm. The relative color strength
values were then established according to the following
kubelka-Munk equation[12].

k/S = [(1-R)2/2R]

Where k and S are the absorption and scattering
coefficients, respectively. The color difference ? E
between wood pulp (untreated and chitosan-treated) was
also assessed. The dye abilities of the wood pulp
pretreated with chitosan (0.5%) were evaluated using
direct and reactive dyestuffs (1% shade) for exhaustion.
The liquor to pulp ratio was 50: 1.

Fastness testing: The dyed samples were tested
according to ISO standard methods. The specific tests
were: ISO 105 x 12 (1987), color fastness to washing;
ISO 105 EO4 (1989), and ISO 105-BO2 (1988), color
fastness to light (carbon arc).

Color measurements, for quantitative and qualitative
characterization of the color in the color range according
to CIEL lab space, is determined by the axes of plane.
These axes are  a*, b*, L*. Hunter lab.

RESULTS AND DISCUSSIONS

In this  study wood pulp was used as a substrate.
Chemical analysis of this pulp show that, it contains
87.6% a-cellulose, 8.21% hemicellulose, 0.6% lignin and
1.11% ash content. Wood pulp has an acidic pH reading
6.1-6.3. This  high acidity of wood pulp can lead to
brittleness and discoloration (yellowing) of the paper[13].
Some chemical wood pulp is sized with alkaline
chemicals to help in solving this  problem. Coloration of
wood pulp before or after beating also reduce this  acidity.
Table 1 show that white paper (undyed) made from wood
pulp was not as stiff as the colored paper. Dye should not
contribute to the deterioration of fiber, it should only color
it. It might actually help to filter light from the
environment, protecting the paper. Also, Table 1 indicate
that colored paper obtained from dyeing wood pulp with
direct  dyes  or  reactive  dyes have higher Breaking
length  than undyed paper. This may be attributed to the
hydration that wet beaten fibers have undergone, they will
be able to trap and retain more dye particles between
fibers. Also increasing breaking length, of colored paper
indicate the formation of hydrogen bond between direct
dye used and cellulose molecules of paper. Tear
resistance, gm decreased because it associate with the
increase of the amorphous region of cellulose due to
dyeing conditions Results in Table 2 show that
employment of chitosan enhance the formation of more
hydrogen bonds. Regarding the effect of dye
concentration on mechanical properties of 
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Table 1: Mechanical properties of paper colored with direct and reactive dyes.
Mechanical Properties Blank Red Blue Orange Violet Reactive Yellow
Breaking length (m) 2500 2620 2590 2700 2550 2600
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tear, gm 145 97 97 91 110 105

Table 2: Mechanical properties of paper colored with direct and reactive dyes treated with chitosan .
Mechanical Properties Red Blue Orange Violet Reactive Yellow
Breaking length (m) 2730 2680 2910 2600 2750
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tear, gm 92 95 93 99 120

(a)

(b)

Fig. 1(a,b): Effect of dye concentration on mechanical properties of treated paper sheets dyed with red dye

paper. These properties increase due to the reacted dye
reacted directly with cellulose and protecting it Fig. 1 a,b.

Color analysis for the effect of chitosan on the color of
paper sheets:

1. Effect of chitosan on K/S: It is  clear from the results
in table (3) that K/S values are higher for the treated
samples compared to the untreated.

2. Effect chitosan on L*: It is  also known from table (4)
that L* decreases as the dye shade increases and K/S
increases, it is  also decreases after treatment with chitosan
as shown in table 6.

3. Effect of chitosan on a* and b*: For a*, using
chitosan caused a movement of the sample color from
green towards red color. For b*, the same thing took place
i.e. its movement towards yellow color increased with
chitosan.

4. Antimicrobial activity: Chitosan is known to be
antimicrobial polysaccharide[14]. The ability of chitosan to

Table 3: Effect of chitosan on the color strength (K/S) of the dyed
wood pulp with 1% shade and L.R. 1:40, for the dyes under
investigation.

Dye K/S
----------------------------------------------------------
Before treating After treating

Sirius Rubin K2BL 2.4 3.0
Sirius blue-KGRLN 2.5 3.5
Direct orange 2.3 2.67
direct violet 31 2.6 2.94
reactive yellow 145 2.41 3.63

Table 4: Effect of dye concentration on L*, a*, b* and color strength
for the dyes under investigat

Shade % L* a* b* K/S
1 57.43 -16.57 -89.96 2.39
1.5 56.5 -17.72 -90.32 2.67
2 55.7 -18.50 -90.76 2.91
2.5 54.3 -19.12 -91.12 3.43
3 53.5 -19.23 -91.25 3.24

varied   from   0.5-1.5%,   pulp  treated  with  chitosan
were   tested   according  to  the  diffusion  agar  test,
under  which  conditions  the surface non-bonded
materials  are free to diffuse into their environment and
create an inhibition zone. The results are presented in
table 5.
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Table 5: Diameter of inhibition zone inhibiton (mm) in the diffusion agar test for the chitosan treated and untreated wood pulp against selected
microbes.

Chitosen conc. (%) Tested microbes
-----------------------------------------------------------------------------------------------------------------------------------------------
E. coli B. subitilus. Ps. aeruginosa Sta. aureus.
---------------------------------------------------------------------------------------------------------------------------------------------
Chitosan-treated pulp*

0.5 7 20 9 8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1.0 14 22 13 9
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1.5 14 27 18 15
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.0 (Check control) 5 8 4 0

Table 6: Color strength (K/S) and color difference (DE) values of unreated and chitosan-treated colored paper.
Dye K/S L, a, b ? E

---------------------------- --------------------------------------------------------------------- ----------------------------
Treated Untreated Untreated Treated Untreated Treated

Sirius Rubin K-2BL 3.0 2.4 70.5 -3.2 -17.9 55.35 -0.89 -4.5 55.54 72.81
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sirius BIRLN 3.5 2.5 70.4 -3.5 -18.1 55.2 -0.75 -4.4 54.9 72.5
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Direct orange 2.67 2.3 72.49 -2.76 -17.5 57.43 -0.95 -4.07 44.62 57.58
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Direct violet 31 2.94 2.6 45.29 -15.55 -98.85 39.2 -16.57 -89.96 99.52 109.89
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Reactive yellow 145 3.13 2.41 72.2 -2.5 -16.9 56.89 -16.52 -91.11 44.5 56.98

Table 7: Wash and light fastness of Dyed samples
Dye Light fastness Wash fastness

-------------------------------------------------- ---------------------------------------------------------------
Before treating After treating Before treating After treating

--------------------------- ---------------------------
St. cc. St. cc.

Sirius Rubin K-2BL 4 7 4 4 5 5
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sirius Blue K-GRLN 6-7 7-8 4-5 4 5 5
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Direct orange 6 7 4 4-5 5 5
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Direct violet 31 6 7 4 4 4-5 4-5
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Reactive yellow 145 7 7-8 4 4 5 5
St: Staining 
CC: Change in colour

immobilize microorganisms  derives from its polycationic
character. Its protonised amino groups block the protein
sequences  of microorganisms. Chitosan binds to the
negatively charged bacterial surface disrupting the cell
membrane and altering its permeability. This allows
materials to leak out of the bacterial cells resulting in cell
death.

It is  clear from the results that there are no significant
either of differences between the pulp treated with the
same concentration of chitosan for either of the bacteria
types. As might be expected, the samples treated with a
lower concentration of chitosan exhibited a smaller
inhibition zone.

Data in table (5) clearly show that increase in
chitosan concentration leads to increased inhibition zone
of all tested microorganismes. High inhibition zone was
recorded with chitosan-treated pulp compared to untreated
pulp. It may be concluded that chitosan has highly
affective antimicrobial against all tested microorganisms.
B. subitilus, Pseudomons aeruginosa  and E. coli were

highly affected by chitosan treatments as the inhibition
zone diameter were 7.19 mm and 20-27 mm of each
microbe respectively. Meanwhile Staphyl cureus show a
moderate effect.
 
5. Color differences between treated and untreated
wood  pulp:  Chitosan  treatment  of  cellulose  pulp has
been  shown  to eliminate color differences between
treated  and  untreated  pulp [14]. In this study, both
untreated  and  chitosan  treated  were  dyed  to
investigate  the  color  differences and the results are
shown in table 6.

It is  clear from the results that the chitosan treated
samples which were dyed with the investigated dyes
demonstrated significant improvement in K/S values
(table 6,7). There is also a decrease in the color difference
between paper produced from treated and untreated pulp.
This  brings the wood pulp which are produced from
treated wood pulp to an acceptable level for paper
making(15). Thus pretreatment with chitosan was found to
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be very effective in decreasing color differences between
dyed treated and untreated cellulose pulp.

Conclusion: In this study cellulose pulp pretreated with
chitosan before dyeing have been used and the results
showed that a sufficiently high level of antimicrobial
effect could be obtained for pulp treated with chitosan.
The chitosan treatment makes it possible to reduce the
colour difference values between paper manufactured
from treated and untreated  wood pulp and to increase the
colour strength for the dyed pulp. Colored paper produced
from treated pulp gave higher values of mechanical
properties than undyed and untreated pulp.
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