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ABSTRACT

This study divided into three experiments, the first experiment examined the pulp and paper related
characteristics [wood density, fiber morphological indices (fiber length, Runkel ratio, flexibility coefficient
Muhlsteph ratio, and Luce’s shape factor)] and the chemical composition of stemwood and branchwood for
two species (Eucalyptus camaldulensis and Pinus halepensis). The second experiment, evaluated the pulp
characteristics (pulp yield, kappa number, cellulose, hemicellulose, lignin, and ash) and paper properties
(beating time, density, bulk density, burst index, tensile index, tear index and opacity at 50" S.R freeness)
produced from stemwood and branchwood of the two-studied species and their mixtures. The third experiment,
investigated the influence of four different pulping treatments [kraft as a control (K), surfactant (1 % of PEG-
1500) as a pulp additive (KS), pre-hydrolysis with hot water (Pre-K), and pre-hydrolysis with surfactant (Pre-
KS)] in a kraft method on the unbleached pulp and paper properties of two selected mixtures Pg,-Es; (75:25%)
and Pgr-Es (25:75%). All the raw materials tested in this study were locally grown in the Egyptian- Chinese
friendship forest in El- Sadat City, Egypt.

The results of this study can be summarized as follows:

1. Evaluation of the wood density, fiber morphological features, and the chemical composition of the
stemwood and branchwood for the two-studied species

1- Based on the results of the chemical composition and fiber biometric characteristics, all the studied raw
materials-and even the branches—are suitable for pulp and paper production with various characteristics.
Based on the present findings, it can be suggested that mixing P. halepensis branchwood with E.
Camaldulensis stemwood or branchwood could lead to improving the paper quality.

2- Among the tested raw materials, the highest values of cellulose, C/L ratio, Runkel ratio, Rigidity
coefficient, Muhlsteph ratio, and Luce’s shape factor were observed in E. camaldulensis stemwood,
whereas, the highest values of basic density, extractives, and ash content were found in the E.
camaldulensis branchwood. On the other hand, the highest values of hemicellulose content, slenderness
ratio, and fiber length were noticed in P. halepensis stemwood, while the P. halepensis branchwood had the
highest values in lignin content and flexibility coefficient.

3- The results showed that there were significant positive correlations between the wood density and the fiber
length in branchwood of both species, while there were independent associations between both variables in
the stemwood of both species. High negative correlations were found between the basic density and the
fiber lumen diameter in both stemwood and branchwood of the two studied species. The correlation
coefficient ranged from 0.67 for E. camaldulensis branchwood to 0.9 for P. halepensis branchwood.
Moreover, strong positive relationships were observed between the basic density and the cell wall thickness
in branch and stemwood of both species with correlation coefficients ranged from 0.77 for P. halepensis
branchwood to 0.86 for E. camaldulensis stemwood.

4- Two-way analysis of variance revealed that the wood species, tree parts (branch and stemwood), and the
interaction between them affected significantly on the determined chemical constituents and the fiber
morphological indices at 0.05 significance level.

2. The pulp and paper properties of stemwood and branchwood and their mixtures of the two-studied
species

2.1. Raw materials and their combinations used for pulp and paper production
Ten raw materials of the stemwood and branchwood of the two-studied species and their mixtures were

prepared and mixed before cooking as follows:

Est (100%) 100% E. camaldulensis stemwood

Egr (100%) 100% E. camaldulensis branchwood
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Pst (100%) 100% P. halepensis stemwood

Pgr (100%) 100% P. halepensis branchwood

Esi-Pst (50:50%) 50% E. camaldulensis stemwood : 50% P. halepensis stemwood
Egr-Per (50:50%) 50% E. camaldulensis branchwood: 50% P. halepensis branchwood
Egr-Pst (25:75%) 25 % E. camaldulensis branchwood : 75% P. halepensis stemwood
Pgr-Est (25:75%) 25 % P. halepensis branchwood : 75% E. camaldulensis stemwood
Egr-Pst (75:25%) 75% E. camaldulensis branchwood : 25 % P. halepensis stemwood
Per-Est (75:25%) 75% P. halepensis branchwood : 25 % E. camaldulensis stemwood

2.2. The cooking conditions
A fixed cooking conditions using the kraft method was used for the two studied species were used for the
stemwood and branchwood and their mixtures of the two-studied tree species as follows:

Liquor/wood ratio 5:1
Maximum temperature 170°C
Time to the maximum temperature 50 min
Time at maximum temperature, min 120 min
Active alkali as Na,O 16%
Sulfidity 30%
Surfactant (PEG-1500) 1%

2.3. The pulp properties of stemwood and branchwood of the two-studied species and their mixtures
2.3.1. The pulp yield

From the obtained result, the pulp produced from the 100% E. camaldulensis branchwood (Egr 100%) had
the highest pulp yield (53.08%) and the lowest value (45.72%) was recorded for the raw material that
contained 100% P. halepensis stemwood (Ps:100%). These results are attributed to the density where the E.
camaldulensis branchwood had highest density compared with all the other studied raw materials. The data
also showed that the pulp yield of the mixture that contained a high percentage of E. camaldulensis
branchwood (Egr-Pst 75:25%) produced high pulp yield (51.24%) when compared with the pulp yield of the
other mixtures. This is because of the higher density values of E. camaldulensis branchwood than those of P.
halepensis.

2.3.2. The kappa number

The lowest value of kappa number was recorded for the pulps produced from E. camaldulensis stemwood
(Est 100%), which had the lowest lignin content as raw material compared with the other studied raw materials.
On the other hand the pulp produced from branchwood of P. halepensis had the height value (33.37%), which
attributed to the highest lignin content of the branchwood of P. halepensis among all studied raw materials.
Generally, all the mixtures that had a high percent of stemwood or branchwood of P. halepensis had higher
values compared with the combinations that contained E. camaldulensis. This is also related to the high lignin
content of P. halepensis than E. camaldulensis.

2.3.3. The chemical composition of the pulp

The obtained results of cellulose content showed that the pulp produced from E. camaldulensis stemwood (
Est 100%) had the highest value (84.85%) while the lowest value (81.77%) was recorded for the P. halepensis
branchwood (Psr 100%). These results are attributed to the chemical composition of the raw materials. On the
other hand the pulp produced from the P. halepensis stemwood (Ps: 100%) had the highest value (12.67%) of
hemicellulose content while, the lowest value (8.72%) was recorded for the E. camaldulensis branchwood (Egr
100%), which indicate that to increase the hemicellulose content in pulp to produce high strengthen paper
should mix the stemwood or branchwood of P. halepensis with other studied raw materials.

The results of lignin content in the pulps showed that lowest value was reported for P. halepensis
stemwood (Ps: 100%) and the highest value was recorded for E. camaldulensis branchwood (Eg; 100%). These
results related to the original chemical composition and density of the tested raw materials.

The highest ash value (1.51%) was recorded in the pulps produced from the mixture of branchwood of E.
camaldulensis and P. halepensis Egr-Pgr (50:50%), while the lowest value of ash (0.63%) was reported for E.
camaldulensis stemwood (Es; 100%). Generally, the mixtures that contained branchwood had higher ash
content than the mixtures contained stemwood for both genera.

2.4. Paper properties from the stem and branchwood and their combinations of the two studied species
2.4.1. The physical properties of the kraft handsheets

The results showed that the beating time for branchwood of E. camaldulensis Eg; (100%) had the highest
value (62 min) to reach 50° S.R freeness. This high value is related to the higher wood density of E.
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camaldulensis branchwood and the shortest fiber length among all studied raw materials that cause a higher
resistance during the beating. On the other hand, the mixture of Pg-Est (75:25%) had the lowest beating time
value (43 min). This is attributed to the long fibers of P. halepensis which is more desirable in the paper
industry, lower Runkel ratio and low muhlsteph ratio, which have lower resistance during the beating process
compared with thick fibers.

From the obtained results the density values of the produced paper ranged between 0.527-0.606 g/cm?® and
the bulk density values ranged between 1.65-1.93 cm®g. The analysis of variance revealed that were
insignificant differences in the density and bulk density at 0.05 significance level among the different
combinations.

From the obtained results it can be concluded that the branchwood of E. camaldulensis Eg; (100%) gave the
lowest values of burst index (3.40 Kpa.m?/g), tensile index (46.75 Nm/g), and tear index (4.11 mN.m?/g)
compared with all the other raw materials. Therefore, the branchwood of E. camaldulensis Eg (100%) was less
effective as a raw material for pulp and paper manufacturing. On the other hand, the physical properties of the
branchwood of E. camaldulensis have been improved when mixed with stem or branchwood for P. halepensis.

It was clear that the paper produced from the stemwood of P. halepensis Ps: (100%) gave the highest values
of burst index (7.55 Kpa.m?/g), tensile index (99.15 Nm/g), and tear index (8.93 mN.m?/g).

2.4.2. The optical properties of handsheets

The opacity results showed that the values ranged between 94.74- 98.62%. The opacity values for all
studied combinations were equal to or higher than 95%. The higher values indicated that the produced paper is
suitable for printing purposes but the unbleached paper is less used for printing purposes, because of the
brightness problem.

3. The effect of four different pulping treatments [(K), (KS), (Pre-K) and (Pre-KS) in a kraft method on
the unbleached pulp and paper properties

Two mixtures Pgr-Es: (75:25%) and Per-Es: (25:75%) were selected to investigate the effect of four different
pulping treatments [(K), (KS), (Pre-K) and (Pre-KS)] on unbleached kraft pulp and paper characteristics

3.1. The pulp characteristics

The results showed that the addition of surfactant gave the highest pulp yield and lowered the kappa
number for both studied raw materials. The positive effects of surfactants on pulping are attributed to the
higher penetration of cooking liquor in the wood chips, extraction of wood extractives. Using the surfactant
with pre-hydrolyzed chips (Pre-KS) improved the pulp yield compared with the control kraft (K) and Pre-K.

The results showed that the highest values of the cellulose content were recorded for the (Pre-KS) and the
lowest values were recorded for the traditional Kraft method (K) for both raw materials. On the other hand, the
highest value of the hemicellulose content was recorded for kraft (K) and the lowest value was recorded for the
(Pre-KS) treatment for both raw materials. It can be noted that the hemicellulose values for the (Pre-K)
treatment were lower than (K) or (KS) treatments for both raw materials, which are attributed to the effect of
pre-hydrolysis with hot water in reducing the hemicellulose content and this may lead to reduce the paper
strength as the hemicellulose removal weakening the fiber- to- fiber bonds. The results showed that Pre-KS
treatment in the two raw materials had the lowest lignin content, which reflects on the bleachability of the
produced pulp.

3.2. The physical and optical properties of the produced paper

The results confirmed that addition 1% PEG-1500 surfactant increased burst index and tear strength, while
it reduced the tensile strength for both raw materials. On the other hand, the pre-hydrolysis with hot water
treatment (Pre-K) reduced the paper strength properties as a reflection of removing the hemicellulose. It worth
noticing that mixing the surfactant with pre-hydrolyzed chips improved the paper properties compared with
Pre-K treatment on both raw materials. The results showed that highest values of opacity were in Pre-KS
followed by Pre-K for both raw materials that attributed to the lower hemicellulose content in the Pre-KS and
Pre-K due to the pre-hydrolysis effect that extract part of the hemicellulose that weakens the bonding between
fibers which is reflected on increasing the opacity and reducing the strength properties of produced paper.
Recommendations
e This study recommends the necessity of using the pruning residues of P. halepensis that produced annually

as an acceptable, effective, and sustainable raw material source for the pulp and paper industry.

Furthermore, mixing the P. halepensis branchwood as a long fiber source with short fibers (e.g. E.

camaldulensis) may solve the shortage of the available raw materials problem of for pulp and paper

industry.

e This study recommends using 1% PEG-1500 surfactant to improve the unbleached kraft pulp and paper
properties specially those produced from the branchwood.

e The addition of surfactant for the pre-hydrolyzed chips (Pre-KS) is an effective treatment to give high
cellulose content pulps, when this pulp is bleached it may be used in the dissolving pulp production.
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e For the purposes that require a high hemicellulose content such as banknote paper, it is recommended to use
the conventional kraft process.

e There is an urgent need to expand the cultivation of man-made forest plantations in Egypt with the
wastewater irrigation system to safely disposal the huge quantities of wastewater and direct the produced
wood (stemwood or branchwood) for pulp and paper industry.
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