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Abstract
The aim of this study to utilize the pruned branches of Citrus limon in pulping with alkaline pulping methods and to determine the suitability of guar gum to
improve the strength properties of pulps. The physical properties of these branches exhibited high medium density and very low percentages of bark to wood
ratio. The whole chemical components of these raw materials indicated the suitability to pulp with alkaline cooking methods. Alkaline sul�te anthrquinone
with methanol methods gave very good screened yield (60.1%), negligible rejects and bleachable Kappa number 19.5 and best strength properties especially
tensile and strengths. Alkaline sul�te with anthraquinone gave very good screened yield with small percentage of rejects and bleachable Kappa number. On
the other hand soda cooking produced pulps with acceptable yield (41.9%), rejects (3%) and suitable strengths. The soda anthraquinone pulping methods
produced pulp with good yields (56 -59.7%).It is obvious the effect of anthraquinone in preserving carbohydrates speci�cally hemicelluloses which increase
the yields and strengths. Guar gum improved the physical properties of pulps when added during beating with (0.25% on oven dry Soda-AQ pulps) It clear the
suitability of Citrus limon branches with age of two years in cooking with all alkaline pulping methods applied.

Introduction
Lemon names in different languages more or less similar with scienti�c name Citrus limon Burm family Rutaceae [1]. The origin of lemon is Central Asia,
Himalayan Mountains and northern Myanmar [2].The known countries for production of lemon around the world are, Argentina, Mexico, Italy, Brazil, Spain,
China, India, United States, Turkey and Iran[3]. Lemon has medicinal properties as reduction of Joints in�ammation [4] antioxidant and alcohol liver injury
treatment [5] contain essential oils [6] suppression of N-nitrosamine formation [7] source of vitamin C[8] and �avor for food [9].

The dead branches of lemon tree are removed periodically to improve the growth conditions and fruit quality this process called pruning [10–14]. The dead
branches usually become wastes especially in developing countries and mostly burned. The rational utilization of these dead branches will has added value
for planting of lemon trees. The pulping of the branches of lemon could be considered as smart option for maximum utilization of this tree. Soda pulping of
citrus branches gave high yield when anthraquinone applied during cooking [15]. The addition of guar gum during re�ning to improve the physical properties
of pulps could consider as attractive option. Guar gum produced from seed of Cyamopsis tetragonoloba a gel-forming galactomannan [16–18]. Guar gum
characterized with swelling property form good hydrogen bond within water and �bers [19].

The present work aimed to evaluate the characteristics of Citrus Limon dead branches in terms of physical properties, chemical composition, alkaline pulping
and papermaking characteristics with soda with and without anthraquinone, AS-AQ and ASAM cooking methods and study the applicability of guar gum to
improve the strength properties of pulps.

Materials And Methods
Nineteen dead branches were collected from two years old Citrus Limon trees after pruning, randomly selected according to TAPPI standards [20], the trees
were grown in farms northern Khartoum State. The branches were transported to National Centre for Research in Khartoum, cleaned, cross cut and sawn into
discs about 2.5 cm. The bark-to-wood ratio was determined as a proportion of the branches (including bark) both by volume and by mass. The basic density
was measured as the oven-dry mass/green volume of the test specimens according to British Standards [21] and (TAPPI-258 Om-02).

Chips for pulping trials were manually prepared left for drying according to TAPPI standard (T 257-cm- 02) Fig. 1. A composite sample of chips was ground in
a star mill, sieved with 40 by 60 mesh fractions and used for the chemical analysis. The chemical analysis was carried out in accordance with the standard
methods of TAPPI standards [20], preparation for chemical analysis (TAPPI-264-cm-97) sampling and testing for moisture (TAPPI-210cm-93) hot water
soluble (TAPPI-T- 207), solvent extraction of wood (TAPPI-204), Pentosans (TAPPI-223-cm-01) alpha cellulose (TAPPI-203 OS-61),and ash (TAPPI-212) lignin
(TAPPI-222), except for the cellulose which was measured according to the Kurshner and Hoffer method [22]. Pulping was carried out in a 7-litre capacity
rotating autoclave (Fig. 2) at a maximum temperature of 170 and 175 0C for 2 hours.

The Lemon chips (Table 1) were cooked at different chemical charges of soda and soda-AQ 12–15% (as NaOH), 17% for AS-AQ and ASAM with ratio Na2SO3

to NAOH ratio 70: 30. The anthraquinone (AQ) was added in 0.05%. The methanol was added during ASAM pulping according to [23]. A wood to liquor ratio of
1:4 was used [24 and 25].

Kappa number was done with TAPPI standards T236 om-99. After pulping, the cooked and screened material (Fig. 3) was cleaned with water to remove black
liquor, disintegrated at 1200 rpm for 30 min, at room temperature. The pulp was then re�ned with Valley beater according to TAPPI200-sp-01 freeness of pulp
(Canadian standard method TAPPI 227om-99), physical testing of pulp sheets (TAPPI-220-sp-01). Conditioning of testing atmosphere (TAPPI-402-sp-98),
Burst strength (TAPPI403om-97), Tensile (TAPP-404-cm-92), grammage (TAPPI-410-om-98), thickness (TAPPI-411-om-97) and ISO standards [26]. The guar
gum was added to pulp during beating of soda-AQ pulps with very small amount (0.25% on oven dry pulp).

Results And Discussion
Pruned branches of Citrus limon 2 years old had moderately high average basic density 572.1 kg m− 3 and green density 577.3 kg m− 3 ( Table 2) according to
Bin (1970) classi�cation[27],Citrus linon fall within the range for commercial pulp wood ( 350–650 Kg m-3) according to [28]. The yield of pulp per unit volume
is directly related to basic density as Citrus limon chips expected to occupy normal digester space for given pulp making capacity. The wood density is highly
related to cell wall thickness and corresponding to collapsibility and conformability of the �ber. Fibers of moderately density are less �exible, however the
wood of moderately high density is expected to give moderate to high yield with good quality paper. The average bark- to wood ratio by mass and volume
(Table 2) were low (6.7 and 5.2% respectively) for pulp woods. It is well known the presence of bark and dirt in�uences the quality of pulp, the presence of bark
in low ratios affects positively on economic value of the pulp production by decreasing the cost of transportation and debarking processes.
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Conclusion
On the basis of the physical and chemical properties, the pruned branches of Citrus limon could be considered as a medium high pulp woods. The cooking of
Citrus limon branches with alkaline processes indicated its suitability for production of pulp and paper. Soda and Soda –AQ methods can be cooked to
bleachable Kappa numbers for bleachable pulps. In ASAM pulping, the effect of anthraquinone and methanol was clearly remarkable, total yield, screened
yield bleachable Kappa numbers with both AS-AQ and speci�cally ASAM process with good to excellent pulp properties.

The rational utlization of citrus limon prouned branches as in production of pulp and paper instead of being waste could be economically and
envrionementally atteactive with need for fessebility studies for complement the techanical studies.

Abbreviations
TAPPI
Technical Association of the Pulp and Paper Industry.
ASAM
Alkaline sul�te anthraquinone with methanol pulping method
AS-AQ
Alkaline sul�te with anthraquinone pulping method
AQ
Anthraquinone
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The moderate ash content of Citrus limon (Table 3) may be attributed to the rapid growth, as the result for need of macronutrients in metabolic activities in
�rst years. Silica content was more or less negligible. Solubility of hot water, alcohol and alcohol: cyclo hexane(1:2) were low indicting low extractives in Citrus
limon wood with high solubility of 1% NaoH indicated normal cooking without pretreatments and normal chemicals amounts to be used with high screened
yields to be expected. However the normal Kurschner- Hoffer cellulose and high pentosans indicated good yield could be expected. On the other hand the
moderate lignin content and high 1% NaOH (18.9%) as shown in Table 3, which favorable for moderate active alkali charge. The high amount pentosans
indicted easy beating and �ber-�ber bonding, however the low total extractives indicted that there will be no pitch problems and easy cooking.

Pulping of pruned branches of citrus limon was carried under four chemical processes namely Soda, soda-AQ, alkaline sulphite anthraquinone (AS-AQ) and
alkaline sulphite anthraquinone with methanol ASAM. Optimization of deligni�cation and results of yields were given in Table 4.

The active alkali charges for the four processes were in range (12–17%) with more or less similar cooking conditions. The slight differences in time to reach
the needed for maximum temperatures applied to AS-AQ and ASAM methods which were increased with 10 min. It seemed the addition of anthraquinone to
Soda, AS-AQ and ASAM trials and lately methanol to ASAM cooking accelerated the deligni�cation and preserved the carbohydrates ([29–34]. The
contribution of AQ was supported further by addition of methanol in ASAM pulping resulted in lowest Kappa number 19.5 compared to other three methods
(Table 4). The pulping results for branches of Citrus limon (Table 4) show that, this raw material is easy to delignify. With all processes applied, bleachable
kappa numbers (19.5–26.3) could be reached at good to excellent screened yields (41.9–60.1%). ASAM pulping resulted in highest screened yield (60.1%)
with negligible amount of rejects (0.2%) at bleachable pulp had low kappa number 19.5.

Comparison of strength properties of different Citrus limon unbleached pulps (Table 4), indicated in general the high tensile strength of the ASAM pulps. The
high tensile strength, which mainly based on the good bonding ability of the �bers, results from the high carbohydrate content of ASAM pulps due to the high
stability of xylan and cellulose in the outer cell wall layers. However, The Soda Citrus limon pulp had lower tensile strength compared to ASAM and AS-AQ
pulps which can be explained by the lower pentosan preservation during cooking. The overall evaluation of pulp properties showed the superiority of ASAM
pulps in all strength properties and �uctuations in grammage and thickness, however the Soda process showed inferior results in strength properties. When
gaur gum was added to Soda-AQ( CL3) dramatically increase the physical properties especially tensile and burst strengths compared with Soda-AQ (CL2)
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Figures

Figure 1

The chips of Citrus Limon after drying
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Figure 2

The digester used during pulping of Citrus Limon with Soda, soda-AQ, AS-AQ and ASAM methods

Figure 3

Screened pulps of Citrus limon cooked with soda cooking.
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