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Abstract: Albizia lebbeck stems, woody fibers resources from Khartoum state were cooked with alkaline sulphite-anthraquinone-AS-AQ and alkaline sulphite anthraquinone with addition of methanol-ASAM -an environment friendly process having high yield and strength properties. The present study aimed to investigate the suitability of A. lebbeck for pulping with AS-AQ and ASAM processes.  AS-AQ applied with alkali charge 18.6-20% and two NaOH: Na2SO3 ratios mainly 60:40 and 70:30, it was indicted that the latter ratio had better results. The screened yields were 46.73-48.53%, viscosities 811-922 mlg-1, Kappa numbers 17.92-20.96 and ISO brightness 25-30%. ASAM process gave good to excellent physical properties, screened yields 46.65-47.53%, low Kappa numbers 13.27-20.53, viscosities 946-991 mlg-1 and ISO brightness 30.7-34.8%.
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Introduction

Sudan is rich country with pulp and papermaking raw materials that include non-woody plants, agricultural residue, recycled papers, as well as hard wood species. Albizia lebbeck found in deciduous and semi-deciduous monsoon forests, and rainforests in its native habitat, and in a variety of situations in the humid and semi-arid tropics and subtropics, a multipurpose, fast growing tree species widely grown in the tropical region; it has been introduced to Sudan since sixties of last century and was basically used as an ornamental or shade tree [1 and 2]. A. lebbeck found in dense deciduous forests in tropical and sub-tropical countries of Asia, as Laos, Cambodia, Malaysia, Indonesia and Vietnam, Africa, and Australia [3]. A. lebbeck can attain a height of 30 m and a diameter of 1 m, more often it is 15-20 m tall with a diameter of 50 cm [4]. A. lebbeck can make an important contribution to plant and animal production from tropical pastures and could be of special value in areas with salinity problems [5 and 6]. A. lebbeck forms symbiotic relationship with Rhizobium and fix atmospheric nitrogen used for its growth and also for the enrichment of the rhizosphere [7]. 

The extract from A. lebbeck leaves shows sensitivity for both gram positive and gram negative bacteria with maximum against Escherichia coli [8]. The petroleum ether extracts of A. lebbeck leaves displayed the presence ten types of alkaloids with ten different Rf values with range from 0.02-0.85 [9]. Extract of A. lebbeck demonstrated that this plant has significant analgesic and anti-inflammatory properties [10]. The leaves are good fodder with much protein contents contains saponin, macrocyclic alkaloids, phenolic glycosides, and flavonids [11]. The extract of stem bark contain saponin and exhibited potent cytotoxic activity against human aqueous cell carcinoma [12], and effective drug in bronchial asthma [13]. 

Alkaline pulping processes were heavily investigated by researchers on different raw materials, SAS-AQ pulping process offers many advantages including high pulp yield, better mechanical strength properties comparable to Kraft pulp [14]. The ASAM process is environment friendly as no obnoxious smell is emitted after cooking [15]. In ASAM pulping the synergistic effect of AQ and methanol provided a far selective delignification [16]    

Refiner mechanical pulp from A. lebbeck was yielded 50-60% with strength properties better than or equivalent to these conventional chemical pulps which have a yield of 40-45% [17]. The physical and anatomical properties of Albizia lebbeck wood have shown that, it could be a good material for pulp production without serious problems for liquor penetration [18].

As continuation of previous study in pulping of Albizia lebbeck with soda and soda-anthraquinone processes [18], the objective of the current work was to investigate the suitability of pulping of Albizia lebbeck stems with alkaline sulphite with anthraquinone (AS-AQ) and alkaline sulphite –anthraquinone with addition of methanol (ASAM) process. 

Material and Methods

Five logs from five-year-old Albizia lebbeck trees, planted in Khartoum State were randomly selected, logged and collected according to TAPPI standards [18 and 19]. They were prepared and cross cut into logs then were transported to National Centre for Research, further were debarked and cut into discs of 2.5 cm thickness. The discs were chipped approximately to 2.5X2.5X0.25cm. The physical characteristics, fiber dimensions and chemical components were carried out and presented in previous study [18].

The chips were air dried under sun; the moisture content was determined 4-6%, kept in air tight polythene bags until used. The optimization of pulping conditions was done in small digester with 100 g oven dry weight [20 and 21]. The chemicals applied to alkaline sulphite with anthraquinone with and without addition of methanol were applied as (NaOH: Na2SO3) with two ratios (70:30 and 60:40) respectively [22-24]. The chemicals were added as Na2O in percentage on oven dry wood, range between 18.6-20% for AS-AQ pulping and 16.3-20% for ASAM process. The amount of methanol added for ASAM cookings was 15% by volume of the white liquor. Keeping the rest of the pulping parameters constant for both processes, the dose of AQ was 0.1% on oven dry wood, white liquor to wood ratio was (4:1),   maximum temperature 170 0C, time to reach maximum temperature 90 min, time at maximum temperature 120 min. Pulping experiments were carried out in 7l electrically heated rotating digester and automatic time- temperature and pressure control [25 and 26]. The pulps produced were refined in the PFI mill in order to modify the fibre properties. Before beating treatment the pulps equivalent to 30 g oven dry were completely soaked in water at consistency of 1.5% and disintegrated for 10000 revolutions. The disintegrated pulp slurries were thickened to 10% consistency for refining in the PFI mill [19 and 27]. Hand-sheets were prepared using a Rapid-Kothen sheet forming machine and tested in accordance with TAPPI standards.

Results and discussion 

Albizia lebbeck stems were cooked with alkaline sulphite with anthraquinone and ASAM processes. The amount of sodium sulphite charged had a considerable influence on the rate of cooking. The OH- differs greatly from SO32- and HSO32- both in its chemical nature and in its effects on the course of reaction with lignin and carbohydrates [28]. The applied ratios as NaOH: NaSO3 showed during cooking with ratio 70:30 the slight increase screened yield compared to 60:40 ratio at same amount alkali charge (18.6%), associated with decrease in rejects and hence the total yield (table 1). 
      Table 1:Pulping conditions and unbleached pulp evaluation for AS-AQ process from Central Sudan
	Pulping conditions
	AS-AQ1
	AS-AQ2
	AS-AQ3
	AS-AQ4
	

	Active alkali as Na2O on oven-dry base wood, (%)
	18.6
	18.6
	19.4
	20
	

	NaOH: Na2SO3 ratio
	60:40
	70:30
	60:40
	70:30
	

	White liquor to wood ratio 
	4:1
	4:1
	4:1
	4:1
	

	AQ on oven dry-wood base, (%)
	0:1
	0:1
	0:1
	0:1
	

	Time to reach maximum temperature, (min)
	90
	90
	90
	90
	

	Pulping maximum temperature, (C0)
	170
	170
	170
	170
	

	Time at maximum temperature, (min)
	120
	120
	120
	120
	

	Total yield on oven- dry wood base, (%)
	50.02
	48.84
	49.53
	47.23
	

	Screened yield on oven- dry wood base, (%)
	46.73
	47.44
	48.53
	46.47
	

	Rejects, (%)
	3.29
	1.40
	1.00
	0.76
	

	Kappa number 
	20.96
	19.73
	19.59
	17.92
	

	Viscosity, mlg-1
	811
	899
	903
	922
	

	ISO brightness, %
	27
	25
	29
	30
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Figure1. Black liquor analysis of alkaline sulphite (AS-AQ) pulping.
The increase of sodium hydroxide ratio from 60:40 to 70:30 accelerated delignification, but beyond that the delignification rate becomes slow. This supported further by an increase viscosity (899 mlg-1) compared to (811 mlg-1) and slight decrease in kappa number, although there is slight decrease in ISO brightness. When comparing the physical properties of pulps for both ratios (60:40 and 70:30), and constant alkali charge (Figures 3-6), it was clear the suppository of the latter ratio.
       When the alkali charge increased to 19.4% during the pulping with AS-AQ with constant ratio (60:40), the screened yield increased (48.53%), as well as viscosity (903 mlg-1) and ISO brightness (29) associated with decrease in kappa number (19.59) and rejects (1%). However the physical properties of pulps indicated that an increase in alkali charge to ( 19.4%) improved in all aspects (Figures 3-6) when compared to alkali charge (18.6%) with the same ratio of (NaOH: Na2SO3). This demonstrated that the 
delignification rate was improved when alkali charge was increased. 
The application of higher alkali charge (20%) to AS-AQ cooking using ratio (70:30), gave highest viscosity (922 mlg-1 and brightness 30) compared to other cooking with low bleachable kappa number (17.92). Although the slight decrease in screened yield and total yield with negligible amount of rejects the overall physical properties were the best compared to rest of AS-AQ cookings. It is attractive to produce pulp from Albizia lebbeck stems with AS-AQ process with alkali charge (20%) with ratio (70:30). Figure 1 demonstrated the black liquor analysis of alkaline sulphite with anthraquinone, thus the pH, total solids and residual active alkalis were increased with increasing in alkali charges applied, and higher (NaOH: Na2SO3, 70:30) positively correlated with chemical recovery
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Figure2.  Black liquor analysis of ASAM pulping.
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Figure 3. Apparent density vs. PFI revolution of unbleached AS-AQ pulps.
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Figure 4. Tensile index vs. PFI revolution of unbleached AS-AQ pulps.
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Figure 5.  Tear index vs. PFI revolution of unbleached AS-AQ pulps
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Figure 6. Burst index vs. PFI revolution of unbleached AS-AQ pulps.
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Figure 7.  Apparent density vs. PFI revolution of unbleached ASAM pulps.
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Figure 8. .  Tensile index vs. PFI revolution of unbleached ASAM pulps.
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Figure 9. .  Tear index vs. PFI revolution of unbleached ASAM pulps.
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Figure 10. .  Burst index vs. PFI revolution of unbleached ASAM pulps.

Table 2:Pulping conditions and unbleached pulp evaluation for ASAM process from Central Sudan
	
	Pulping conditions
	ASAM1
	ASAM2
	ASAM3
	ASAM4
	

	
	Active alkali as Na2O on oven-dry base wood, (%)
	16.3
	18.6
	19.4
	20
	

	
	NaOH: Na2SO3 ratio
	70:30
	70:30
	70:30
	70:30
	

	
	Methanol, volume/volume white liquor, (%)
	15
	15
	15
	15
	

	
	White liquor to wood ratio
	4:1
	4:1
	4:1
	4:1
	

	
	AQ on oven dry-wood base, (%)
	0.1
	0.1
	0.1
	0.1
	

	
	Time to reach maximum temperature, (min)
	90
	90
	90
	90
	

	
	Pulping maximum temperature, (C0)
	170
	170
	170
	170
	

	
	Time at maximum temperature, (min)
	120
	120
	120
	120
	

	
	Total yield on oven- dry wood base, (%)
	50.20
	49.84
	48.56
	47.77
	

	
	Screened yield on oven- dry wood base, (%)
	46.65
	47.44
	47.53
	47.22
	

	
	Rejects, (%)
	3.55
	2.40
	1.03
	0.55
	

	
	Kappa number
	20.53
	17.23
	15.44
	13.27
	

	
	Viscosity, mlg-1
	991
	970
	983
	946
	

	
	ISO brightness, %
	30.7
	32.2
	34.6
	34.8
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Figure 11. Fold Kohler (log) of unbleached AS-AQ and ASAM pulps at 3000 PFI revolution.
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Figure 12. Porosity Bendsten, ml/ min of unbleached AS-AQ and ASAM pulps at 3000 PFI revolution.
As alkaline sulphite anthraquinone pulping, the ASAM process showed the same results when black liquor was       analyzed. 

The physical properties were reflected the superiority of ASAM process compared to AS-AQ process expect the tear index (Tables 1 and 2) and Figures (3-10). This supported further by higher screened yields, lower rejects, better ISO brightness and lower bleachable Kappa numbers at higher viscosities.  

During pulping with ASAM process only one ratio was applied (70:30) due to its suitability with alkaline sulphite pulping of Albizia lebbeck. Addition of methanol to the white liquor improves the impregnation of the chemicals, acts as a buffer, prevents lignin from condensing and stabilizes carbohydrates [29]. The cooking conditions were fixed, thus methanol was added 15% by volume of white liquor, the amount of AQ was added 0.1% on oven dry wood and maximum temperature 170 0C. The alkali charges were applied 16.3-20%. It was determined that with increase of alkali charge, the Kappa number reduced until it was reached bleachable Kappa number 13.27,indicating an easy, low cost bleaching chemicals applied, although this associated with reduction in viscosity and increase in ISO brightness. The screened yields were more or less similar with slight reduction when alkali charge of 16.3% applied. On the other hand the amount of rejects was decreased with increasing of alkali charge. Although the total yield of 16.3% alkali charge was the highest, which could be attributed to highest amount of rejects, it was preferable to apply alkali charge 19.4%, when an easy bleaching is required. The physical properties of ASAM pulps showed different pattern, thus the burst and tensile strengths were increased with increased alkali charge, but apparent density and tear strength showed decreased behavior (Figures 7-10). The fold Kohler for both AS-AQ was illustrated in (figure 11), reflected that fold increase with an increase of alkali charge applied, on the other hand pulps of ASAM were more compact compared to porous pulps of AS-AQ specially those cooked with low alkali charges (Figure 12).  

Conclusion

During pulping of Albizia lebbeck with alkaline sulphite anthraquinone the application of ratio 70:30 as NaOH: NaSO3 offers many advantages when compared to lower alkalinity ratio 60:40, screened yield, Kappa number, viscosity, rejects and physical properties of pulps. the addition of methanol as ASAM pulping has tendency to improve pulping process by increasing the delignification rate, thus Kappa number could reach bleachable  standards 13.27 when chemical charged is increased and associates with increase in screened yield compared to AS-AQ pulping.

Albizia lebbeck stems could be easily pulped with ASAM resulting in high yields, low kappa numbers, high viscosities and good to excellent   physical properties.
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