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Abstract: Metalloporhyrin ligand, [tetrakis(o-chlorophenyl)porphyrinato]Ni(II) was successfully immobilised onto inorganic silica support from rice husk ash via 3-aminoprorplytriethoxysilane (APTES) and the resulting catalyst was labeled RHAC-NiPor. This mesoporous organic-inorganic hybrid catalyst showed a high specific surface area of 190.0 m2 g−1. The 29Si MAS NMR solid-state spectrum showed the presence of Q2, Q3, T3 and T2 silicon centres in RHAC-NiPor. The catalyst exhibited a good catalytic activity when used as a catalyst for the oxidation of benzyl alcohol with H2O2. A high selectivity to the desired product (benzaldehyde) of 100% and a maximum benzyl alcohol conversion of 54.9% was achieved. RHAC-NiPor could be reused several times without losing its catalytic activity.
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1. INTRODUCTION

Much effort has been devoted to the development of various environmental-friendly catalysts, especially organic-inorganic hybrid heterogeneous catalyst. With regards to this, a vast number of papers describing the synthesis of supported metalloporphyrin complexes for catalytic oxidation reactions have been published.1-5 Although the unsupported metalloporphyrins exhibited a high catalytic performance for oxidation, epoxidation as well as hydroxylation reactions, they have a few limitations in the homogeneous system. For instance, self-destruction of catalyst happens during the course of reaction, and difficulty in separating as well as recovering from the reaction medium after the reaction for reuse.6-7 Therefore, with the intention to overcome the above said disadvantages, many attempts have been made by immobilising metalloporphyrins onto a choice of different inorganic solid supports such as alumina, silica, polymers, zeolites, clays and resins.8-14

In recent years, the selective conversion of benzyl alcohol to chlorine-free benzaldehyde with high selectivity is of considerable importance in the industry, because the latter is a versatile chemical widely used as a starting material in perfumery, cosmetic, pharmaceutical, dyestuff, flavouring and agro chemical industries.15-16 Traditionally, oxidation of benzyl alcohol is carried out with the help of various hazardous and expensive inorganic oxidants, such as hypochlorite, manganese(IV) oxide, permanganate, chromium(IV) oxide and dichromate.17-21 With growing environmental concern, clean oxidants like molecular oxygen and aqueous hydrogen peroxide are preferred as water is the only main side product of these reactions.

Numerous studies have been reported on the oxidation of benzyl alcohol to benzaldehyde by using different catalysts and oxidants under liquid phase condition.22-24 Yang et al. reported the oxidation of benzyl alcohol using iodosylbenzene as oxidant.25 It showed a very high catalytic activity with 100% conversion and selectivity towards benzaldehyde. The disadvantages of iodosylbenzene are low oxygen atom efficiency and high cost for practical application as compared to H2O2. Moreover, other promising catalysts such as palladium and gold supported on metal oxides have also been studied and they exhibited remarkable catalytic activity.26-28 However, they are not cost effective.

Herein, we report the preparation of an organic-inorganic hybrid material by immobilising a metalloporphyrin complex, [tetrakis(o-chlorophenyl)porphyrinato]Ni(II) onto functionalised silica support obtained from rice husk (RH). In this work, we also report the catalytic activity of this hybrid material with respect to the liquid phase oxidation of benzyl alcohol using aqueous hydrogen peroxide as the green oxidant.

2. EXPERIMENTAL

2.1 Materials

The RH was obtained from a local rice mill in Penang. Nitric acid (65%) and sodium hydroxide (99%) were obtained from QReC. Propionic acid was purchased from HmbG Chemicals. Pyrrole and dichloromethane (DCM) (99%) were purchased form Merck. 3-Aminopropyltriethoxy silane (APTES) (98%) was puchased from Sigma Aldrich. Toluene and acetonitrile were purchased from J. T. Baker (99.8%). Benzyl alcohol was obtained from Unilab. All chemicals are AR grade and used as obtained without further purification.

2.2 Sources of Silica

Rice husk ash (RHA) was chosen as the source of amorphous silica from which the silica was extracted according to a previously reported method.29

2.3 Functionalisation of RHA with APTES

RHA silica was functionalised with APTES via a sol-gel reaction according to the method reported elsewhere30 with some modification. About 3.0 g of RHA was stirred in 300 ml of 1.0 M NaOH at room temperature overnight. The sodium silicate formed was then filtered to remove undissolved particles. After that, APTES (6.0 ml, 0.026 mol) was added and the solution was titrated slowly with 3.0 M nitric acid until pH 3 with constant stirring. A white gel started to form when the pH decreased to less than 10. The gel formed was aged for 24 h at room temperature and then the gel was separated by centrifuge at 4000 rpm for 15 min (Rotina 38, Hittich Zentrifugn). This was repeated 5 times, with washing carried out using distilled water. Final washing was done with hot water. The sample was then dried in an oven overnight and it was ground to produce a fine powder. 3.45 g of RHACNH2 was collected from this method and it was then used as the support to anchor the [tetrakis(o-chlorophenyl)porphyrinato]Ni(II).

2.4 Synthesis of [Tetrakis(o-chlorophenyl)porphyrinato]Ni(II)

For the synthesis of the metalloporphyrin complex, tetrakis(o-chlorophenyl)porphyrin was first synthesised according to the method reported by Alder-Longo31 with some modification. 2-Chlorobenzaldehyde (20.3 ml, 0.18 mol) and pyrrole (12.5 ml, 0.18 mol) were added simultaneously to the refluxing propionic acid (1.5 l) and then the mixture was refluxed for 30 min. After cooling the mixture to room temperature, the precipitate formed was filtered and washed with an appropriate amount of cold methanol as well as hot water to give a violet solid of tetrakis(o-chlorophenyl)porphyrin. The synthesised tetrakis(o-chlorophenyl)porphyrin was then refluxed again with a small excess of nickel(II) chloride (molar ratio of 1:3) in dimethylformaamide (250 ml) for 4 h followed by stirring in an ice bath for another 2 h. An immediate precipitate of the complex [tetrakis(o-chlorophenyl)porphyrinato]Ni(II) was formed after an equal amount of cold distilled water was poured into the mixture and it was purified through recrystallisation technique in a 4:1 chloroform-methanol mixture. The product yield was 41.4%.

2.5 Preparation and Characterisation of RHAC-NiPor Catalyst

Preparation of the catalyst was carried out by a modified technique reported elsewhere.32 The metalloporphyrin complex, [tetrakis(o-chlorophenyl)porphyrinato]Ni(II) (12.0 mmol) was added to a suspension of RHACNH2 (3.0 g) in dry toluene (50 ml) and triethylamine (1.67 ml, 12.0 mmol). The reaction mixture was then allowed to reflux at 110°C in an oil bath for 24 h. The resulting solid was filtered and washed with toluene, DCM, and distilled water followed by drying in an oven for 24 h. Finally, it was ground to a fine powder and 2.3 g of sample was obtained. The sample was labelled as RHAC-NiPor.

The catalyst was characterised by several spectroscopic and physical methods. These includes N2 adsorption-desorption analysis, FTIR spectroscopy, X-ray diffraction analysis (XRD), Solid state 29Si and 13C nuclear magnetic resonance, transmission electron microscopy (TEM), scanning electron microscopy (SEM), image analyser and elemental analysis (CHN, EDX).

2.6 Oxidation of Benzyl Alcohol by H2O2 using RHAC-NiPor

The liquid phase oxidation of benzyl alcohol was carried out in a 50 ml double neck round-bottom flask fitted with a water-cooled condenser. In a typical experiment, 10 mmol of benzyl alcohol, 10 ml of acetonitrile and 100 mg of catalyst were placed in the flask and heated in an oil bath with continuous stirring at 353K. After that, 10 mmol of dilute H2O2 (30%) was added drop wise into the reaction flask and the reaction was carried out for the prescribed duration. 0.5 ml aliquot was withdrawn periodically each hour from the reaction mixture and 20 μl of cyclohexanone was added to the sample as the internal standard before GC and GC-MS analysis. After the reaction, the mixture was cooled and filtered to recover the catalyst. Percentage conversion of the reactant and the selectivity of the product was analysed by GC (PerkinElmer Clarus 500 with FID detector and a 30 m capillary wax column) while the organic product obtained was identified by using GC-MS (PerkinElmer Clarus 600 with the same column).

3. RESULTS AND DISCUSSION

3.1 Characterisation of Catalyst

3.1.1 Nitrogen sorption analysis

Figure 1 shows the BET isotherms of RHACNH2 and RHAC-NiPor. Both samples showed H2 hysteresis loop which are usually observed for ink bottle shaped mesoporous material.33,34 It can be observed that RHAC-NiPor maintained the characteristic of type IV isotherm and showed a uniform pore size distribution in the mesoporous region.

The N2 sorption surface analysis parameters are listed in Table 1. RHACNH2 has higher surface area and pore volume compared to RHAC-NiPor. The pore diameters of the catalyst decreased from 5.92 nm for RHACNH2 to 4.90 nm for RHAC-NiPor after the immobilisation. Decrement in BET surface area, pore volume, and pore diameter of the immobilised catalyst compared with that of RHACNH2 confirmed that the metalloporphyrin complex are located within the pore channel of the support and thus resulted in the loss of partial inner surface of the support as well as blockage of some pore entrances by the metalloporphyrin complex moiety.35
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Figure 1: The N2 adsorption-desorption isotherms and narrow pore size distribution (inset) of: (a) RHACNH2 and (b) RHAC-NiPor.






Table 1: The result of BET analysis for RHACNH2 and RHAC-NiPor.
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3.1.2 FT-IR analysis

The IR spectra of RHA, RHACNH2 and RHAC-NiPor are illustrated in Figure 2. Typically, a broad band with high intensity in the range of 3500-3400 cm−1 corresponds to the O-H vibration of SiO-H groups and HO-H of adsorbed water. Meanwhile the bending vibration of the trapped water molecules in the silica matrix was detected at 1648 cm−1. The broad intense peak at 1089 cm−1 in RHA was assigned to the asymmetric vibration of the siloxane bond, Si-O-Si associated with the condensed silica network in the silica and this value was shifted to 1107 cm−1 and 1080 cm−1 for RHACNH2 and RHAC-NiPor, respectively. The C-H stretching vibration can only be found in both RHACNH2 and RHAC-NiPor at 2981 cm−1 and 2935 cm−1 respectively. Whereas stretching vibration of the C-N of primary amides appeared as an intense peak at 1378 cm−1 and 1387 cm−1 in RHACNH2 and RHAC-NiPor. It can be seen that the intensity of this band decreased once the metalloporphyrin complex was incorporated onto the silica support. RHAC-NiPor also showed three additional peaks at 1638 cm−1, 1432 cm−1 and 1315 cm−1 which were ascribed to the transmission of C=C and C=N bonds of benzene and porphyrin ring. Transmission bands of the skeletal vibration of porphyrin ring were seen at 802 cm−1, 747 cm−1 and 693 cm−1 in RHAC-NiPor. These results prove the successful immobilisation of metalloporphyrin complex onto the silica support, RHAC-NH2.
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Figure 2: FT-IR spectra of (a) RHA, (b) RHACNH2 and (c) RHAC-NiPor.



3.1.3 The X-ray diffraction analysis

The high angle XRD diffractogram of the catalyst is shown in Figure 3. The absence of diffraction peaks in the low angle XRD diffractogram of the catalyst indicates that this catalyst did not have any ordered pore arrangement. Whereas high angle XRD diffractogram of RHACNH2 showed only one broad peak at around 2θ angle 22.5° due to the amorphous nature of the silica support and a slight shift of band to 2θ angle 23.7° was observed for RHAC-NiPor. This further proves that the immobilisation of tetrakis(o-chlorophenyl)porphyrinato Nickel(II) did not change the basic amorphous structure of silica and the metalloporphyrin complex was distributed homogeneously throughout the silica.
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Figure 3: The X-ray diffraction pattern for (a) RHANH2 and (b) RHAC-NiPor.



3.1.4 TEM and SEM analysis

The transmission electron micrographs (TEM) of RHACNH2 and RHAC-NiPor are shown in Figure 4(a) and (b). The nano particles of RHACNH2 appeared as a spherical shape with a diameter range of 20-40 nm while an enlargement of the particle size to 35-90 nm resulted in RHAC-NiPor. These nano particles overlapped with each other and arranged in a non-orderly manner.

SEM analysis of RHACNH2 and RHAC-NiPor [Figure 4(c) and (d)] show the existence of granular particles with various sizes which were arranged randomly on the surface resulting in the porous surface of the material.
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Figure 4: Particle size distribution of (a) RHACNH2 and (b) RHAC-NiPor in the TEM images and SEM micrographs of (c) RHACNH2 and (d) RHAC-NiPor.



3.1.5 Elemental analysis

Table 2 shows the elemental analysis of RHA, RHACNH2 and RHAC-NiPor. The EDX analysis showed that nitrogen was only present in RHACNH2 and RHAC-NiPor with the percentage of 5.61% and 8.06% respectively, which was as expected. RHAC-NiPor had 0.81% of Ni. As expected, the percentage of C and H for RHAC-NiPor was significantly higher than RHACNH2. The EDX analysis showed the presence of nickel in RHAC-NiPor from which we can conclude that the metalloporphyrin complex was successfully incorporated onto the functionalised silica support.


Table 2: Percentages of C, H and N obtained by elemental and EDX analysis for the RHA, RHACNH2 and RHAC-NiPor.
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3.1.6 29Si MAS NMR

The 29Si spectrum of RHACNH2 [Figure 5(a)] shows only the presence of Q4 (Si(OSi)4) and Q3 (Si(OSi)3OH) at c = −110.15 and −101.28 ppm respectively. These value had shifted to δ = -93.21 and -84.71 attributed to Q4 and Q3 in RHAC-NiPor [Figure 5(b)]. A chemical shift at δ = -66.93 ppm for RHACNH2 indicates the formation of Si-O-Si linkages via three siloxane bonds, i.e., (SiO2)(-O-)3Si-CH2CH2CH2-Por (T3) and a chemical shift at δ = -59.04 ppm was attributed to the formation of two siloxane linkages, i.e., (SiO2) (-O-)2Si(OH)CH2CH2CH2-Por (T2), to the silica. RHAC-NiPor also shows T3 and T2 chemical shifts at δ = -50.37 ppm and -41.30 ppm respectively. The slight shift in the 29Si NMR spectrum of RHAC-NiPor with respect to RHACNH2 indicates the successful substitution at N of RHACNH2, which essentially indicates the formation of the new C-N bond that immobilised the tetrakis(o-chlorophenyl)porphyrin onto the silica.
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Figure 5: 29Si MAS NMR of (a) RHACNH2 and (b) RHAC-NiPor.



3.1.7 13C MAS NMR

More convincing information for the successful incorporation of tetrakis(o-chlorophenyl)porphyrinato nickel(II) onto RHACNH2 support comes from 13C MAS NMR studies [(Figure (6)]. Generally, the incorporated propyl group (C1, C2 and C3)36,37 in RHACNH2 appeared at chemical shifts, δ = 12.57 ppm, 24.17 ppm and 44.71 ppm, respectively. For RHAC-NiPor, these values were shifted to δ = 13.55 ppm, 27.85 ppm and 47.17 ppm respectively. A slight down field shift of the C3 in RHAC-NiPor further verify the formation of new C-N bond which is in agreement with the result of 29Si NMR (Scheme 1). As can be observed in Figure 6(b), there is a broad chemical shift in the range of δ = 100−170 ppm. These unresolved peaks were ascribed to the carbons of the metalloporphyrin complex. Therefore, taking into consideration all the analysis carried out on RHAC-NiPor, it can be concluded that tetrakis(o-chlorophenyl)porphyrinato nickel(II) was successfully incorporated onto the silica via the formation of new C-N bond. To the best of our knowledge, this is the first report detailing the 13C MAS NMR study for supported metalloporphyrin complexes.
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Scheme 1: The reaction sequence for the synthesis of RHAC-NiPor. The possible structure of the catalyst was postulated based on solid state (13C and 29Si) MAS NMR spectral studies.
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Figure 6: 13C MAS NMR of (a) RHACNH2 and (b) RHAC-NiPor.



3.2 Selective Oxidation of Benzyl Alcohol

The effectiveness of the prepared catalyst, (RHAC-NiPor) was tested in the liquid phase oxidation of benzyl alcohol. In order to optimise the reaction conditions, the reaction was carried out by varying several parameters such as the effect of reaction temperature, amount of catalyst and molar ratio of reactant over hydrogen peroxide used. The reusability of the catalyst was also determined. The optimum condition for this study show 100% selectivity towards the formation of benzaldehyde (Scheme 2).
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Scheme 2: The oxidation of benzyl alcohol to benzaldehyde over RHAC-NiPor.



In general, temperature has a significant effect on the oxidation of benzyl alcohol. Hence, in this study, six different reaction temperatures in the range of 303K to 373K was tested and the results are shown in Table 3. The conversion of benzyl alcohol increased when the reaction temperature was increased and a maximum of 40.1% conversion was obtained at 353K. Raising the temperature accelerated the reaction as H2O2 is more effectively consumed at higher temperature compared to that at low temperature.38 However, further increase in the reaction temperature to 373K resulted in lower conversion. The reason for this decrease was due to the rapid thermal decomposition of H2O2 at higher temperature which resulted in a relatively low activity.39 Based on the results obtained, 353K was the optimum in terms of percentage conversion for the oxidation of benzyl alcohol with this catalyst.


Table 3: The effect of reaction temperature on the percentage conversion of benzyl alcohol and product selectivity.
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In addition, the effect of catalyst weight was also investigated at 353K by using acetonitrile as the solvent for 4 h. As illustrated in Table 4, the sole product was benzaldehyde when 100 mg of catalyst was used and benzyl alcohol conversion increased from 30.7% to 54.2% when the mass of catalyst was increased from 30 mg to 100 mg. Lower conversion of benzyl alcohol into benzaldehyde with smaller amount of catalyst used could be due to fewer catalytic sites.40 On the other hand, the conversion decreased when the amount of RHAC-NiPor was increased to 150 mg. This phenomenon may possibly be due to the rapid decomposition of H2O2 owing to the excessive catalytic sites. This is analogous to the rapid decomposition of H2O2 at 373K. Therefore, 100 mg of RHAC-NiPor was the optimum weight of catalyst for the oxidation of benzyl alcohol under the system studied.


Table 4: Variation in benzyl alcohol conversion under different amount of catalyst studied.
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Table 5 presents the influence of benzyl alcohol and H2O2 molar ratio on the catalytic activity. It is clear that, there is a steady increase in the conversion of benzyl alcohol with increase in H2O2. Nevertheless, the rate of benzyl alcohol conversion remained almost constant (54.2%, 54.9% and 54.5%) when the molar ratio of benzyl alcohol to H2O2 was 1:1, 1:1.5 and 1:2. This could be due to an increasing amount of available oxygen liberated upon decomposition of H2O2 when more H2O2 resulting in a higher conversion of benzyl alcohol to benzaldehye.16 The selectivity of the products did not show significant variation as the molar ratio of benzyl alcohol to H2O2 increased from 1:0.5 to 1:2. Thus, 1:1 molar ratio of benzyl alcohol to H2O2 was taken to be an optimum molar ratio in this study.


Table 5: The effect of H2O2 concentration on the oxidation of benzyl alcohol.
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The recyclability of the catalyst was evaluated by running the reaction successively (under the optimum reaction conditions) over three recycles as shown in Table 6. The typical recycling procedure was as follows: after the initial reaction, the alcohol and catalyst was separated from the reaction medium by filtering and then the catalyst was regenerated by washing with distilled water and drying in an oven for few hours, followed by the activation at 110°C for 24 h. In three successive trials, the conversion and selectivity did not show significant difference. These results indicate that the catalyst could be easily recovered and used several times without significant loss in its catalytic activity.


Table 6: Reusability of RHAC-NiPor under optimised reaction conditions.
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The leaching test of the catalyst was carried out and the data obtained is shown in Table 7. The catalyst, RHAC-NiPor was removed after 1 h and the reaction was allowed to continue without the catalyst. It was noted that there was an increase of ca. 1.6% in conversion after the catalyst was removed until the end of the reaction at 4 h. Since the percentage increase is very small, thus this slight increment in benzyl alcohol conversion is most likely due to the concentration effect arising from evaporation during the transfer of reagents when filtering out catalyst from the reaction medium after 1 h. Hence, it can be concluded that leaching of nickel metal during the reaction in this study was insignificant.


Table 7: The leaching test of RHAC-NiPor.


[image: images]




Literature review reveals that only a few studies have been made on the oxidation of benzyl alcohol by using nickel complex or modified nickel supported catalysts. Ali et al. reported a conversion of only 36% at 348K over 4 h.15 While in the present case, RHAC-NiPor gives 54.9% conversion within the same period of time. Xavier et al. also reported a very low conversion of benzyl alcohol by using zeolite-encapsulated Ni(II) complex.41,42 On the other hand, high conversion of benzyl alcohol (84%) was achieved by Mao et al.,43 but it was achieved under severe conditions, like high temperature (653K). Nevertheless, their method yielded lower selectivity towards benzaldehyde compared with the present study which was 100% selectivity.

4. CONCLUSION

In conclusion, a highly stable silica-supported metalloporphyrin complex was successfully synthesised, in which [tetrakis(o-chlorophenyl)porphyrinato]Ni(II) was successfully immobilised onto the functionalised silica support prepared from RHA. RHAC-NiPor can be used as an efficient catalyst for the liquid phase oxidation of benzyl alcohol with the environment friendly H2O2 as a sole oxidant. The catalyst showed excellent catalytic activity with 100% selectivity towards benzaldehyde when 100 mg of RHAC-NiPor was used together with 1:1 benzyl alcohol to H2O2 molar ratio at 353K for 4 h. Recycling of the catalyst indicates that the catalyst can be reused several times without significant loss in catalytic activity.
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Abstract: Rubberwood is prone to attack by saptain mold, wood decaying fungi and wood borers. Rubberwood preservation treatment is usually done through conventional chemical methods, which could cause environment and public health concern. A promising biocontrol agent from natural resources with a broader spectrum of disease control and high yield is needed. In this study, the growth of Malaysian white-rot fungus, Earliella scabrosa (E. scabrosa) isolated from the Malaysian forest was carried out in a shake flask culture. The antifungal activities of E. scabrosa extract against selected wood-degrading fungi of rubberwood were elucidated via broth dilution method using a 96-well microtitre plate for minimum inhibitory concentration assay. The composition of the major compounds extracted from the mycelium was determined by gas chromatography mass spectrometer (GC-MS). It was observed that the maximum biomass production was obtained when E. scabrosa was incubated in media with initial pH 6.5 or when incubation temperature was at 30°C or when agitation speed was 150 rpm. This fungal strain also showed higher antifungal activity against seven wood-degrading fungi of rubberwood with Minimum Inhibitory Concentration (MIC) values ranging between 0.61 and 5.00 μg μl–1. The GC-MS spectrum indicated that this fungus produced several compounds, such as 2(3H)-furanone, 5-heptyldihydro-, 4H-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- and triacetin. This shows that E. scabrosa, which belongs to the group basidiomycete, is capable of producing active ingredients to inhibit the growth of fungi on the rubberwood.

Keywords: Earliella scabrosa, biomass production, antifungal activity, wood degrading fungi, minimum inhibitory concentration

1. INTRODUCTION

Rubber trees (Hevea brasiliensis), which belong to the family Euphorbiaceae, were indigenous to the Amazon Valley of South America and were introduced in the Peninsula Malaysia more than a century ago. The trees were replanted every 25–30 years when they were uneconomical for latex production. It had been reported that the earlier rubberwood was utilised for timber and timber-based products, while the felled trees were used as fuelwood.1,2 However, in the late 1970s, Malaysia started to commercialise the rubberwood, especially for industries that used fuel wood (e.g., drying and smoking of sheet-rubber, tobacco curing and brick making), the charcoal industry and the block board industry.1 Nowadays, it can be used to make a wide range of products, such as rubberwood-based panels (e.g., particle board, plywood and medium-density fibreboard), furniture and joinery-products, floor tiles and parquet, and mouldings.2 Yet the fungal decay and deterioration problem has reduced the utilisation of rubberwood in wood processing industries.

Generally, chemical preservatives such as boron compounds are commonly impregnated into rubberwood in order to preserve it from fungal attack. Still today, there is a great concern on the impact of wood preservation formulations on the environment and human health. Due to that, this chemical preservation had narrowed down only to the utilisation of rubberwood, particularly in the furniture industry.3 Interest in using natural antifungal compounds in the development of wood protection strategies for eco-products is absolutely needed. Currently, biological control agent is a promising alternative to chemical control in wood preservative sector.

Antifungal secondary metabolites isolated from the heartwood of plants had been considered to contribute to the tree resistance against the wood-degrading fungi.4 As an example, biological control of the wooden distribution poles using Trichoderma spp. has been studied by Score and Palfreyman,5 in which Trichoderma spp. displayed a killing action against the dry soft fungus, Serpula lacrymans in in-vitro test. This phenomenon provided the ecology chemical interactions, and hence established the existence of biochemical pathways with the sole purpose of producing mycotoxins and other natural products in fungi.6,7

White rot fungi are categorised under physiological grouping, which belongs to the basidiomycetes group. These fungi produce active ingredients of bioherbicide, bioinsecticide and biofungicides products.7 Earliella scabrosa (E. scabrosa) is a monotypic genus of fungi in the family Polyporaceae. It produces enzymes for dyes biotransformation in solid-state fermentation as reported by Guerra et al.8 The results showed that this white rot fungus has a higher decolourisation percentage of Navy FNB and Red FN-3G dyes as compared to Trametes maxima and Ganoderma zonatum. Rationally, the use of fungal crude enzyme for dyes transformation could be considered a friendly proposal with the environment for biological treatment of polluted effluents.8

Though the effectiveness of E. scabrosa in its antifungal activity has not yet been reported, it has a potential use as a biocontrol agent in the rubberwood protection sector. This article examines the growth condition of the white rot fungus E. scabrosa in shake flask cultivation, and its ability to exhibit antifungal activity in order to inhibit the growth of selected wood-degrading fungi of rubberwood.

2. EXPERIMENTAL

2.1 Fungus Strain

The fungus strain, E. scabrosa was obtained from Biocomposite and Protection of Timber Forest Products Laboratory, Forest Research Institute Malaysia (FRIM), Kepong, Malaysia. The stock culture was grown on malt extract agar (MEA) at 30°C and maintained on agar slant prior for subsequent studies.

2.2 Wood-degrading Fungi Used

Selected wood-degrading fungi strains of Pycnoporus sanguineus, Schizophyllum commune, Lentinus sp., Lentinus strigosus, Microporus affinis and Microporus xanthopus were collected from Biocomposite and Protection of Timber Forest Products Laboratory, FRIM, Kepong, Malaysia. The stock cultures were grown at 30°C and maintained on malt extract agar slant for subsequent studies.

2.3 Mycelia Suspension Preparation

Mycelia suspension was prepared by suspending mycelia discs from seven-day-old culture plate in a sampling bottle containing sterilised distilled water and 0.1% (v/v) Tween 80. A disc of 5 mm diameter was punched on the mycelia mats of the agar plate using sterilised cork borer. A total of 10 discs for every 100 ml of sterilised water were vortexed for 5 min in order to make the mycelia suspensions became homogenous.

2.4 Crude Extract Preparation

10 ml (10% v/v) of the mycelia suspension was added to 90 ml medium in 250 ml Erlenmeyer flask. The medium composition used in this study consists of 26.9 g l−1 yeast extract, 10.0 g l−1 malt extract, 49.2 g l−1 glucose, 1.0 g l−1 KH2PO4, 1.0 g l−1 K2HPO4, 0.93 g l−1 MgSO4.7H2O and 2.0 g l−1 (NH4)2SO4. Before transferring the mycelia suspension into culture media, the media was sterilised at 121°C for 15 min. The media initial pH was 6.5. The culture was incubated in an incubator shaker at 30 ± 1°C, 150 rpm for 5 days. The culture broth was then harvested and centrifuged at 4000 rpm (Eppendorf Centrifuge 5702, Germany) for 15 min. The mycelia produced were filtered prior placing it in an oven at 60°C for 24 h before weighing. The biomass concentration was determined as shown in Equation 1.
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2.5 Effect of Culture Condition on Mycelia Growth

Selection of the culture conditions on E. scabrosa growth was done by employing one-factor-at-a-time (OFAT) techniques carried out in a 250-ml Erlenmeyer flask. In this study, the main three parameters chosen were initial pH of the media (4.5–8.5), incubation temperature (25°C–45°C) and agitation rate (0–450 rpm). In each respective experiment, one parameter would be changed while the other parameters remained to identify the profile trend. All experiments were performed in triplicate.

2.6 Extraction Procedure

Dry mycelia (100 g) were boiled either in water or in methanol (ratio 1 g: 20 ml) for 48 h. The percentage yield for water and methanol extract was about 0.68% and 1.01%, respectively. The crude extract obtained was then dried and kept at 4°C for further analysis.

2.7 Minimum Inhibitory Concentration (MIC) Assay

Minimum Inhibitory Concentration (MIC) is defined as the lowest concentration of fungal mycelia extract at which no growth of wood-degrading fungi was observed after the incubation period. Dimethyl sulfoxide (DMSO) at the concentrations used did not interfere with the reaction conditions.9

Crude extract from E. scabrosa were prepared and tested for antifungal agent against selected wood-degrading fungi such as Pycnoporus sanguineus, Schizophyllum commune, Lentinus sp., L. sajor-caju, L. strigosus, Microporus affinis and M. xanthopus. The antifungal activity of G. trabeum was evaluated by broth dilution method. All experiments were performed using a 96-well microtitre plate and carried out in triplicates. Briefly, the mycelia of each strain were prepared from 48-h broth cultures, and each suspension was standardised to 0.5 McFarland standard turbidity. Then, the crude extract obtained was dissolved into 5% DMSO. Each well contained malt extract broth with 90 µl of serially diluted crude extracts and was inoculated with the mycelial suspension of wood-degrading fungi to a final volume of 100 µl. The control contained only malt extract broth. The growth of microorganisms was determined by adding 20 µl of yellow tetrazolium MTT reagent dissolved in distilled water (5 µg µl−1). The results were obtained after an incubation period of 1 h. The clear colour wells indicated the presence of growth inhibition whereas the dark bluish colour wells indicated the absence of growth inhibition.

2.8 Analytical Method

The crude extract was dissolved with 70% (v/v) ethanol prior to the gas chromatography mass spectrometry (GC-MS) analysis. In this study, a GC-MS was used to analyse the sample quantitatively by referring to the molecular weight of the compounds in a library (Model: NIST) that was incorporated into it. The gas chromatography analyses were performed using a Perkin Elmer Clarus 600 gas chromatograph equipped with an ELITE-5 column. The gas chromatography was coupled to the Perkin Elmer 600T mass spectrometer. The oven temperature was programmed at 65°C for 4 min and then increased to 280°C at a rate of 8°C min−1.

3. RESULTS AND DISCUSSION

3.1 Effect of Initial Medium pH on Mycelia Growth

The pH of the growth medium played an important role by inducing morphological changes in the fungal mycelia. It had been reported that various species of mushrooms, such as basidiomycetes and ascomycetes provided good mycelia growth under moderately or slightly acidic pH during submerged cultivation.10,11 Figure 1(a) shows that E. scabrosa grew fairly well in acidic, neutral and alkaline environments (pH 5.5–7.5).

It was observed that the best growth (20.74 ± 0.85 g l−1) was obtained in acidic medium of pH 6.5. Then, the vegetative growth of 15.34 ± 0.63 g l–1 biomass, which was the second best, was also recorded in slightly alkaline medium (pH 7.5), followed by growth at acidic medium of pH 5.5. It could be deduced that E. scabrosa preferred a lower acidic and alkaline medium. This result was quite similar to the study by Fasidi and Akwakwa,12 who reported that acidic pH values of 5.5–6.5 could provide a good mycelia growth of Pleurotus tuber-regium. However in this study, only 1.74 ± 0.39 g l−1 biomass was observed for pH 4.5, suggesting that very strong acidic or alkaline environments were inhibitory for the fungus growth. Therefore, the pH value of 6.5 was suggested for use in further study.
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Figure 1: Biomass production of E. scabrosa under different physical conditions after 5 days incubation, i.e., (a) initial pH, (b) incubation temperature and (c) agitation speed.



Besides pH, temperature was also another important environmental factor that influenced the growth of filamentous fungi. Figure 1(b) revealed that the best biomass production (20.82 ± 0.88 g l−1) by E. scabrosa was attained at 30°C. This phenomenon might be due to the fact that this range of temperature (30°C–35°C) was suitable for mycelia growth, as suggested by Yang and Liau.13 There is a significant decrease in biomass production at higher temperature [Figure 1(b)]. This observation agrees with the study by Gbolagade et al.,14 who reported that growth of L. subnudus was inhibited at extremely low and high temperatures. This could be the result of the metabolic activities of fungus, which was usually reduced at extremely lower temperature, and denaturation of fungal enzymes occurred at higher temperature. Taking into consideration of the above factors indicated that a moderate temperature of 30°C was chosen for subsequent studies.

Agitation speed was also a notable factor in the fermentation process since it would increase the amount of dissolved oxygen in the cultivation medium. As in this study, the effect of agitation speed (0–250 rpm) on biomass production by E. scabrosa in a shake flask culture was evaluated using single factor experiments, as shown in Figure 1(c). Results showed that the biomass increased sharply with increase in agitation speed from 0 to 50 rpm. In contrast to an optimum rotating speed of 100 rpm for mycelia growth of Aspergillus niger hyphae during the production of tannase,15 the best yield of this study as in Figure 1(c) was achieved at agitation speed of 150 rpm (20.69 ± 0.90 g l−1). This result was similar to that reported by Yang and Liau,13 who found that the best yield of Ganoderma lucidum growth was achieved at rotation speed of 150 rpm. Beyond this point, a reverse trend was observed [Figure 1(c)]. This condition could be due to the fungal cell disturbances as a result of agitation speed, which increased the shear stress on the mycelia.13,15 Therefore, the agitation speed of 150 rpm was used for further study.

3.2 Anti-fungal Activity

Antifungal activity from the crude extract of E. scabrosa was assayed against seven types of wood-degrading fungi isolated locally. The antifungal activity was evaluated using MIC assay as shown in Table 1.


Table 1: Antifungal activities from the crude extract of E. scabrosa against selected wood-degrading fungi.
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The aqueous and methanol extracts from E. scabrosa showed antifungal activity against the five wood-degrading fungi tested, except in the study on P. sanguineus and S. commune. Among the wood-degrading fungi tested, M. affinis and M. xanthopus showed susceptible growth inhibition to the water extract of E. scabrosa, in which the MIC value was 1.25 μg μl−1. Meanwhile Lentinus sp., L. sajor-caju and L. strigosus showed MIC values of 2.50 μg μl−1, 5.00 μg μl−1 and 5.00 μg μl−1 (Table 1). On the other hand, the methanol extracts from E. scabrosa also effectively inhibited growth of four wood-degrading fungi tested. The MIC values obtained from the methanol extract of E. scabrosa against Lentinus sp., L. sajor-caju, L. strigosus, M. affinis and M. xanthopus were 1.25 μg μl−1, 1.25 μg μl−1, 2.50 μg μl−1, 0.61 μg μl−1 and 0.61 μg μl−1 (Table 1), respectively. This phenomenon might be due to the fact that different proteins from different fungi exert different antimicrobial activities with different mechanisms such as inhibiting alternate microorganism-secreted enzymes, or they could interfere directly with the carrier proteins.9

Likewise, the MIC results listed in Table 1 also summarised that the methanol extracts gave better antifungal activity compared to aqueous extract. This could be due to the fact that the alcohol extract provided a more complete extraction, in which less polar compounds possessed antifungal properties.17 In addition, the methanol extracts could provide relatively wider spectrum of antimicrobial activity as compared to the aqueous extract.18

3.3 GC-MS Analysis

The interpretation of the mass spectrum GC-MS was conducted using the database of the National Institute Standard and Technology (NIST). The spectrum of the unknown component from a sample was compared with the spectrum of the known components stored in the NIST library (version 2.0). Then, the name, molecular weight and structure of the components of the tested materials were ascertained. Figure 2 and Table 2 show the GC-MS spectrum obtained from the E. scabrosa methanol extract. The most abundant compound identified were 2R,3S-9-[1,3,4-Trihydroxy-2-butoxymethyl]guanine (24.02%), followed by L-Glucose (11.51%).
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Figure 2: GC-MS chromatogram for the E. scabrosa methanol extract.



The results in Table 2 are just a preliminary phytochemical screening of E. scabrosa methanol extract that showed the presence of carbohydrate, triglyceride, phenolic compounds, tannis, flavonoids and proteins. Among all the components, 4H-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- (DDMP) is one of the anti-microbial present in the E. scabrosa methanol extract with retention time (RT) and peak area of 8.38 min and 7.23%, respectively. Figure 3 shows that the mass spectrum of the unknown compound was similar to the mass spectrum of DDMP based in the NIST library database. This active compound has been found in the crude extract of P. sanguineus and S. commune, respectively. Also, it could be used to inhibit the growth of various type of wood-degrading fungi within the range of 0.10–5.00 μg μl−1.7,9 Besides, its ability on the biological functions has also been studied, including anti-alpha-glucosidase activity in patients with diabetes mellitus, reactive oxygen-scavenging activity, arylamine and 2-acetoxyacetylaminofluorene (2AAAF)-induced DNA damage in Chinese hamster ovary cells, and anti-tumour, anti-oxidant, anti-microbial and anti-inflammatory activities.7,9,19,20


Table 2: Chemical components identified in the Earliella scabrosa methanol extract via GC-MS analysis.
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Figure 3: Mass spectrum for the compound at 8.38 min and 4H-pyran-4-one,2, 3-dihydro-3,5-dihydroxy-6-methyl- (DDMP) with its structure.



In addition, other compounds found in the extracts (Table 2), such as Triacetin (RT: 11.81, 0.50%) and 2(3H)-Furanone, 5-heptyldihydro- (RT: 9.88, 0.70%), could be amongst the important agents that inhibited the growth of the wood-degrading fungi.21 Overall, a number of compounds with known toxicity were found to be produced by E. scabrosa under the conditions that were determined to maximise biomass production. Further optimisation studies need to be carried out using the optimum conditions described in this study so as to increase the yield of the active compounds.

4. CONCLUSION

In this study, the maximum E. scabrosa biomass production in a shake flask culture was obtained when initial culture medium was at pH 6.5 or incubation temperature 30°C or when agitation speed was 150 rpm. The water and methanol extracts provided antifungal activities against the selected wood-degrading fungi of rubberwood within MIC values range from 0.61–5.00 μg μl–1. Several chemical components, such as 4H-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- (DDMP), Triacetin and 2(3H)-Furanone, and 5-heptyldihydro- were present in the methanol extract, which could play an important role in inhibiting the growth of selected wood-degrading fungi. Hence, it is intended that the present work will contribute to an understanding and determining the physical conditions (e.g., initial medium pH, incubation temperature and agitation speed) for E. scabrosa mycelia growth and also its antifungal activities.
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Abstract: Solvent extraction of Palladium(II) [Pd(II)] from chloride solution has been investigated by using triphenylphosphine (Ph3P), triphenylphosphine oxide (Ph3PO) and triphenylphosphine sulphide (Ph3PS) as extractants in benzene. Under similar experimental conditions, Ph3P showed relatively better extraction of Pd(II) compared to the other two extractants. Therefore, detailed investigations on the effects of different parameters on the extraction of palladium by Ph3P were then carried out. The stripping of the extracted metal species using different stripping agents solutions was investigated and the selective removal of Pd was found to be when using 1 M stabilised thiosulfate solution. Based on the experimental results, an equilibrium model is proposed and the stoichiometry of the extracted species was found to be [Pd(Cl)2.2Ph3P]. Thermodynamic parameters including G, H and S for the Pd-Ph3P extraction system were determined. IR spectrum analysis of the extracted complex indicates the direct extraction of Pd as chloride and bonding to phosphorus.

Keywords: Solvent extraction, triphenylphosphine, triphenylphosphine oxide, triphenylphosphine sulphide

1. INTRODUCTION

Palladium (Pd) has been used in various ways as a hydrogenation catalyst, micro contactors in the electronics, hard alloy in dentistry and in the last few years as a component in the three-way catalysts in automobile exhaust catalytic beads.1,2 Platinum group metals (PGMs) and their compounds have been widely used as catalysts in the automobile, chemical and petroleum industries. PGMs are also used as conductors in the electrical and electronic industries, in extrusion devices, in dental and medical prostheses, and in jewellery.

Due to their characteristics such as the resistance to corrosion and oxidation, high melting points, electrical conductivity, and catalytic activity, PGMs are extremely useful in different industries. For these reasons, establishing rapid and accurate methods for the determination of palladium for industrial process, quality and pollution control is important.3 The triphenylphosphine chalcogenides, Ph3PX (X = O & S) are all well known as ligands.4,5 However, an examination of the Cambridge Crystallographic Database6 shows an imbalance in the number of structural characterisations. Triphenylphosphine (TPP) is a reagent that is routinely employed in organic synthesis.

There are only 16 examples of metal complexes with X = S and nearly 300 with X = O. Furthermore, most of those for X = O involve metals in higher oxidation states, whereas those for X = S are for metals in low oxidation states, especially Au(I). This is understandable since Ph3PO is a hard Lewis base preferring hard acids, while Ph3PS is a soft base.4 The solvent extraction of palladium from nitrate medium by different extractants has been studied by different authors.711 Ahmed et al. studied the extraction of Pd from nitric acid medium using CYANEX 471X in kerosene. The results indicate the possibility of separation of Pd from a synthetic chloride solution similar in composition to that expected from the leaching of spent automotive catalyst.12

Solvent extraction separation and recovery of Pd and platinum (Pt) from hydrochloric acid leach liquors of spent automobile catalyst employing precipitation and solvent extraction methods were also studied.13 Separation of Pd from high level liquid waste (HLLW) solution originated from the reprocessing of spent fuel by the PUREX process was carried out by solvent extraction and precipitation methods using oximes.14 The solvent extraction and separation performances of Pd(II) and Pt(IV) from hydrochloric acid solutions were investigated using dibutyl sulfoxide (DBSO) diluted in kerosene.15 The extraction behaviour of Pd(II) was studied with LIX 84I (2-hydroxy-5-nonylacetophenone oxime) in HCl medium16 and was found to be 97%.

The present paper describes the extraction and back extraction of Pd(II) using Ph3P as extractant in benzene as well as with Ph3PO and Ph3PS. The effects of various parameters like hydrogen ion concentration, extractant concentration, chloride concentration, HCl concentration and metal ion concentration on the distribution ratios of the Pd-Ph3P system have been studied. The composition of Pd-Ph3P complex was elucidated using slope analysis method and verified by IR measurements. Thermodynamic data was generated for the Pd-Ph3P system.

2. EXPERIMENTAL

2.1 Chemicals and Reagents

All chemicals and reagents used are of analytical reagent (AR) grade. The extracting ligands used, Ph3P, Ph3PO and Ph3PS were supplied from Fluka and used as received without further purification. Ph3P is a common organophosphorus compound with the formula P(C6H5)3 often abbreviated to PPh3 or Ph3P (Ph = C6H5). It is widely used in the synthesis of organic and organometallic compounds. PPh3 is in the form of colourless crystals at room temperature. It dissolves in non-polar organic solvents such as benzene and diethyl ether (Figure 1). Ph3PO is the chemical compound with the formula (C6H5)3PO often abbreviated to Ph3PO or PPh3O. This white crystalline compound is a common side product in reactions involving Ph3P. It is a popular reagent to induce the crystallisation of chemical compounds (Figure 1).
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Figure 1: The structure and formula of Ph3P, Ph3PO and Ph3PS.



Ph3PS is the organophosphorus compound with the formula (C6H5)3PS, usually written as Ph3PS. It is a colourless solid, which is soluble in a variety of organic solvents (Figure 1). Benzene used as a diluent is an AR product of Prolabo. The Pd salt used is PdCl2 of pure grade (Fluka) and was dissolved in hydrochloric acid solution (Aldrich). The concentration of Pd stock solution thus obtained was 9.4  103 M (1 g l1) in 1 M HCl, unless otherwise stated.

2.2 Procedure

During batch experiments, a good shaking was carried out for 5 cm3 of an aqueous hydrochloric acid solution containing Pd(II) of known concentration with 5 cm3 of the organic phase containing Ph3P, Ph3PO or Ph3PS at the desired concentration. The extraction equilibrium was attained after 30 min (sufficient to attain equilibrium) in glass-stoppered tubes using a shaking water bath shaker type Julabo SW-20C, Germany controlled within  1C adjusted at 25  1C (except when studying the effect of temperature).

The concentration of Pd(II) in the aqueous acid chloride solution was determined spectrophotometrically by the iodide method17 using a Shimadzu, UV/visible recording spectrophotometer type UV-160A at  = 407  3 nm. The concentration of the metal in the organic phase was calculated from the difference between its concentration in the aqueous phase before and after concentration of the metal in the organic phase to its concentration in the aqueous phase.

Stripping experiments were carried out by shaking 10 ml of the organic phase loaded with the extracted metal for 30 min with the same volume of distilled water and other different stripping solutions. The palladium extracted in the organic phase was characterised by measuring the infrared spectra, using FT-IR JASCO 6300 instrument.

3. RESULTS AND DISCUSSION

3.1 Investigations on the Extraction of Pd(II) with Ph3P, Ph3PO and Ph3PS

In order to choose the suitable extractant for the extraction of 9.4  103 M (1g l1) Pd(II) from acid chloride medium, three different and related extractants, namely Ph3P, Ph3PO and Ph3PS dissolved in benzene have been investigated.

The results obtained with these extractants under similar experimental conditions and given in Table 1 reveal a lower influence of Ph3PS concentration and consequently lower values for Pd(II) extraction, which can be attributed to the electron withdrawing characteristics of the aromatic ring with a decrease of the solvating power of the S atom for Ph3PS.18 On the other hand, use of the soft donor acceptor property of palladium to interact with the soft donor property of (Ph3P) ligand is explored in the extraction of Pd from chloride medium by Ph3PO.


Table 1: Extraction of Pd(II) (1 g l1) from 1 M HCl solution using different extractants dissolved in benzene at 25C.
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Extraction of Pd(II) from aqueous chloride solution using Ph3PO in benzene was poor due to the low tendency of the soft acid Pd(II) to be associated with, and extracted by, the hard oxygen donor base (Ph3PO).7 The results obtained indicate that the extraction of Pd(II) with Ph3P as extractant seems to be the most promising compared to Ph3PO and Ph3PS. Therefore, further detailed investigations were carried out on the extraction of Pd(II) from chloride medium with Ph3P in benzene.

3.2 Etraction of Pd(II) from Chloride Medium with Ph3P in Benzene

The effects of [H+], [Cl], [extractant] and [HCl] on the extraction of 9.4  103 M (1 g l1) Pd(II) were separately investigated in the respective concentration range.

3.2.1 Effect of extractant concentration

The extraction of Pd(II) (1 g l1) was carried out from 1M HCl solution using different concentrations of Ph3P in the range of (1  103)0.2 M. A traditional and effective means of obtaining both the stoichiometric and equilibrium constant and information about the extraction processes, called "slope analysis," is based on an examination of the variation of the distribution ratio as a function of the relevant experimental variables in a log-log scale.

As shown in Figure 2, the log-log relation between the distribution ratio increases linearly with the increase in the extractant concentration with slope ~2 indicating the participation of two Ph3P molecules in the extracted palladium species.
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Figure 2: Effect of Ph3P concentration in benzene on the extraction of 9.4  103 M (1 g l1) Pd(II) from 1 M HCl medium at 25C and phase ratio (O/A) = 1.



3.2.2 Effect of hydrogen ion concentration

The effect of hydrogen ion concentration on the extraction of Pd(II) by Ph3P in benzene at constant [Cl] of 1 M using sodium chloride was investigated in the 0.11 M range. The increase in H+ concentration in the investigated range had almost no influence on the extraction under the used experimental conditions (Figure 3). This is because the used extractant is neutral and contains no hydrogen ions.
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Figure 3: Effect of [H+] and [Cl] on the extraction of 9.4  103 M (1 g l1) Pd(II) by 0.01 M Ph3P in benzene at 25C and phase ratio (O/A) =1.



3.2.3 Effect of chloride concentration

Distribution ratios of Pd(II) were measured by varying the chloride concentration range of 15 M at constant [H+] of 1 M. It can be observed from the data that when the chloride concentration increases, the distribution ratio decreases; the increase in the chloride concentration favours the formation of PdCl42complex which leads to the decrease in the concentration of free Pd(II) ions. The plot of log D versus log [Cl] was found to be a straight line with negative slope of about 2 (Figure 3).

3.2.4 Effect of hydrochloric acid concentration

The influence of hydrochloric concentrations in the 0.15 M range on the extraction of 9.4  103 M Pd (II) by 0.01 M Ph3P is illustrated in Figure 4. The results obtained show that the extraction efficiency decreases as the hydrochloric acid concentration increases and the extraction percentage of Pd(II) has a maximum value at 1 M HCl. With further increase in HCl concentration, the extraction percentage of Pd decreases to a minimum value at 2 M HCl and remains constant with further increase in HCl concentration. This decrease may be attributed to the probable extraction of hydrochloric acid at high acidity together with the formation of extractable species PdCl42.
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Figure 4: Effect of hydrochloric acid concentration on the extraction of 9.4  103 M (1 g l1) Pd(II) by 0.01 M Ph3P in benzene at 25C and phase ratio (O/A) =1.



3.2.5 Effect of metal concentration

The effect of Pd(II) concentration on its extraction with 0.01 M Ph3P in benzene from 1 M aqueous hydrochloric acid solution was investigated in the range of (4.7  103)0.023 M. The results obtained are represented in Figure 5 as a relation between the equilibrium palladium concentration in organic and aqueous phases. From this figure, it is clear that the concentration of Pd in the organic phase increases with its equilibrium concentration in the aqueous phase to reach a maximum value around 0.015 M. The ratio between this value and its equilibrium concentration in the aqueous phase indicates the formation of 1:2 (metal to extractant) complexes, which supports the results obtained in Figure 2.



[image: images]


Figure 5: Relation between equilibrium concentration of metal in the organic and aqueous phase from 1 M HCl medium by 0.01 M Ph3P dissolved in benzene at phase ratio (O/A) = 1 and 25C.



3.2.6 Effect of phase ratio

The effect of change of organic to aqueous (O/A) phase ratio on the extraction trend of Pd(II) and 1 M HCl medium using 0.01 M Ph3P extractant in benzene was carried out. The extraction percent for Pd(II) was found to increase when the phase ratio increases from 0.25 to 2 and then becomes constant afterwards. Further, the separation factor falls in its maximum value at equal volumes of the two phases (O/A =1).

3.3 Extraction Equilibrium

Palladium can form stable chloro-complexes such as PdCl+, PdCl2, PdCl3 and PdCl42 in acidic chloride solutions. At about 0.1 M Cl and higher, the predominant palladium species in solution19 is PdCl42.

Based on the above results, the following extraction equilibrium is proposed as:
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	(1)





Thus, the extraction constant can be calculated from the relation:
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	(2)
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	(3)





The average value of Kex calculated at different Cl and Ph3P concentrations was found to be (4.22  0.34)  104 for Pd(II).

3.4 Temperature Effect

The increase of temperature in the range 15C45C was found to decrease the extraction of 9.4  103 (1 g l1) Pd(II) when extracted by 0.01 M Ph3P in benzene from 1 M HCl solution. Plotting ln Kex values against the reciprocal of the respective absolute temperatures experimented (1/T) K1 yielded a straight line (Figure 6). The temperature effect on the metal extraction could be evaluated in terms of its thermodynamic parameters given in Table 2. The negative value of the enthalpy change (H) indicates that the extraction process is exothermic. The negative value of the free energy change (G) means that the extraction of palladium in the investigated system takes place via a spontaneous reaction and the positive entropy change (S) indicates the increase in the randomness of the system during extraction.
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Figure 6: Effect of temperature on the extraction of 9.4  103 M (1 g l1) Pd(II ) from 1 M HCl medium 0.01 M Ph3P in benzene at 25C and phase ratio (O/A) =1.




Table 2: Thermodynamic parameters for 9.4  103 M Pd(II) extracted from 1 M HCl by 0.01 M Ph3P in benzene.
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3.5 Stripping Investigations

Screening of stripping reagents such as distilled water, HCl (0.16 M), H2SO4 (0.15 M), HNO3 (0.15 M), NaOH (0.011 M), oxalic acid (0.11 M) and ascorbic acid (110%) was carried out at unit phase ratio to learn about the stripping behaviour of Pd(II) from the loaded Ph3P. It was observed that, the stripping percentage with the different investigated reagents is generally very poor. The use of 1 M stabilised thiosulfate solution20 was found to be efficient and the stripping percentage reached 70%.

3.6 Infrared investigations

To verify the chemical composition of the resulted palladium complex extracted by Ph3P, IR spectrum of Ph3P in benzene as diluent was carried out before and after palladium extraction from 1 M HCl. As shown in Figure 7, the absorption band in the spectrum of Ph3P at 914 cm1, pointing to phenyl ring vibrations, disappeared after palladium extraction. This may be attributed to the change in the symmetry of the three phenyl groups and loss of the induced dipole moment by coordination of palladium to phosphorus, which restricts the phenyl ring vibrations.

The strong phosphorus stretching vibration band observed at 1313 cm1 was shifted to lower frequency at 1188 cm1 when palladium was extracted which is in agreement with direct bonding of the palladium to phosphorus. The broad band at 3448 cm1 observed for Ph3P in benzene has disappeared from the IR spectrum of the extracted palladium complex. This absorption band is referred to the hydrogen bond of Ph3P with little water in the diluent. As a result, most probably palladium is mainly bonded to the phosphorus atom of Ph3P, which restricts the stretching vibrations of phenyl groups of Ph3P, supporting the extraction equilibrium proposed.
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Figure 7: IR spectrum of the extracted PdCl2 by Ph3P in benzene before and after extraction.



4. CONCLUSION

The extraction studies of palladium from hydrochloric acid medium with Ph3P, Ph3PO and Ph3PS show high extraction with Ph3P. The experimental results indicate that the extracted palladium species when using Ph3P is [image: images]. Increasing the temperature had a negative effect on the extraction of palladium metal giving an idea about the exothermic nature of the extraction process. Palladium could be separated in a pure form based on its trend in the extraction and stripping procedures. The use of 1 M stabilised thiosulfate solution was found to be efficient for stripping palladium from its loaded Ph3P-benzene solution and the stripping percentage reached 70%.
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Abstract: Biobased transformer oil was produced from Jatropha curcas seed oil. The oil was extracted from the seed using soxhlet extractor. The oil obtained from the Jatropha seed was degummed by washing down the fat with warm water and any water present was removed by MgSO4. The physiochemical characteristics of the refined oil were obtained as follows: the saponification value was 155 mg KOH g1 oil, peroxide value was 7.20 meq g1 oil, iodine value was 51.27 g 100g1 oil, free fatty acid was 0.0718 mg KOH g1 oil, neutralisation number (acid value) was 0.1428 mg KOH g1 oil, kinematic viscosity was 82 cst, oil share rate was 8.2%, density was 0.725 g ml1, boiling point was 124C, specific gravity was 0.8480, flash point was 150C, cloud point was 14C, pH was 5.15 and the dielectric strength was 22 kV. The above values obtained for the refined oil were found to be equivalent to that of the ASTM D Standards, hence the refined Jatropha curcas oil can be used in place of the conventional transformer oil since it is easily biodegradable and safe for the environment due to its low acid content.

Keywords: Biobased transformer oil, Soxhlet extractor, Jatropha curcas seed, ASTM standard

1. INTRODUCTION

Jatropha curcas is an ornamental, medicinal and multipurpose shrub belonging to the Euphorbiaceace family. The exact origin of Jatropha curcas is still a subject of debate, but generally it is known to have come from Mexico and other states of Central America and there is a growing agreement to that.1 It is widespread throughout arid and semi-arid tropical region of the world. Jatropha curcas has since spread to the Caribbean, Africa and warmer parts of Asia. It is a drought-resistance and perennial, living up to 50 years and growing on marginal soil.2

Jatropha curcas is a poisonous, semi-evergreen shrub or small tree, reaching a height of 6 m (20 ft). It is resistant to a high degree of aridity, allowing it to be grown in deserts. The seeds contain 2740% oil (average: 34.4%) that can be processed to produce a high-quality biodiesel fuel, usable in a standard diesel engine. The seeds are also a source of the highly poisonous toxalbumin curcin.3,4

The Portuguese learned about Jatropha's medicinal properties in the 16th century and later established commercial plantations for soap and lamp oil production on the cape verdian Islands and Guinea Bissua.1 Later, Jatropha genotypes adopted in western Africa were spread across the Portuguese colonies in Africa (Mazambique and Angola) and into Asia (India, China and Indonesia). Jatropha curcas now grows pan-tropically from Brazil to the tropical islands of Fiji.4

Jatropha has about 175 species in the world and is known by nearly 200 names indicating its occurrence in various countries.5 The leaves are large and light-green to green colour, and the seeds of the matured Jatropha curcas are brown in colour. Dormancy is induced by fluctuations in rainfall and temperature or light. Common names for this species include Barbados nut, black vomit nut, curcas bean, kukui haole, physic nut, purge nut, purgeer bontji and purging nut tree.6 Additionally, the species is known as Bindazugu in Hausa, Lapa-lapa in Yoruba and Wuluidu in Igbo.6

The seeds are matured when the capsule changes from green to yellow. The seeds contain around 20% saturated fatty acids and 80% unsaturated fatty acids and they yield 2540% oil by weight. The seed is black and oval in shape. In addition to seeds, Jatropha contains other chemical compounds such as saccharouse, raffinose, staclyose, glucose, fructose, galactose and protein. The oil is largely made up of oleic and linoleic acids. Furthermore, the plant also contains curcasin, arachidic, myristic, palmitic and stearic acid, and curcin.4

The oil can provide fuel for local uses and lamps. The Jatropha oil can also be used to produce high quality soaps. Additionally, the oil is used as fuels for jet, transformer and high hydrocarbon. The seed oil of the plant has been used as an ingredient in the treatment of rheumatic conditions itch and parasitic skin diseases, and in the treatment of fever, jaundice and gonorrhoea, as well as a diuretic agent and mouth wash.79 It has also been used as a source of fuel for stimulating hair growth and making candles and soap.6 The oil and aqueous extract from oil has been used in the control of insect pests of cotton including bollworm and on pests of pulses potato and corn.7

Transformer oil or insulating oil is usually a highly-refined mineral oil that is stable at high temperatures and has excellent electrical insulating properties. It is used in oil-filled transformers, some types of high voltage capacitors, fluorescent lamp ballasts, and some types of high voltage switches and circuit breakers. Its functions are to insulate, suppress corona and arcing, and to serve as a coolant. The oil helps cool the transformer. Because it also provides part of the electrical insulation between internal live parts, transformer oil must remain stable at high temperatures for an extended period. To improve cooling of large power transformers, the oil-filled tank may have external radiators through which the oil circulates by natural convection. Very large or high-power transformers (with capacities of thousands of kVA) may also have cooling fans, oil pumps and even oil to water heat exchangers.3

Transformer oil forms a very significant part of the transformer insulation system and has the important functions of acting as an electrical insulation as well as coolant to dissipate heat losses. Transformer oil will be obtained by fractional distillation and subsequent treatment of crude oil. Transformer oil consists of organic compounds namely parraffins, naphthenes, aromatics and olefins. All these compounds are hydrocarbons, so transformer oil is a pure hydrocarbon mineral oil.46

This paper was aimed at producing transformer oil that is non toxic, non-flammable, readily biodegradable and also produces transformer oil that can extend and enhance transformer life or the ability to carry higher loads during peak demand periods without leading to premature insulation failure. The result obtained was compared with the ASTM standard to determine if the bio-based oil can be used as replacement for the conventional transformer oil.

2. EXPERIMENTAL

Jatropha curcas seeds were collected from the Agronomy Department of the Institute of Agricultural Research, Ahmadu Bello University, Zaria. The dried seeds were dehulled. The dehulled seeds were then crushed into fine particles with the aid of mortar and pestle.

2.1 Oil Extraction and Degumming

Oil from the grinded Jatropha curcas seed was obtained using a soxhlet extractor, the solvent used was acetone and 500 g of the powdered Jatropha curcas seed was used.

2.2 Characterisation of Oil

2.2.1 Determination of saponifacton value (Sv)

2 g of the oil was placed in a 250 ml conical flask and 25 ml of 0.5M ethanol potassium hydroxide solution was added. A reflux condenser was attached and the flask content was refluxed for 30 min on a water bath with continuous swirling until it simmered.7 The excess potassium hydroxide was titrated with 0.5 M hydrochloric acid using phenolphthalein indicator while still hot. A blank titration was carried out under the same condition and the saponification value was calculated.








	SV = (B  S / Weight of sample)  28.5
	(1)





where B  S is the volume of HCL used, with

B = blank titre
S = real titre value

2.2.2 Peroxide value (Pv)

1 g of the oil was placed in a 250 ml conical flask and 30 ml glacial acetic acid/chloroform (3.2 v/v) was added. The contents were shaken until they dissolved. Saturated potassium iodide solution (1 ml) was added followed by the addition of 0.5 ml starch indicator solution.7 This was titrated with 0.1 M Na2S2O3 until the dark blue colour just disappeared. Blank determination was carried out without adding oil.








	Pv = [(R  B)  molarity of Na2S2O3] / (Weight of sample)
	(2)





where

R = real titre value determined
B = blank titre value

2.2.3 Iodine value (Iv)

1 g of the oil was placed in a 250 ml conical flask followed by 30 ml of Hanus solution and the flask, the contents mixed and placed in fume cupboard for exactly 30 min. Potassium iodide solution (10 ml of 15% w/v) was added to the flask washing down any iodide that was found on the stopper.79 This was titrated against 0.12 M Na2S2O3 until the solution became light yellow. Starch indicator (1%, 2 ml) was added and the titration continued until the blue colours just disappeared.

A blank titration was also carried out under the same conditions. The titre value was recorded and used to calculate the iodine value.








	Iv = [(B  R)  molarity of Na2S2O3 0.3  12.69] / (Weight of sample)
	(3)





where

B = blank titre value
R = titre value of real determinants

2.2.4 Free fatty acid (%FFA)

A titration set up was prepared. Here, 2 g of oil was placed in a 250 ml conical flask and warmed, which was followed by addition of two drops of phenolphthalein indicator. The content was then titrated with 0.14 M potassium hydroxide solution while shaking vigorously until a permanent light pink colour was observed.79 The end point was recorded and used to calculate the free fatty acid.

The percentage free fatty acid calculated using the formula below:








	%FFA = (titre  M) / (Weight of sample of oil used)
	(4)





where M = Molarity of the base (KOH)

2.2.5 Acid value determination

The relationship between acid value and percentage free fatty acid was established as follows:9








	Acid value = [(Vb)  N  56.1] / W
	(5)





	Percentage free fatty acid = [(y  N) / W]  28.2
	(6)








where

W = weight of sample in g
V = titration value for sample in ml
B = titration value for blank in ml
N = normality of KOH

2.2.6 Viscosity determination

Digital electronic viscometer was used for the viscosity test. The digital electronic viscometer measures fluid viscosity at a given share rate. Viscosity is a measure of a fluids resistance to flow.

The principle of operation of the digital electronic viscometer is to rotate a spindle (which is immersed in the test fluid) through a calibrated spring. The viscous drag of the fluid against the spindle deflection was measured by the spring deflection. Spring deflection was measured with a rotary transducer, which provides a torque signal. The measurement range of the digital electronic viscometer was determined by the rotational speed of the spindle, the size and the shape of the spindle rotating, and the full-scale torque of the calibrated spring.79

2.2.7 Density determination

The weight of a small beaker was determined using an electronic weighing balance. 2 ml of the oil was poured into it and the weight was noted.








	Density = (Mass of oil) / (Volume of oil weight)
	(7)





2.2.8 Boiling point determination

The oil was placed in a container with an inserted thermometer and heated to the time the first bubble was observed. The temperature was noted, the experiment was repeated twice and the average temperature calculated.

2.2.9 Determination of specific gravity

An empty container was weighed. The container was filled with water and weighed. The container was then filled with the same volume of oil as that of the water and weighed. The specific gravity is calculated with formula shown below.








	Specific gravity = (W3  W2) / W1
	(8)





where

W3 = weight of container and oil
W2 = weight of empty container
W1 = weight of equal volume of water

2.2.10 Determination of flash point

An improvised method was used to determine the flash point. A conical flask (150 ml) was filled with 2 ml of oil and heated at as low constant rate on the hot plate. The flash point was obtained when application of a test flame causes the vapour above the oil to ignite.79

2.2.11 Determination of cloud point

The cloud point is the highest temperature at which the oil begins to solidify. A little quantity of the oil was placed into a test tube and paled on an ice bath and a thermometer fixed. The temperature at which the oil begins to condense was recorded as the cloud point.79

2.2.12 Determination of pH

The pH is the degree of the acidity of the oil. The pH meter's electrode was lowered into a buffer solution, with the temperature then adjusted to 50C using the temperature regulator. The instrument was then calibrated at a buffer of pH 7. The electrode was then removed from the buffer and rinsed with distilled water. Next, it was then dipped into the test tube containing the oil and the pH on the screen of pH meter was recorded.79

2.2.13 Determination of dielectric strength of the oil

Megger oil test set (OTS 60PB) equipment was used in testing the dielectric strength of the oil commonly referred to as breakdown voltage. The instrument is an automatic machine that can assess the quality of oil based on American Society for Testing and Materials (ASTM). The oil sample was placed between two electrodes with a 2.5 mm gap. A constant increasing voltage was applied until the oil discharges at a certain kV, the kV was recorded as the breakdown voltage.79

The Breakdown Analyser 100 dielectric oil tester was used for the dielectric test. This analyser breaks down voltage from DC to AC.

2.2.14 Determination of pour point

A manual method was used to determine the pour point. The oil was cooled inside a cooling bath to allow the formation of paraffin wax crystals. At about 9C above the expected pour point, and for every subsequent 3C, the test tube was removed and tilted to check for surface movement. When the specimen does not flow when tilted, the test tube was held horizontally for 5 s. It does not flow and 3C was added to the corresponding temperature and the result was the pour point temperature.79

3. RESULTS AND DISCUSSION

In most plants, seed oil contains phosphatides in the form of lecithin. A large part of those phosphates was removed by water degumming. It was observed that once these phosphatides were removed in the form of lecithin, no further appearances of gums or waxes in the oil took place and this resulted in the production of oil with a good colour and without taste or smell. The oil remains fit for storage and transportation for a long time (23 years).11

It was also observed in a previous study that the phosphatides, if present in the oil, did not combust completely in engine and therefore results in carbon deposits and thickening of lubrication.12 This problem can therefore be solved by removing phosphatides by degumming as shown in the present study. The obtained by-product of this process (lecithin) has a wide range of commercial applications. Industrially produced lecithin (mainly as by-product) from petroleum refinery can be used in food and beverages, medicine, cosmetics, tobacco, lubricant, gasket and cork products, urethane polymer, and soap production.


Table 1: Characteristics of the prepared Jatropha curcas seed oil.
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Iodine value is a measure of the unsaturation level and the reactivity of the oil. The higher the iodine value, the greater the degree of unsaturation is, thus the more fluid. The iodine value was found to be 51.27 g 100 g1 oil as shown in Table 1. The value is below 100 and as such the oil can be classified as non-dry oil. This value also represents the decrease in unsaturation of oil,12 which is beneficial in the sense that the lower the unsaturation of oils and fats, the greater will its oxidation stability be.

It was noticed that oil with high iodine, cloud and pour point values exhibits poor cold performance. Oxidation of lipids is a major cause of their deterioration, and hydroperoxide formed by the reaction between oxygen and the unsaturated fatty acids are the primary products of these reactions. Hydroperoxide has no flavour or odour but breaks down rapidly to form aldehydes, which have disagreeable flavour and odour.13

Saponification value is a measure of the alkali reactive groups in fats and oils and is useful in predicting the type of glycerids in an oil sample. Saponification value is obtained by determining potassium hydroxide in mg required to saponify 1 g of fat. Jatropha curcas oil with low saponification value of 155 mg KOH g1 oil as shown in Table 1 was found better because oil with high saponification value causes exhaust emissions during burning of the engine.14

Saponification value indicates the average molecular weight of the oil. Measuring saponification value means molecular mass can be obtained. Saponification value is inversely related to mean molecular mass. A higher saponification value indicates that there is a greater portion of low molecular weight fatty acids. Furthermore, the oil of this seed was found to have a saponification value of 155 mg KOH g1 as shown in Table 1. High value of acid can indicate the presence of oxidation products in the oil bath; this can cause corrosion and sludge in your system.11

Peroxide value is a measure of extent of glycerides constituent decomposition by lipase action, which is added by light, air and moisture. It is also an indication of the level of rancidity of the oil. In the present study peroxide value of Jatropha curcas oil was found to be 7.20 meq g1 oil as shown in Table 1 indicating that the oil is still good and it has low level of rancidity. A low peroxide value, as seen in the present study, increases the suitability of the oil for a long-time storage due to a low level of oxidative and lipolytic activities. Refining of oils can result in considerable decrease of peroxide value of various oils. This low value of 7.20 meq g1 shows the efficiency of the refining process of this study and this makes the oil ideal for consumption and storage.14

Viscosity is the most important property of transformer oil since it affects the operation of fuel injection equipment, particularly at low temperature when an increase in viscosity affects the fluidity of the fuel. Jatropha seed oil with viscosity of 8.2 cst as shown in Table 1 is close to that of diesel fuels. As the oil temperature increases, its viscosity decreases. High viscosity leads to poorer atomisation of fuel spray and less accurate operation of fuel injection. The lower the oil viscosity, the easier it is to pump and atomise, and achieve finer results. A low viscosity of 8.2 cst for Jatropha oil is good in this aspect. The operating temperature greatly affects the viscosity of a fluid though the viscosity of the Jatropha seed oil was taken at 27C. For example, inside a transformer tank, the temperature varies considerably depending on the loading ambient temperature and it rises excessively especially during faults. Usually at a higher temperature, the viscosity becomes lower. This shows that there is an inverse relation between viscosity and temperature. For a smooth oil operation in electrical equipment, the temperature needs to remain around the mild range.15

The dielectric strength of insulating oil is a measure of the oil to withstand electric stress without failure. It is a term used to described or define an electric insulating material. Contaminants such as water, sediments and conducting particles reduce the dielectric strength of insulating oil. Combination of these tends to reduce the dielectric strength to a greater degree. Clean, dry oil has an inherently high dielectric strength but this does not necessarily indicates the absence of all contaminates; it merely indicates that the amount of contaminant present between the electrodes is not that large enough to affects the average breakdown voltage of the oil.10

Dielectric strength possesses a good correlation with the turbidity of oils; low turbidity represents better dielectric strength. Most crude form of oils has a very high turbidity and a low breakdown voltage. Further purification of vegetable oils can be carried out which will reduce the turbidity and hence raises the breakdown voltage.15

A higher density means more mass of fuel per unit volume. In this case, the vegetable oil has a higher density compared to crude oil. Jatropha seed oil has a density of 0.725 g cm3, which is high. The higher mass of oils would give higher energy available for work output per wit volume.11

Flash point is the temperature at which oil produces a certain vapour that mixes with air and forms an ignitable mixture, resulting in a momentary flash or flame under prescribed conditions. A minimum flash point is specified in order to prevent the risk of fire that might result in accidental ignition. Flash point is an important specification for safety during transport, storage and handling.11 The flash point of Jatropha curcas seed oil was found to be 150C (Table 1). This value is good in preventing accidental ignition. The flash point has shown that the oil can safely be used even where the temperature is expected to be very high.11 The limit expected for most applications is 100C. The appearance and the relative density are in agreement with the standard limit. With a flash point of 150C, Jatropha curcas oil can prevent auto ignition and fire hazard at high temperatures during transportation and storage. Oils with flash point above 66C are considered as safe oils.10

Two important parameters for low temperature applications of a fuel are cloud point and pour point. Cloud point is the temperature where wax begins to appear visible when the fuel is cooled, while the pour point is the temperature where the amount of wax from a solution is sufficient to gel the oil. In other words, it is the lowest temperature where the oil can flow. The cloud point for Jatropha curcas oil is 14C (Table 1), which means that the oil can perform satisfactorily even in cold climatic conditions. The higher cloud point can affect the engine performance and emission adversely under cold climatic conditions.

The pour point of 4C for Jatropha curcas oil is low. In general, a higher pour point often limits the area of oils as fuels for transformer in cold climatic conditions. Cloud and pour point are criteria used for low temperature performance of oil.

When the ambient temperature is below the pour point, wax precipitates in the vegetable oil and it loses its flow characteristics. Wax can block the filters and fuel supply line. Under these conditions, fuel cannot be pumped through the machine. Therefore, the pour point should be low so that oil can remain flowing even at low temperature.1


Table 2: Transformer oil specifications of the ASTM standard.
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Table 3: The properties of diesel, Jatropha oil and transformer oil.
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4. CONCLUSION

The results obtained from the characterisation of the refined Jatropha curcas seed oil shows that the seed oil is of good quality, because there is a reasonable agreement between the values obtained and the ASTM specifications. The chemical and electrical tests, especially the acidity and the break down voltage are the most important specifications for transformer oil, all of which correspond to the ASTM specifications. Transformer oil spill or leak has always been a challenge, particularly the cleanup and remediation aspects. As a result, environmentally friendly oil can be use as substitutes in transformers and transmission lines, thereby reducing losses and minimising remedial procedures in case of oil spills.

A biodegradable transformer oil represents significant potential savings for utilities because it should simplify the clean up and remediation procedures. However, the real savings are realised in case of leakage or spill. This is particularly true for utilities in environmentally sensitive areas where spills or leaks can be a threat to marine life. The new transformer oil could also represent a large and profitable market for Jatropha curcas farmers.
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Abstract: Transfer of Zn(II) ions from a mixed sulphate and thiocyanate solution through a supported liquid membrane (SLM) containing CYANEX 925 in kerosene as carrier has been studied as a function of stirring rate, [H+], [CYANEX 925], [SCN-], [H2SO4] and ammonia solution concentrations. The experimental results show that the transfer of Zn(II) ions increases with the increase in stirring rate, thiocyanate concentration in the feed and concentration of NH4OH used as the stripping solution. The transfer experiments of Zn(II) from its admixture with Co(II) indicated that Zn(II) could be extracted more than Co(II) by CYANEX 925; the transfer rate increased with time. The investigated SLM system could be used for removal of Zn(II) from an aqueous mixed thiocyanate/sulphate medium of [H+] = 0.01. In addition, the present system is selective for Zn-Co separation from aqueous mixed thiocyanate/sulphate medium. This selectivity was found to decrease with time and a maximum value of 25 is reached after 60 min. Repeated transfer of Zn(II) individually and from its admixture with Co(II) through the same membrane film with reasonable efficiency indicate that the used SLM is stable and durable.

Keywords: Separation of Zn (II), supported liquid membrane, separation of Co(II), sulphate/thiocyanate medium, hydrometallurgical processing

1. INTRODUCTION

Liquid membrane is one of the most important separation processes which is explored for the hydrometallurgical processing of heavy metals, rare earths, purification of wet process phosphoric acid, nitric acid recovery, etc. In the purification-separation of these metal ions, liquid membranes play a vital role. Liquid membranes first invented by Li1 remove the equilibrium limitations of solvent extraction by combining extraction and stripping in a single operation. In the past years, the use of liquid membranes has gained a general interest in the treatment of effluents where solute concentrations are low and large volumes of solutions could be processed.2,3 There are two basic forms of liquid membrane processes: emulsion liquid membranes (ELMs) and supported liquid membranes (SLMs).

Zinc, which is one of the elements studied in this work, is used in galvanising iron in making alloys and metallic coating to improve corrosion resistance of various types of steel. It is also used in rubber industry, ceramics and pharmaceuticals. The transport through liquid membranes has been experimentally successful in the hydrometallurgical field for the recovery and separation of Zn(II) ions in wastewater.412 Significant advances in zinc recovery by liquid membranes has gained a general interest in plant scale by Draxler and Marr in the application of ELMs,13 but disadvantages have been discovered in the processes of operations with liquid membranes. One disadvantage of ELMs is that the emulsion swells upon prolonged contact with the feed stream, causing a reduction of the stripping reagent concentration in the aqueous droplets, which reduces stripping efficiency. A second disadvantage is membrane rupture, resulting in leakage of the contents of the aqueous droplets into the feed stream and a concomitant reduction of separation efficiency. In the case of SLMs, among its advantages are high selectivity of the process, modest capital and operating costs, low energy consumption, and the possibility of using expensive extractants.

Organophosphorus extractants are a good choice for metal extraction due to their solvation properties related to the basic properties of the oxygen atom, as well as their chemical stability and low solubility in water. These extractants have been widely used for the separation and recovery of Zn(II) from HCl medium.14,15 Regel et al.16 used CYANEX 921, a mixture of 4 trialkylphosphine oxide (CYANEX 923), bis(2,4,4-trimethyl pentyl) monothio phosphinic acid (CYANEX 302), Alamine 336, tri-n-octyl phosphine oxide (TOPO) and tri-n-butyl phosphate (TBP) for the recovery of zinc and concluded that TBP is relatively the best extractant for the recovery process. Liquidliquid extraction of Co(II) and Zn(II) from NH4SCN/H2SO4 media by methylisobutyl ketone (MIBK) has been studied systematically.17

The influence of sulphuric acid concentration on the percentage of extraction of Co(II) and Zn(II) has been discussed and the separation of Zn(II) from Co(II) was found to be possible when [NH4SCN] is 0.5 mol and [H2SO4] is about 2 mol l1; under these conditions the separation factor (SZn/Co) is around 580. The extraction of Zn(II), Fe(II), Fe(III) and Cd(II) with tributylphosphate (TBP) and commercial trioctylphosphine oxide (CYANEX 921) in kerosene from chloride medium has been studied.18 Based on the obtained results, undiluted TBP was selected as a suitable extractant for the recovery of zinc from pickling solution resulting from hot dipping galvanising bath.

As sulphate is a common aqueous medium in many industrial applications, the extraction of zinc from sulfuric media has experienced a renewed interest because of the use of this process on a commercial scale for treating wastewater streams and secondary materials.19 On the other hand, the presence of the thiocyanate ion in the aqueous medium can increase the extraction of metal ions from other media. In this context, the present work is directed to study the transfer of Zn(II) and Co(II) from mixed sulphate and thiocyanate solutions through a supported liquid membrane (SLM) impregnated with CYANEX 925 in kerosene.

The effects of the different parameters affecting the transfer rate and permeability coefficient of the used SLM for Zn(II) and Co(II) were separately investigated. Therefore, the individual transfer of Zn(II) was studied as a function of stirring rate, [H+], [CYANEX 925], [SCN-], [H2SO4] and ammonia solution concentrations. In addition, the transfer of Zn (II) from its admixture with Co (II) was investigated. The results are elaborated to assess the optimum conditions for maximum recovery of Zn(II) and Co(II) from aqueous sulphate solutions using SLM. The selectivity and durability of the used membrane for Zn(II)/Co(II) separation is also discussed.

2. EXPERIMENTAL

2.1 Chemicals and Reagents

Most of the chemicals, materials and reagents used in this work are of analytical reagent (AR) grade. Double distilled water is used for preparation of all aqueous solutions and final washing of glassware. The commercial extractant CYANEX 925 (a mixture of branched chain alkylated phosphine oxides), was kindly offered by Cytec Inc. and used as received. Odourless kerosene was supplied from Misr Petroleum Company, Egypt.

2.2 Procedure

2.2.1 Preparation of solutions

The aqueous phase of 0.005 M Zn(II) and 0.005 M Co(II) stock solutions were prepared by dissolving a known weight of zinc sulphate and cobalt sulphate in a mixed solution of 0.1 M NH4SCN and 0.1 M H2SO4. All the extraction and stripping experiments were carried out at ambient temperature 25  1C.

2.2.2 Determination of Zn(II) and Co(II)

Based on the formed soluble complex between Xylenol Orange and Zn(II) at pH 6,20 the concentration of Zn(II) in the aqueous thiocyanate solution was spectrophotometrically21 determined by measuring its maximum absorbance at 570 nm using a Shimadzu double beam recording spectrophotometer model 160 A.

The concentration of cobalt in aqueous solution was spectrophotometrically determined based on the colour of the water soluble complex formed between PAR and cobalt (II) at pH 8.2.22 The spectrum of Co(II) shows the maximum absorption peak at 510 nm.

2.2.3 Mass transfer investigations through SLM cell

In the mass transfer reactions through the SLM, the support membrane film (cellulose nitrate or mixed cellulose ester, MFS, USA) was soaked in the CYANEX 925/kerosene solution for 24 h, washed with distilled water to remove excess extractant then dried between two filter papers. The membrane was fixed between the two half-cells (Figure 1). One compartment was filled with the feed solution and the other with the strip solution (70 ml each). The two solutions were independently stirred with mechanical stirrers and in all experiments both feed and stripping solutions were stirred at the same speed. The experiments were performed at 25  1C. The experiment began by starting the stirring motors in the two compartments of the cell. Equal aliquots were withdrawn from the two compartments at different time intervals, and the concentration of the metal in these aliquots was analysed as mentioned before.
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Figure 1: Thin sheet supported liquid membrane.



3. RESULTS AND DISCUSSION

According to the previous results obtained from the liquid-liquid extraction of Zn(II) and Co(II) from aqueous medium,23 the optimum conditions for Zn(II) extraction and stripping were used for the transfer of both Zn(II) and Co(II) through the flat sheet supported liquid membrane presented in this work.

In this respect, two sets of kinetic experiments through the cell were carried out. In the first set of experiments the effects of stirring rate, [H+], [CYANEX 925], [SCN-], [H2SO4], and ammonia solution concentrations on the individual transfer of Zn through the SLM were separately studied. In the second set of experiments the optimum conditions derived from the individual transfer experiments of Zn were used to study its transfer from its admixture with Co(II).

The apparent rate constant (k) of metal ion transfer was obtained from the slope of ln C/Co vs. t plot according to the relation:








	ln C/Co =  kt
	



	or
	



	log C/Co =  kt. 2.303
	(1)





where Co is the initial concentration of metal ion in the feed and C its concentration at time t.

Based on the value of k, which was obtained from the slope of the plot of C/C0 against t on semi- log graph, the permeability coefficient (P) of the membrane was calculated according to the following equation:24








	P = kV / Aε
	(2)





where V is the volume of the feed solution, A is the area of the membrane film and ε is its porosity.

The values of P under different conditions are calculated and given in Table 1.


Table 1: Effect of stirring rate, sulfuric acid, hydrogen ion, CYANEX 925, ammonium thiocyanate and ammonia solution concentrations on the permeation rate and permeability coefficient of Zn(II) transfer through SLM impregnated with CYANEX 925 in kerosene.
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3.1 Transfer of Zn(II) through SLM Impregnated with CYANEX 925 in Kerosene

In supported liquid membranes, the metal permeation process starts by diffusion of the metal from the feed solution to the external membrane layer followed by chemical reaction of the metal with the extractant at the external membrane interface.

3.1.1 Effect of the nature of the supporting film

To evaluate the effect of the nature of the supporting film on the permeability and the selectivity of the SLM, two membrane films, namely, cellulose nitrate and mixed cellulose ester, with different chemical composition, pore size, thickness (dm) and porosity (ε) were tested under the same experimental conditions of aqueous feed solution, stripping solution and carrier concentrations and the results obtained are shown in Table 2.


Table 2: Influence of the nature of the support used in the membrane phase on the Zn(II) transfer through SLM impregnated with CYANEX 925 in kerosene.
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The tabulated data show that the permeability of Zn(II) changes with the change in the membrane material and cellulose nitrate was found to give higher permeability of Zn(II) compared with mixed cellulose ester under similar experimental conditions. Therefore, cellulose nitrate was used as support in all the SLM experiments carried out in this work.

3.1.2 Effect of stirring speed

As the stirring speed is a hydrodynamic parameter, its effect on the diffusion process is more pronounced, i.e., as the stirring speed increases the diffusion process increases gradually until a region is reached where the diffusion remains constant with any further increase in the speed. Accordingly, the effect of stirring speed was studied by equally varying the stirring rate of the feed and strip solutions in the range 150300 rpm range while fixing the other parameters.

The plot of C/Co as a relation versus t (on a semi-log graph of Figure 2), indicates that the increase in the stirring speed increases the diffusion process until a constant value is reached after 5.4  103 seconds at 250 rpm or more (Figure 2). In this region the diffusion contribution of the metal ions from the feed to the external layer of the membrane and through the aqueous film of the membrane surface to the strip solution is constant. Therefore, a stirring speed of 250 rpm was chosen for the investigations carried out on the effect of the other parameters on the permeation process.
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Figure 2: Effect of stirring rate on the transfer of Zn(II) through SLM in the aqueous mixed sulphate and thiocyanate solutions ([Zn (II)] = 0.005 M, [NH4SCN] = 0.1 M, [H2SO4] = 0.01 M, [H+] = 0.01, [Na2SO4] = 0.49 M, [NH3] Soln. = 1 M, [CYANEX 925] = 0.015 M).



3.1.3 Effect of carrier concentration

The effect of CYANEX 925 concentration on the permeation of 0.005 M Zn(II) dissolved in mixed sulphate/thiocyanate solution was studied in the range of (7.5  103 M)(4  102 M). It was observed that the rate of transfer (Figure 3) and permeability coefficient of the SLM for Zn(II) increases by increasing the carrier concentration till 0.025 M (Table 2).
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Figure 3: Effect of CYANEX 925 concentration on the transfer of Zn(II) through SLM from the aqueous mixed sulphate and thiocyanate solutions ([Zn (II)] = 0.005 M, [NH4SCN] = 0.1 M, [H2SO4] = 0.01 M, [H+] = 0.01, [Na2SO4] = 0.49 M, [NH3] Soln. = 1 M).



3.1.4. Effect of hydrogen ion concentration in the feed solution

The effect of hydrogen ion concentration, when keeping the concentration of NH4SCN constant at 0.1 M, on the transfer rate of 0.005 M Zn(II) through the SLM impregnated with 0.015 M CYANEX 925/kerosene solution was investigated in the initial [H+] range 0.0050.4 M, while keeping constant the [SO42] at 0.5 M by using sodium sulphate salt. The increase in hydrogen ion concentration in the investigated range was found to decrease the transfer rate (Figure 4) and the permeability coefficient of the SLM for Zn(II), as in Table 2.
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Figure 4: Effect of hydrogen ion concentration on the transfer of Zn(II) through SLM impregnated with CYANEX 925 in kerosene from the aqueous mixed sulphate and thiocyanate solutions ([Zn (II)] = 0.005 M, [NH4SCN] = 0.1 M, [CYANEX 925] = 0.015 M, [NH3] Soln. = 1 M).



3.1.5 Effect of sulphuric acid concentration in the feed solution

The effect of sulphuric acid concentration in the feed solution on the transfer rate of metal ions was investigated in the range of 0.0051.5 M, while keeping all other experimental conditions fixed as mentioned in the experimental section. The results of C/Co versus t as a semi-log relation are shown in Figure 5, indicating that the rate of Zn(II) transport decreases as the sulphuric acid concentration increases and also the permeability coefficient of the SLM for Zn(II) decreases.
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Figure 5: Effect of H2SO4 concentration on the transfer of Zn(II) through SLM impregnated with CYANEX 925 in kerosene from the aqueous mixed sulphate and thiocyanate solutions ([Zn (II)] = 0.005 M, [NH4SCN] = 0.1 M, [CYANEX 925] = 0.015M, [NH3] Soln. = 1M).



3.1.6 Effect of thiocyanate ion concentration in the feed solution

The effect of increasing the thiocyanate concentration in the feed solution on the transfer rate of Zn(II) was studied in the range 0.010.5 M. The results of C/Co versus t relation shown in Figure 6 indicate that the increase in the thiocyanate concentration in the investigated range increases the transfer rate and the permeability coefficient of SLM for Zn(II) in the system (Table 2).
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Figure 6: Effect of NH4SCN on the transfer of Zn(II) through SLM impregnated with CYANEX 925 in kerosene from the aqueous mixed sulphate and thiocyanate solutions ([Zn(II)] = 0.005 M, [CYANEX 925] = 0.015M, [H2SO4] = 0.01 M, [H+] = 0.01, [Na2SO4] = 0.49M [NH3] Soln. = 1M).



3.1.7 Effect of concentration of the stripping solution

Since the extraction and stripping processes in SLM system are carried out simultaneously, it is significant to explore the effect of strippant concentration in the stripping phase in order to enhance the metal ion transfer by making efficient stripping process at the interface of the membrane and receiving solutions. As found by solvent extraction experiments,24 NH4OH solution is an efficient stripper for Zn(II) ions from loaded CYANEX 925/kerosene solution. Therefore, the study will be mainly directed to ammonia solution. The effect of NH4OH solution concentration in the stripping side on the transport rate of the metal ion investigated in the range 0.15 M showed that that the transfer rate of Zn(II) increases as the NH4OH concentration increases from 0.1 to 3 M, then decreases with further increase in NH4OH concentration (Figure 7).
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Figure 7: Effect of ammonia solution concentration on the transfer of Zn(II) through SLM impregnated with CYANEX 925 in kerosene from the aqueous mixed sulphate and thiocyanate solutions ([Zn (II)] = 0.005 M, [NH4SCN] = 0.1 M, [H2SO4] = 0.01 M, [H+] = 0.01, [Na2SO4] = 0.49 M, [CYANEX 925] = 0.015 M).



3.2 Transfer of Co(II) and Zn(II) from their Admixture

In this set of experiments the transfer rate of Co(II) and Zn(II) from a feed solution containing a mixture of 5  103 M Co and 5  103 M Zn was also studied when using 0.025 M CYANEX 925 in kerosene as carrier. The results of the relative transfer of Co from this mixture, represented as the C/Co vs. time t as a semi-log relation, shown that the transfer rate of Co(II) is nearly not affected by the increase in contact time (Figure 8). On the other hand, the transfer rate of Zn(II) in presence of Co(II) increased gradually with the increase in contact time.
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Figure 8: Effect of time on the transfer of metal ions through SLM impregnated with CYANEX 925 in kerosene from its admixture under the optimum conditions of Zn(II) transfer ([Zn (II)] = 0.005 M, [NH4SCN] = 0.1 M, [H2SO4] = 0.01 M, [H+] = 0.01).



3.3 Selectivity of the SLM System

The difference in the kinetic behaviour of Zn(II) and Co(II) in the investigated system could be used to favour the selectivity of the investigated system for the removal of Zn in the presence of Co. The selectivity of one ion over the other is defined as the ratio of their respective enrichment factors,25 is given as:








	S = YZn / YCo
	(3)





where S is the selectivity and Y is the enrichment factor.

The enrichment factor of zinc or cobalt is given by the following relation:








	Y =[Cs] / [Cf]
	(4)





where, [Cs] and [Cf] represent the concentration of the species in the stripping and feed solutions at time t, respectively, 25 under similar experimental conditions.

The selectivity of the used SLM for Zn-Co separation was calculated at different time intervals from the ratio of their maximum enrichment factors show that a maximum selectivity of 25 is reached after 60 min (Tables 3 and 4).


Table 3: Enrichment factor (Y) of Zn(II) and Co(II) from their mixture in the investigated SLM at the optimum conditions* of the transfer of zinc through the SLM system at different time intervals.
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Table 4: Selectivity (S) of Zn(II) / Co(II) separation in the used SLM at different time intervals.
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3.4 Membrane Stability and Durability

The performance of the SLM depends not only on the permeation and the selectivity of the membrane but also on its stability. Although, the present system (CYANEX 925 dissolved in kerosene and supported on cellulose nitrate film) is stable enough to transfer almost Zn(II) in the feed solution to the strip solution, it is of interest to investigate its stability for long term operation. The stability of the SLM was tested by carrying out the transport experiments repeatedly using the same membrane impregnated with 0.025 M CYANEX 925 in kerosene under the optimum conditions for maximum Zn-Co separation.

Five consecutive runs, each of 150 min were performed using fresh solutions in both compartments for each run. The results of the relative transfer of Zn(II) with and without Co(II), represented as the C/Co vs. time t on a semi-log relation, show a gradual increase in the transfer rate of Zn(II) with the increase in contact time but a gradual decrease in the rate transfer of Zn(II) is observed with the increase in the number of runs (Figure 9).
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Figure 9: Effect of time on the transfer of Zn(II) through SLM impregnated with CYANEX 925 in kerosene under the optimum conditions of Zn(II) transfer for five runs: (a) without Co(II), (b) with Co(II). ([Zn(II)] = 0.005 M, [NH4SCN] = 0.1 M, [H2SO4)] = 0.01 M, [Co(II))] = 0.005 M, [Na2SO4] = 0.49M, [NH3]Soln. = 3M, [CYANEX 925] = 0.025 M, [H+] = 0.01).



The percent extraction at the different investigated runs is shown in Figure 10. It is clear from the results obtained that the SLM formed by cellulose nitrate membrane supporting 0.025 M CYANEX 925 dissolved in kerosene as carrier is quite stable, where the extraction percent Zn(II) with and without Co(II) gradually decreases. The extraction percent of Zn(II) without Co(II) is higher than with Co(II). It is found that the extraction percentage of Zn(II) without Co(II) decreases from 73% to 45% while the percent with Co(II) decreases from 55.7% to 36.9% after five runs.
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Figure 10: Effect of number of runs on the transfer of Zn(II) through SLM impregnated with CYANEX 925 in kerosene under the optimum conditions of Zn(II) transfer for five runs: (a) without Co(II), (b) with Co(II). Conditions: [Zn(II)] = 0.005 M, [NH4SCN] = 0.1 M, [H2SO4)] = 0.01 M, [Co(II))] = 0.005 M, [Na2SO4] = 0.49M, [NH3] Soln. = 3M, [CYANEX 925] = 0.025 M [H+] = 0.01.



4. CONCLUSION

From the aforementioned results and discussions, the following are concluded:


	The individual transfer experiments of Zn(II) through a cellulose nitrate membrane impregnated with CYANEX 925 in kerosene increased with the increase in stirring rate, thiocyanate concentration in the feed, and molarity of NH4OH used as the stripping solution.

	The transfer experiments of Zn(II) from its admixture with Co(II) showed that Zn(II) could be extracted more than Co(II) by CYANEX 925; the transfer rate increased with time.

	The investigated SLM system could be used for removal of Zn(II) from an aqueous mixed thiocyanate/sulphate medium of [H+] = 0.01. In addition, the present system is selective for Zn-Co separation from aqueous mixed thiocyanate/sulphate medium, and this selectivity decreases with time and a maximum value of 25 is reached after 60 min.

	The SLM system is economic and efficient where the same membrane film can be used for more than one run.
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Abstract: Silver possesses a good antimicrobial effect, which has been long used for treatment related to bacterial infections. The antimicrobial effects of silver in its nanoparticles form have not been clearly understood but it is expected to exhibit better effects than in its pure form. The use of microorganisms in the synthesis of silver nanoparticles emerges as an eco-friendly and sustainable approach. In this study, the antimicrobial effects of silver nanoparticles synthesised through reduction of silver nitrate with mycelia and culture supernatant of Schizophyllum commune is reported. The antimicrobial activities of silver nanoparticles are tested against Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Aspergillus niger and Candida albicans. Results showed that silver nanoparticles synthesised by interaction silver nitrate with mycelia fungus, when treated with Staphylococcus aureus and silver nanoparticles synthesised by interaction of silver nitrate and culture supernatant treated with Staphylococcus epidermidis, gave the largest inhibition area. However, no inhibition area was identified when silver nanoparticles were interacted with Aspergillus niger. Minimum inhibitory concentration and minimum bactericidal concentration/minimum fungicidal concentration are also conducted in this study. This study significantly showed that silver nanoparticles are powerful antibacterial and antifungal agent against various pathogens.
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1. INTRODUCTION

The term bionanotechnology refers to the intersection of nanotechnology and biology.1 In recent years, the application of bionanotechnology is gaining a tremendous impetus. One major area in bionanotechnology is the biosynthesis of nanoparticles such as Ti/Ni bimetallic nanoparticles,2 alginate,3 magnesium, gold4 and silver.58 These noble nanoparticles serve as a platform for drug, gene delivery9 and cancer treatments10 for biomedicine applications. The characteristics and functionality of noble nanoparticles are closely related on their size, shape and controlled on monodispersity. Typical top-down synthesis methodologies involve complex chemical processes that use high temperature, high pressure and finally the release of toxic pollutant to environment. Consequently, bottom-up biological nanoparticles synthesis has been explored as an alternative in developing environmentally friendly nanoparticles synthesis processes.11

Among these noble nanoparticles, silver nanoparticles have been shown to have strong inhibitory and bactericidal effects as well as a broad spectrum of antimicrobial activities. With the emergence and increase of infectious diseases caused by various pathogenic microbial organisms which resist multiple antibiotics,12 the interest of synthesising silver nanoparticles is acknowledged.13 For instance, silver nanoparticles have been studied to control bacterial growth in a variety of applications including dental work,14 catheters,15 prostheses16 and wound healing.17 It was also reported that silver nanoparticles have shown to be powerful biocides against bacteria,1821 fungi22,23 and virii.2427

Researchers have shown that silver nanoparticles like their pure form exhibit effective antimicrobial agent against various pathogenic microorganisms.18,2832 Although antimicrobial effects of silver are renowned, bactericidal and fungicidal mechanism are still undetermined. It has been proposed that bactericidal mechanism happens due to the release of silver ions which generates reactive oxygen species (ROS)29,33,34 and causes the deposition of silver sulfur granules on the microbial cell wall,35 whereas others reported that the interaction of silver ions (Ag+) interact with vital enzymes such as NADH dehydrogenases resulting in the uncoupling of respiration from ATP synthesis hence causing their inactivation.36,37 It was also reported that exposure of Ag+ to bacterial cells would suffer morphological changes such as cytoplasm shrinkage and detachment of cell wall membrane, DNA condensation and cell membrane degradation.35 Although antifungal38 and antiviral26,39 activities have been reported, the mechanistic action of silver on fungi and viruses are still unverified.

This study involves biosynthesis of AgNPs in three modes: intracellular, extracellular secretion from fungus mycelium and through culture-free supernatant of Schizophyllum commune. This study also relates the identification of antibacterial and antifungal properties of AgNPs produced by filamentous fungus strain Schizophyllum commune. Although there are literatures reporting on successful biosynthesis of AgNPs, however biosynthesis of AgNPs using fungi strains is limited. Filamentous fungi are of particular interest because they are able to secrete large amount of enzymes for the synthesis of AgNPs, and capable to produce highly stable nanoparticles.40

As reported, biosynthesis of metallic nanoparticles by downstream process is much easier and is also environmentally friendly.41 The reduction of silver nitrate into silver nanoparticles is clearly visible when the sample solutions change its colour from colourless to brown with increasing intensity.42 The brown colour of the solution was due to the excitation of AgNPs in surface plasmon vibration. This study would reveal the antibacterial and antifungal activities of AgNPs produced by white rot fungus and eventually enhance the utilisation fungi in improving the quality of life.

2. EXPERIMENTAL

2.1 White Rot Fungi

The fungus, Schizophyllum commune isolated from Malaysian rainforest provided by Forest Research Institute of Malaysia (FRIM) was used in this study. It was maintained and sub-cultured in malt extract agar at 4C.

2.2 Preparation of Culture and Supernatants

60 mm diameter mycelium mat grown on agar surface was transferred asceptically into 250 ml deionised water supplemented with 0.1% Tween 80 as cell inoculum. Next, 10% cell inoculum was inoculated into 250 ml Erlenmeyer flask, containing 50 ml of complex medium composed of yeast extract (10 g l1), malt extract (10 g l1) and glucose (20 g l1). It was then allowed to grow for 96 h at 30C (200 rpm). After 96 h of cultivation, mycelia pellets were separated from the culture broth by centrifugation at 4500 rpm, 10C for 15 min. The pellets were washed thrice with deionised water.

2.3 Biosynthesis of Silver Nanoparticles

One-percent (w/v) of washed pellets and 1% (v/v) of culture supernatant were brought in contact with 100 ml aqueous silver nitrate (103 M) in 250 ml Erlenmeyer flask for synthesis of silver nanoparticles. The mixtures were then incubated in a rotary shaker at 200 rpm in the dark at 30C. The bioreduction of silver nitrate into AgNPs was identified by the change of the colourless liquid to brown. Samples were collected mainly from 3 production modes: (i) bioreduction of silver ion by the tested fungi-secreted proteins in culture supernatant (CS); (ii) bioreduction of silver ion by absorption of silver atom on the mycelia pellet (MP); and (iii) bioreduction of silver ion from the mycelia pellet which was released into the silver nitrate (SN) solution.

2.4 Characterisation of Silver Nanoparticles

Change in colour from colourless to brown was observed in the silver nitrate solution. The UV-visible spectra, which represent surface resonance absorption band of AgNPs was recorded using UV-visible spectrophotometer (Shidmazu UV-2550, US). The surface plasmon resonance spectra of AgNPs in samples were measured at resolution of 1 nm between 200800 nm wavelengths.

Particle size analysis is done to determine the size distribution of synthesised AgNPs. AgNPs collected during the five days of incubation with silver nitrate were used for antimicrobial hence were taken for particle size determination. AgNPs collected were ultrasonicated (Transsonic Digital T490 DH, Elma, Singe, Germany) before being analysed by Zetasizer using dynamic light scattering non-invasive back scatter (NIBS, Zetasizer Nano ZS, Malvern Instruments, Southborough, UK). The size and morphology of AgNPs were examined using a transmission electron microscopy (EFTEM, Zeiss Libra  120 Plus, US). The sample suspension was sonicated for 15 min to separate the agglomerated particles and make the solution homogeneous. Immediately after sonication, a drop of the suspension was sampled using a micropipette and the drop is placed on a film on a support grid. The sample was ready for examined under TEM after the solvent has completely evaporated.

AgNPs concentrations were analysed on a Shimadzu atomic absorption spectrophotometer (AA-6650). The light source used was a Hamamatsu Ag-hollow cathode lamp working at 10 mA current. Calibration curve between absorbance and concentration was prepared using 1N HNO3 from 1 to 10 ppm. Concentrations of AgNPs were identified using the same method as experiment conducted on calibration curve.

2.5 Antibacterial and Antifungal Activities

Three bacteria strains used were Escherichia coli, Staphylococcus aureus and Staphylococcus epidermidis. Stock cultures were maintained on nutrient agar at 4C. Other fungal strains, namely Aspergillus niger and Candida albicans were also used in this study and stock cultures were maintained on potato dextrose agar (PDA). All tested microorganisms were obtained from Industrial Biotechnology Research Laboratory, Universiti Sains Malaysia (USM). In-vitro antibacterial and antifungal activity studies were carried out using Mueller Hinton media and malt extract media, respectively. The inocula used for this experiment were bacterial/fungal strains of 24-h old and the initial turbidity was adjusted with sterile medium to 0.5 MacFarland standards.

Samples from CS and SN were filtered using 0.2 m membrane filters and subsequently sterilised by autoclaving at 121C for 15 min. For MPS, mycelia were re-suspended in phosphate buffer saline (pH 7.4) and homogenised using a sonicator at a frequency of 8.5 Hz for 5 min before undergoing filtration and sterilisation as mentioned. AgNPs in three cases were collected after 5 days of bioreduction between silver nitrate and the particles size were ranged 25.329.8 nm, 35.250.8 nm and 39.252.9 nm respectively for extracellular, culture-free supernatant and intracellular AgNPs synthesis.

Antibacterial and antifungal activities of silver nanoparticles synthesised by Schizophyllum commune were tested using disk diffusion method against pathogen: Staphylococcus aereus, Staphylococcus epidermidis, Candida albicans and Escherichia coli. 20 l of silver nanoparticles of different concentrations were transferred to 6 mm sterile blank disc and the disks were allowed to dry. Subsequently, the silver nanoparticles impregnated discs were placed on bacterial/fungal-cultured agar plate. Bacterial cultured agar plates were then incubated for 24 h at 37C while fungal-cultured agar plates were incubated at 30C for 48 h.

Determination of the minimum inhibitory concentration (MIC) was carried out using microdilution method. The MIC values were determined on 96-well microtitre plates. 100-l silver nanoparticles of known concentration of different production mode produced throughout sampling period were transferred to broth in 96 well microtitre plates containing 100 l of Mueller Hinton broth for bacterial or 100 l Malt Extract for fungal assay. Later, 100 l of tested microorganisms were inoculated and the microtitre plates were incubated for 24 h (bacteria) and 48 h (fungi). These tests were performed by the two-fold serial dilution method. After incubation period, optical density of cultures was measured at 595 nm. The MIC is defined as the lowest concentration of material that inhibits the growth of an organism43 is represented by the absorbance. The higher the inhibition is, the lower absorbance that will be recorded.

Solution inside wells of microtitre plate in MIC study which did not show any growth of the bacteria or fungi after the stated incubation period were then inoculated into Mueller Hinton Agar and Malt Extract Agar for bacteria and fungi respectively. Plates were then incubated at 37C for 24 h (bacteria) and 30C for 48 h (fungi). The MBC and MFC were recorded as the minimum concentration of silver nanoparticles that did not tolerate any visible growth of tested microorganisms.44

3. RESULTS AND DISCUSSION

Today, the development of environmental friendly nanoparticles has recently been of increasing interest to both academic and industrial sectors. Silver and its compound, which have been used as an antimicrobial agent in the past have recently received renewed interest. This is because some of bacterial strains have demonstrated resistance towards antibiotics. Hence, synthesising AgNPs using biological method, which has higher antimicrobial activity are of particular concerned. It was reported that extracts from bio-organisms such as enzymes/proteins, amino acids, polysaccharides and vitamins may act as reducing and capping agent in the AgNPs synthesis, making the synthesis is more environmentally friendly then chemical synthesis.45,46

UV-visible spectra of silver nitrate solutions challenged with the fungus in 3 modes. A characteristic surface plasmon absorption band of AgNPs were observed at 420 nm. Apart from the AgNPs absorption band at 420, another absorption peak was observed above 280 nm in culture-free supernantant (CS) synthesis. This may be due to the tryptophan and tyrosine residue present in the protein to maintain AgNPs stability.47 Proteins secreted during cultivation into the culture broth and residues attached to mycelium fungus. Hence, proteins peak above 280 nm were observed.

One of the important characteristics of AgNPs that determine the biocides activity is the particles size synthesised. As reported by Marambio-Jones and Hoek et al.,48 smaller particles possessed larger surface area to volume ratio and hence efficient antimicrobial activity. Besides particle size, AgNPs concentration also plays an important role in determining the antimicrobial power. Table 1 shows the particle size of AgNPs and AgNPs concentration collected after 5 days of incubation with silver nitrate using dynamic light scattering technology and absorption atomic spectrophotometer respectively.


Table 1: Particle size and concentration of AgNPs synthesised by fungus S. commune.
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It was observed that AgNPs synthesised through SN gave the smaller average particle size of 25.3 nm followed by CS and MPS synthesis with average particle size of 35.2 nm and 39.2 nm respectively. From atomic absorption spectrophotometer analysis, it was identified that concentration of AgNPs synthesised through SN and CS are also higher than those MPS. Pal et al.49 have discussed in their studies that bactericidal effect of nanoparticles is much dependent on the concentration of nanoparticles. The biocides power of respective size and concentration of AgNPs synthesised will be determined in antimicrobial study. In aqueous suspension, the mean hydrodynamic diameter of the nanoparticles is expected to be on the same range as TEM.50 However, in this study the measured particle size using DLS is higher compared to the size measured by TEM. This is possibly due to agglomeration of AgNPs in water.

Figure 1 showed a TEM micrograph capture for AgNPs through SN synthesis. It further confirmed the agglomeration of AgNPs presence during the synthesis. However, it was identified that the average particles size of AgNPs was 32.08 nm. From TEM micrograph also, it was noticed that AgNPs synthesised were spherical in shape.
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Figure 1: TEM micrograph for AgNPs synthesised through bioreduction of silver ion from the mycelia pellet, which was released into the silver nitrate solution (SN).



The present work of antimicrobial study of AgNPs mostly emphasised on pathogenic microorganisms: Staphylococcus aereus, Staphylococcus epidermidis, Escherichia coli, Candida albicans and Aspergillus niger. The results of inhibition study showed in Figure 2 that AgNPs produced through SN has the largest inhibition against Staphylococcus aereus which further support the work done by Shahverdi and co-workers that concluded AgNPs have an antimicrobial effect on S. aureus.31

It was also found that biosynthesis of AgNPs through CS has equal ability to inhibit S. epidermidis (20 mm). As shown in Table 2, AgNPs-synthesised MPS was unable to inhibit the growth of Staphyloccocus aereus. Also, Aspergillus niger showed no antimicrobial effects towards AgNPs synthesised by Schizophyllum commune either SN, MPS or CS. Antimicrobial action of nanoparticles may differ according to the size of nanoparticles produced, and different species of bacteria or fungal produces varying sizes of nanoparticles.51,52 Negative control was also conducted with all tested pathogens and the results revealed that AgNPs synthesised were the key element that acting as antibacterial and antifungal agents. According to Song et al., the susceptibility of MRSA is due to the cell wall plasmolysis or inhibition of bacterial cell wall synthesis.53
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Figure 2: TEM micrograph for AgNPs synthesised through bioreduction of silver ion by absorption of silver atom on the mycelia pellet (MP).



Besides disc diffusion method, antibacterial activity of AgNPs was tested using the MIC assay and minimum bactericidal concentration (MBC). AgNPs collected from 3 modes of production were tested with Staphylococcus aereus, Staphylococcus epidermidis, Escherichia coli, whereas minimum fungicidal concentration (MFC) were tested with Candida albicans and Aspergillus niger. Figure 3 shows an example of MIC and MBC/MFC assay using 96 well microtitre plate.

As reported by Sondi and Salopek-Sondi,21 as concentration of nanoparticles increased to MIC of the respective strains, no growth was observed. Table 2 also shows that the MIC for AgNPs were between 1.647, 0.257.03, 0.430 and 0.44.7 g ml1 while MBC/MFC were between 10.537.63, 6.2531.25, 830 and 6.6318.75 g ml1 for S. aureus, S. epidermidis, E. coli and C. albicans respectively. Similar results indicating that gram positive bacteria, S. auerus, which is more resistant to silver nanoparticles compared to gram negative E. coli is obtained.18
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Figure 3: TEM micrograph for AgNPs synthesised through bioreduction of silver ion by the tested fungi-secreted proteins in culture supernatant (CS).



In agreement to the results published by various researchers, the size of AgNPs plays an important role in their antimicrobial activity.51,54 For instance, a more powerful biocide activity was observed in AgNPs through SN synthesis measuring 25.329.8 nm but not in those synthesised through CS and MPS synthesis. Martnez-Castan et al.55 reported that AgNPs of 29 nm showed MIC of 17g ml1 against S. aureus. In this study, we demonstrated approximately a two-fold increase in the activity against the same strain (9.5 g ml1). It was reported by Kvitek et al.56 MIC of standard strains and strains isolated from clinical material are from 1.6913.5 g ml1 Although as reported by Gan,57 agglomeration of AgNPs may have affected the bactericidal efficiency. In this study, the MIC of certain strains falls in the range as reported. Hence, the results showed that AgNPs have great bactericidal and fungicidal activity and comparable to the other AgNPs and nano-sized silver powders produced in the market.

SN and CS synthesis of AgNPs has shown to be powerful antimicrobial effects than AgNPs through MPS synthesis. It was reported that fungal culture supernatant can be used as an approach for monodisperse nanoparticles biosynthesis. Ability to form monodisperse nanoparticles is of concern for better biocides power. In future, several factors should take into consideration for nano scaled silver toxicity towards pathogen. Besides particles size, particle stability, particle shape and water chemistry are also important factors. It was reported that non-stable nanoparticles will tend to form aggregates and thus reducing the surface area ratio.56 However, introducing high dosage of stabiliser would also reduce the surface of contact as most stabilisers are polymers and tend to form micelle around the nanoparticles. Morones et al.51 reported that particles with shapes <111> facets tend to have strongest antibacterial properties as <111> contain larger atom densities for better interaction. Particle suspension, solubility, particle size distribution and bacterial ability to face environmental stresses are much dependent on water chemistry. Hence, study on water chemistry is also important for better toxicity towards pathogen.

Although no sufficient information is available on the adverse effects of AgNPs on human health and environment, many AgNPs are small enough to penetrate into human skin into organs as well as deposition of metal on biological species such as fish, microorganisms etc.58 Hence, assessment of environmental risks and human health associated with AgNPs is required before they are utilised in various applications.

Susceptibility of different pathogenic cultures against AgNPs synthesised in 3 modes was performed in this study. The results showed that AgNPs have great promise as antimicrobial agent against S. aureus, S. epidermidis, E. coli and C. albicans. In disc diffusion study, all culture except A. niger have superior antimicrobial action. MIC and MBC/MFC studies further suggested that AgNPs synthesised by Schizophyllum commune has comparable antimicrobial action with commercial antibiotics. The results here concludes that the production of silver nanoparticles using the Malaysian white rot fungi has a potential to be used in place of chemical-based antibiotics and because the mechanism of its anti-microbial properties is purely physical there are less chances of pathogenic bacteria developing a resistance against silver nanoparticles.
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Abstract: The rising concern about plastic waste disposal problems and the need for more versatile polymer-based materials has led to an increasing interest on blending synthetic polymer with degradable materials. In this present study, low density polyethylene (LDPE) and plasticised sago starch or so-called thermoplastic sago starch (TPSS) blends containing different percentage of kenaf core fibres (KCF) were prepared. The effects of different fibre loading (1040% by weight) on the processing and mechanical properties were investigated. In order to further justify the obtained properties, the fabricated composites were characterised by Scanning Electron Microscope (SEM), Fourier Transform Infrared (FTIR), Thermogravimetric Analysis (TGA), Differential Scanning Calorimetry (DSC) and water uptake behaviour. In this work, the blend ratio of LDPE/TPSS was fixed at 90/10 (weight percentage) respectively. The results showed that the incorporation of KCF into the blend caused a considerable improvement in tensile strength and Young's modulus. Optimum strength was obtained at 6.704 MPa. FTIR analysis revealed slight changes in band position and intensities due to hydrogen bond formation occurring after the inclusion of fibre. Whereas, decomposition temperature (Td) was improved because of higher thermal stability of fibres and DSC results illustrated the phase compatibility between components in the composite system. Moreover, water uptake tended to increase as the hydrophilic character of KCF impart to the composites.
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1. INTRODUCTION

Plastic is a typical organic polymer derived from petrochemicals, which are produced and used worldwide. This is due to their ease of processing, low energy consumption during fabrication and their inertness, which makes them suitable to be used in all areas.1 The most commonly used synthetic polymers is polyethylene since it is highly hydrophobic and has high molecular weight. Particularly, low-density polyethylene (LDPE) is the most widely used polyethylene grade, due to its relatively good mechanical properties combined with a competitive market price.

However, the ever-growing production and rapid expansion in plastic material consumption have led a tremendous problem in plastic waste disposal management. Plastic is inherently inert to the microorganisms or the chemicals in an environment.2 Thus, the disposal of a high volume of plastic, which takes a long time to decompose posses huge environmental problems.3 In tackling the environmental issues associated with conventional plastic, many efforts have been made in recent years to develop biodegradable materials. These materials may be synthetic, natural or combination of both.1

 In order to impart degradability of polymers, modified plastic derived from blend with agricultural feedstock, e.g., starch offers an elegant approach to meet the requirements and ecology utilisation of resources and to guarantee at least partial degradation.4 Starch is considered as one of the most promising available natural polymers for the development of biodegradable materials due to its attractive combination of attributes such as low cost, abundant availability and thermoplastic behaviour, in addition to being biodegradable.3

Starch consists of two different polysaccharides structures, which are the linear amylose and highly branched amylopectin. And, the intermolecular and intramolecular hydrogen bonds between hydroxyl groups of starch molecules lead to the crytallinity in native starch.5 In the presence of plasticiser such as glycerol, it can behave like a thermoplastic material; at high temperature and under shear, it can readily melt and flow, allowing its use as an extruded or injected material, similar to most conventional synthetic thermoplastic polymers.6

In a previous work, it was found that, a higher amount of starch can be incorporated with LDPE when used in a thermoplastic (plasticised) form and the so-called thermoplastic starch (TPS).7 The major sources of starches commonly used for production of biodegradable polymers are maize, tapioca and rice.8 However, very few reports are available on the properties of sago starch blend. Malaysia is one of the countries with a large cultivation of sago palm. The rather excessive production with regards to the current needs of developing degradable materials make sago starch attractive and promising filler for polyethylene.

However, it was found that the addition of TPS as a minor phase into synthetic thermoplastic matrix as a major phase causes a reduction of the mechanical properties.9 Incompatibility arising from the hydrophilic nature of starch and the hydrophobic nature of polymers as well as the tendency of starch to absorb water results in reduced mechanical performance of the blend.10 A previous work observed that a blend of TPS from wheat starch (022% w/w) with LDPE exhibited a decrease in the Young's modulus.7 It is interesting to note that, the immiscibility between hydrophilic and hydrophobic properties of starch and LDPE respectively responsible for the reduction of mechanical properties. Apart from that, the degradation duration is still very high due to the non-biodegradable synthetic polymers.11

One interesting approach to improve the mechanical properties and impart degradability is through the use of natural fibres to reinforce the LDPE/TPS blend. Natural fibre is preferred as it can be completely biodegraded in the natural environment and is fully sustainable. Previous studies have investigated synthetic and degradable polymer blends filled with natural fibres. For instance, cotton fibres are described in the literature as a reinforcement of starch-based thermoplastic polymers and PE blends.9 Most natural fibres are composed of cellulose, hemicellulose and lignin in different relative amounts.12 Thus, when natural fibres are mixed with thermoplastic starch and its blends, their mechanical properties become notably enhanced. This fact has been attributed to the chemical similarity of starch and fibres, providing good compatibility between them.13

Kenaf-reinforced composites are one of the most researched areas. Kenaf is an herbaceous annual plant that is available in a wide range of weather conditions. It has been actively cultivated since it grows quickly and can be harvested at a very low cost. Among lignocellulosic fibres, kenaf is attracting a special attention due to its good mechanical properties and its increasing cultivation in many developing and developed countries.14 Kenaf fibres provide high stiffness and strength values. They have a higher aspect ratio making them suitable as reinforcement in polymer composite.15 In view of the recent global environment issues and inadequate fibre resources, researches worldwide have begun to show interest in exploiting the full potential of kenaf and its diverse uses.16

Therefore, the main objective of this present study is to evaluate the potential use of sago starch (plasticised) and kenaf fibers with the polyolefin (LDPE). The effects of different amount of KCF incorporated in LDPE/TPSS blend were investigated. The work focuses on the characterisation of mechanical, thermal, morphological and water uptake properties of these composites.

2. EXPERIMENTAL

Sago starch (13% moisture) was obtained from the Land Custody Development Authority (LCDA), Sarawak, Malaysia. It had an average particle size of 20 m and decomposition temperature of 230C. Glycerol (plasticiser) was an analytical grade reagent, purchased from Merck Chemicals (Malaysia) and used as received. Low-density polyethylene (LDPE, LDF 260GG) with melt flow index of 5 g 10 min1 was obtained from Titan (M) Sdn. Bhd. (Malaysia). Kenaf fibre (core) with an average length of 5 mm was supplied by National Kenaf and Tobacco Board (LKTN), Pasir Puteh, Kelantan, Malaysia. The fibres were subjected to a grinding process, which yields particles approximately 70 to 250 m in diameter. KCF were then dried for 3 h at 70C using vacuum before being used in the subsequent composite fabrication.

2.1 Sample Preparation

Sago starch powder was vacuum-dried by heating at 80C for 24 h before blending and processing. The dried sago starch was then pre-mixed with glycerol by using a high-speed mixer. The weight ratio of sago starch and glycerol was maintained at 65:35 (by weight percent). The blend was stored overnight to allow the diffusion of glycerol into starch granules, which would help the melt-mixing process. TPSS was melt-blended with LDPE and kenaf fibre using an internal mixer (Haake Rheomix Mixer, Model R600/610) at 150C and speed of 50 rpm in order to obtain a homogeneous sample.

Based on our previous work, the optimum ratio between LDPE/TPSS was obtained at 90/10. Thus, for this work, the ratio of LDPE/TPSS was fixed at 90/10 and different loading range of KCF (i.e., 1040 wt%) was used. The processed samples were then compression-molded in an electrically heated hydraulic press (Kao Tieh Go Tech Compression Machine) at 150C into a 1-mm thickness sheet. Table 1 shows the formulation of the composites.


Table 1: Formulation of LDPE/TPSS/KCF composites.
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2.2 Measurement of Tensile Properties

Tensile tests were carried out with a Universal Testing Machine (Instron 3366) according to ASTM D638. Dumbbell specimens of 1 mm thickness were cut from the compression-molded sheets with a Wallace die cutter. A crosshead speed of 5 mm min1 was used and the test was performed at temperature 25  3C and relative humidity of 60  5%. Five specimens were used to obtain average values for tensile strength, elongation at break and Young's modulus.

2.3 FTIR Spectroscopy Analysis

The functional groups and chemical characteristics of LDPE/TPSS/KCF composites were obtained by Fourier Transform Infrared Spectroscopy (FTIR, Perkin Elmer System 2000) with a resolution of 4 cm1 in a spectral range of 4000600 cm1 using 32 scans per sample.

2.4 Thermogravimetric Analysis

LDPE/TPSS/KCF composite samples were cut into small pieces (510 mg), which were then tested using thermogravimetric instruments (Perkin Elmer, Pyris Diamond TG/DTA) under nitrogen atmosphere within a temperature range from room temperature to 550C at a heating rate of 15C min1. Thermal degradation temperature was reported by the onset degradation temperature where the weight loss started to occur.

2.5 Differential Scanning Calorimeter (DSC)

The Differential Scanning Calorimeter (DSC) measurements were performed in a Perkin-Elmer DSC 7. About 10 mg of the samples was first heated from room temperature to 190C at 5C min1 and held there for 5 min to eliminate the thermal history, cooled to room temperature and then reheated to 190C at 5C min1 to trace the melting behaviour. Each run was performed under nitrogen atmosphere. The melting temperature (Tm) and heat of fusion of (Hm) samples were determined from the peak maximum and the area under peak, respectively. The degree of crystallinity of the composites was calculated using the following equation:
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	(1)





where Hm is the melt entalphy of the semicrystalline LDPE blends and Hf is the heat fusion for crystalline LDPE.

2.6 Morphology Evaluation

Scanning electron micrographs of tensile fracture surfaces of LDPE/TPSS/KCF composites were obtained by using a Scanning Electron Microscope (SEM, model ZEISS Supra 35 VP). The samples were sputter-coated with a thin layer of carbon to avoid electrostatic charging during the examination. The image results were analysed to investigate the distribution of natural fibres in polymer matrix and their interaction.

2.7 Water Absorption

Water uptake measurement was carried out as per ASTM D570. Newly prepared samples were first dried in an oven at 70C for 24 h until a constant weight was attained and then dipped in the distilled water at ambient temperature. After immersion for a specific interval, the samples were then removed from the water, gently dried by wiping with a clean cloth, and immediately weighed to the nearest 0.001 g. The percentage of water absorption was calculated as followed:








	WA (%) = [(M1  M0)/M0]  100
	(2)





where M0 and M1 were the dried weight and final weight of the sample, respectively.

3. RESULTS AND DISCUSSIONS

3.1 Processing Properties

The melt processing characteristics of the LDPE/KCF/TPSS composites have been studied with processing torque-time curves. Figure 1(a) shows the processing torque of the melt mixed blends with different KCF loadings. A similar pattern of processing torque curves was observed for all composites. It can be observed that, an initial torque revealed corresponded to the initiation of rotor and charging of solid material into the mixing chamber, which in this case is the LPDE. It is assumed that, the increase in torque is due to high shear force to rotate the rotors in the presence of LDPE prior to melting. The loading peak is highly dependant on the charged amount of LDPE.

For LDPE/TPSS blend, the torque is higher compared to its composites. This is originated from the greater amount of LDPE dosage subjected into the mixing chamber. Torque decreased with the increase in KCF loading due to the reduction of charged weight of LDPE significantly. After loading, the blend started to melt under shear and temperature. After 3 min, the torque began to decrease gradually due to reduction in viscosity, which indicates completion of melting.17
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Figure 1: The plots of (a) processing torque and (b) stabilisation torque of LDPE/TPSS/KCF composites at different KCF loading.



The addition of minor content of TPSS at min-3 did not show any prominent loading peak. It is believed that the melt viscosity is almost stable due to the plasticisation of the blends with the presence of glycerol in TPSS.18 However, an increase of torque can be observed as KCF were loaded into the molten LDPE/TPSS blend at min-13. The inclusion of KCF caused a reduction of the mobility of polymer chain and thus increased the melt viscosity.17 Therefore, greater KCF loading in the composite exhibited higher torque values.

Stabilisation torque is measured as the average value around 1820 min of mixing. The stabilisation torques of composites at different KCF loadings are shown in Figure 1(b). Evidently, the stabilisation torque gradually increased as higher KCF amount was loaded in the composites. It is worth noting that, the torque became more stable when the KCF were homogenised and dispersed within the polymer matrix. Thus, it can be postulated that, higher KCF loading required high shear force, resulting high melt viscosity and yielding high stabilisation torque.

3.2 Tensile Properties

Figure 2 shows the plots of tensile strength, Young's modulus and elongation at break of LDPE/TPSS blend reinforced with different amount of KCF. It can be seen from the plot that the addition of 10% (by weight) KCF into the LDPE/TPSS blend, the initial strength trebled up to 6.704 MPa. The enhancement in the strength is indicative of a good degree of adhesion between fibres and matrix, and a relatively high aspect ratio of fibres, exceeding critical level.19 Thus, it is believed that, the addition of 10% (by weight) KCF is sufficient to provide the reinforcing effect to the composite system. Stress is transferred efficiently from matrix to the fibre.

Another contributing factor could be the chemical similarity of both TPSS and KCF, by virtue of having hydroxyl groups. The existence of such interaction increases the hydrogen bond formation as revealed by IR spectra in Figure 3 and the fibre surface wetting presented by SEM micrograph in Figure 6. The results were in accordance to the findings reported by Prachayawarakon et al.9 and Ma et al.20

However, the incorporation of 20%40% (by weight) KCF into the composite system caused a reduction in tensile strength. Tensile strength tended to decrease due to excessive content of KCF that caused the discontinuity of the matrix.8 Weight fraction is perhaps the most important factor, since most of mechanical properties increase with increase amount of fibre, until a maximum amount, because at higher reinforcement loading, low dispersion of fibres in the matrix can occur.3 Apart from that, the reduction of strength might be due to incompatibility of highly hydrophilic KCF and non-polar hydrophobic LDPE.

Because of different polarities, a weak interfacial adhesion between KCF and LDPE appeared, providing a site for failure to initiate and propagate. Reduction in the effective surface area of fibre phase yielded an inefficient stress transfer from matrix.21 As a result, the tensile strength was not improved. The drop in tensile strength became more drastic at higher KCF loading (40 wt%). This is because fibre-fibre interaction became more prominent than fibre-matrix interaction with increasing KCF content. The applied force could not be transferred efficiently from polymer matrix to the fibre. This is justified by the SEM micrograph in Figure 6.
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Figure 2: The plots of (a) tensile strength and Young's Modulus and (b) elongation at break of LPDE/TPSS/KCF composite at different KCF loading.



The incorporation of KCF was found to increase the tensile modulus of LDPE/TPSS blends [as shown in Figure 2(a)]. The moduli were increased from 172.5 MPa until 557.75 MPa when 10%40% (by weight) of KCF was incorporated in the composite system. The addition of KCF was expected to increase the modulus resulting from the inclusion of rigid filler particles in the soft matrix.17 Additionally, this results suggest that, the stiffening effect had occurred because of the existence of fibre inside the composites.22 Tensile modulus indicates the stiffness of a composite, i.e., the higher the tensile modulus, the stiffer the composite is.23 This finding is in agreement with the work reported by Abdul Khalil et al.23 and Ismail et al.24 whereby, the incorporation of starch or cellulosic fibre had improved the stiffness of the composite materials.
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Figure 3: IR spectra of LDPE/TPSS/KCF composites at different KCF loading (a) 0%, (b) 10% and (c) 40% (by weight).



On the contrary, the addition of KCF brings about a drop of elongation at break values. This is in agreement with another report.25 This effect is expected considering that the high crystallinity of fibres decreases the polymer chain mobility and deformability of a rigid interface between fibre and matrix, which leads to an inevitable decrease in the degree of ductility of material. Besides, physical incorporation of starch in LDPE weakens the forces between LDPE layers and also, starch (a low molecular weight polymers) has lower elongation than LDPE. Since there is no chemical interaction between both constituents, starch inclusion forms discontinuity, resulting in lower elongation.13 In synthetic polymer blends, the addition of second immiscible phase to a ductile matrix material usually significantly decreases the elongation at break.6

3.3 IR Spectroscopic Study

IR spectra of LDPE/TPSS blend reinforced with different KCF loading were shown in Figure 3. The observed peaks are the functional groups of LPDE, TPSS and KCF. However, there are some slight changes in band positions and intensities. It is known that, if two polymers are compatible, a distinct interaction (hydrogen bonding or dipolar interaction) exists between the chains of one polymer and those of the other, causing the IR spectra of composites to change.

It can be seen in Figure 3(a) that the LDPE/TPSS composite exhibits IR main peaks positions at 2915 cm1, 1469 cm1 and 717 cm1 representing CH stretching, CH3 bending and CH2 vibration, respectively. However, in the case of LDPE/TPSS composite filled with TPSS, IR peaks related to KCF become prominent. It is evident in Figure 3(b) that when KCF is added to the composite, it is characterised by a broad absorption peak occurring at 1260900 cm1 attributed to the stretching of CO group.26 In fact, a slight increase in the IR peak could be observed as more KCF was loaded to the composite (40 wt%) as shown in Figure 3(c). These changes could be interpreted in terms of the rearrangement of hydrogen bonds between starch and fibre. The change in IR spectra indicates a distinct interaction between the chains of polymers.

Apart from that, starch is characterised by two strong and broad absorption peaks occurring at 30003900 cm1 (OH) and at 10001250 cm1 (COC) stretching. The presence of OH group peak at 3360.46 cm1 is related to the presence of amylose and amylopectin in sago starch. The characteristic peaks appeared due to the intermolecular hydrogen bond formation occurring when TPSS were incorporated into the composite.

Whereas, the peak position at approximately 1646 cm1 is due to the bound water present in the starch.6 All the characteristic peaks of LDPE and TPSS have appeared in the blends. These results indicate that the KCF is distributed within LDPE/TPSS blend. And, it is believed that the hydrogen bond formation is correlated with the tensile properties discussed earlier.

3.4 Thermogravimetric Analysis (TGA)

Thermogravimetric analysis (TGA) of the composite was carried out to assess its thermal stability and degradation temperature. The onset degradation temperature and thermogravimetric curves for different LDPE/KCF/TPSS composite samples are shown in Figure 4. It can be observed that thermal degradation of the samples occurred in three steps: 1st region (250C280C), 2nd region (335C400C) and 3rd region (above 400C). The thermal degradation of LDPE/KCF composite occurred in a two-step degradation process. The LDPE/TPSS exhibited initial mass loss from approximately 302C to 370C, mainly due to the decomposition of TPSS. After that, second thermal degradation step of LDPE was observed.27 The thermal degradation appeared around 488C is associated with the greatest weight loss, and was due to thermal degradation of the LDPE backbone.19
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Figure 4: TGA thermograms of LDPE/TPSS/KCF composites at different KCF loading.



With the incorporation of KCF in the LDPE/TPSS blend, it was observed that the decomposition temperature (Td) found at 176.2C and 295.8C were due to the decomposition of glycerol and starch, respectively. The process continued progressively up to 300C, where thermal degradation of starch occurred.16 Td value of the TPSS was 332C when 10% (by weight) of KCF was incorporated into the composite system. This is attributed to higher thermal stability of fibre and phase compatibility between TPSS and KCF. Due to their similar chemical structures, the two structures was linked through hydrogen bonds.

It is noted that the Td of LDPE component was obtained at the temperature of 491C. Similar pattern was observed for LDPE/TPSS blend with 40% (by weight) KCF. It was also found that the maximum weight losses were 99.38%, 97.51% and 88.28% for the KCF loading of 0, 10 and 40% (by weight), respectively. According to the KCF content, it is believed that the reduction in weight loss was the result of the improvement in thermal stability.28

3.5 Differential Scanning Calorimetry (DSC)

Figure 5 illustrates the second heating cycles of DSC thermograms for LDPE and its blends, whereas their melting temperature (Tm), enthalpy of melt (Hm) and degree of crystallinity (Xc) are summarised in Table 2. DSC thermograms of LDPE and its composites show one endothermic transition peak, indicating that the material demonstrates compatibility between components in blends. It can be observed that, the endothermic peak at 108.3C assigned to the melting temperature of pure LDPE. In comparison with the LDPE and its blends, the DSC results show that there is a slight decrease in Tm of LDPE blend with the addition of fibre. It is believed that, the fibres create hindrance in the melting of LDPE. This decrease can be explained based on the decrease in the crystalline portion in the system.
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Figure 5: DSC thermograms of (a) LDPE and (b) LDPE/TPSS/KCF composites.






Table 2: DSC data for LDPE/TPSS/KCF composites.
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It also can be observed that there was a reduction in enthalpy of melt (Hm) for the blends compared to pure LDPE. Hm is obtained from the total area of the melting peak. The reduction of Hm is correlated with the decrease in LDPE content in blend specimen.29 In addition, there is a slight decrease in crystallinity of the LDPE and its blends. This suggests that the greater the compatibility between components in blends, the weaker their ability to crystallise will be.

3.6 Morphology

Polymer properties can be determined from the morphological structure. The SEM micrographs of tensile fracture surface of LDPE/TPSS blend and morphological effects of KCF incorporation are depicted in Figure 5. Rough surface of TPSS could be observed in Figure 6(a). Without KCF loading, the tensile fracture surface of LDPE/TPSS blend indicates the spots of starch granules within the LDPE continuous phase. Such particles seem to be embedded in LDPE matrix, although there were a few gaps and separate starch particles were visible. Surface roughness in the blend appeared due to the resulting incompatible blend of TPSS and LPDE. The immiscibility of the two components caused the weak interfacial adhesion and starch granules tend to agglomerate, resulting in low strength. The tensile properties obtained in previous section are evidenced by this morphological structure.

Figure 6(b) illustrates the tensile fracture surface of LDPE/TPSS blend reinforced by 10% (by weight) KCF. It can be observed that the fibre is embedded in the matrix and its surface wetted by the matrix. There were no obvious starch granular figures. This infers that, with the increase in fibre content, the starch granular fusion was affected by the fibre during processing. The fibre seemed to be well dispersed in the polymer blend and the fracture surface showed intimate mixing of fibre within the matrix. The good dispersion corroborates the presence of chemical bonding between KCF and TPSS probably due to the formation of hydrogen bonding,26 good stress transfer from matrix to fibre and the reinforcing effect of fiber.27 It is an evidence of phase compatibility and yielded tensile strength.
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Figure 6: SEM micrographs of LDPE/TPSS/KCF composites at (a) 0% (b) 10%, (c) 20% and (d) 40% (by weight) of KCF loading.



On the other hand, Figure 6(c) illustrates the tensile fracture surface of LDPE/TPSS/KCF composite when KCF were loaded at 30% (by weight). In this case, the presence of fibres was more visible. KCF appeared not wholly embedded into matrix. Moreover, the fibres were strongly damaged and the occurrences of some debonding phenomena indicated poor adhesion between fibre and matrix.14 And, there was even formation of holes as a result of fibre detachment in matrix. The fracture surface micrographs in Figure 6(d) show poor wettability between fibre and matrix in which fibre agglomeration become more prominent in the composites. The non-uniform distribution of fibre gave rise to the formation of stress concentration points.21 This situation is reflected in the mechanical properties. It is assumed that, increasing the fibre loading decreases interfacial adhesion and homogeneity. The mechanical properties already discussed also support these findings.

3.7 Water Absorption

Water sensitivity is a crucial measure for many products based on natural resources. The effects of KCF loading on the moisture absorption properties of LDPE/TPSS blend are shown in Figure 7. The absorption behaviour is related to the immersion of composites in water at ambient temperature and the measurement of the rate of water diffuse into the composite. With the incorporation of KCF, water absorption capacity of LDPE/TPSS blend increased progressively.

It can be seen that within the initial stage of absorption process, the kinetic of absorption is fast, and then the increasing rates slow down and finally reach a plateau. This plateau corresponds to the water absorption at equilibrium. All the composites (1040 wt% KCF loading) have water absorption at equilibrium of the same order. It took about 5 days immersion for samples to reach absorption equilibrium. Theoretically, the existence of LDPE in the composite could dramatically restrain the water absorption and reduce water sensitivity due to the hydrophobic characteristic of non-polar LDPE. However, it is interesting to note that, the observed rise in water absorption capacity is highly dependant on KCF and TPSS content.
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Figure 7: Water uptake of LDPE/TPSS/KCF composites at different KCF loadings.



It was found that, LDPE/TPSS blend had the lowest water uptake compared to its composites. The equilibrium water uptake for the blend was approximately 1%. While LDPE is hydrophobic, only TPSS is responsible for taking up water in the blend. TPSS is known to take up a large amount of water because it is hydrophilic due to the chemical composition of starch (amylopection and amylose), where hydroxyl group and oxygen bond with water are formed.3

The comparison of water uptake percentage by composites containing different amounts of KCF is also illustrated in Figure 6. It appears that the addition of KCF significantly increased the water absorption rate. The composite showed 1.09 to 3.98% water uptake with the inclusion of 1040% (by weight) KCF, respectively. It is known that KCF is hydrophilic in nature and permeable to water. Incorporation of lignocellulosic fibre into the polymer composites generally augments the rate of water absorption ability by forming hydrogen bonding between water and hydroxyl groups of cellulose, hemicellulose in the cell wall.17 Thus, the rise of water uptake is attributed to the hydrophilic nature of starch and fibre by virtue of the presence of abundant hydroxyl groups, which are available for interaction with water molecules.

It is also worth noting that, higher KCF content resulted in higher voids entrapped, causing higher water accumulating at the interface between fibre and matrix.17 It was due to low degree of adhesion between hydrophobic LDPE and hydrophilic TPSS and KCF yield in cracks and voids between them, allowing easy penetration of the moisture and storage of water in the voids.16 Thus, the percentage of water uptake arise significantly.

4. CONCLUSION

The LDPE/TPSS/KCF composites can be prepared via melt-blending and compression moulding method. Tensile strength and modulus of the LDPE/TPSS blend could be effectively improved with the incorporation of KCF. However, elongation at break showed the opposite effect. The optimum strength was obtained at 6.704 MPa when 10% (by weight) of KCF loaded into the composite system. FTIR analysis showed the occurrences of bonding between functional groups of TPSS and KCF, which confirmed that the reactions between all components have been taking place in the composite system. Thermal degradation temperatures and thermal stability of LDPE/TPSS blends were also improved by the incorporation of KCF, whereas, DSC results demonstrated the compatibility of components in the composite system. Besides, the presences of fibres boost up the percentage of water uptake at equilibrium for the composites. The observed results of tensile properties, thermal and water uptake are explained by interaction between fibre and matrix as evident from the fractographic studies conducted by SEM.
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Abstract: Water washing pre-treatment on empty fruit bunches (EFB) of oil palm was carried out for reducing some ash in the EFB to improve its quality prior to any thermal conversion process to yield better quality fuel. EFB was washed by varying some parameters such as the residence time and the amount of water used to study the effectiveness of washing with water. Total ash was reduced by about 24.970.3% in the EFB by various water washing pretreatments done in this work with an average ash content of 2.48 mf wt% achieved. The residence time would be expected to impact washing efficiency, which was described by the correlation between the percentage of ash reduction in the EFB and the incremental electrical conductivity (EC) of waste liquor. The use of tap water versus distilled water was also addressed for economic viability. Water washing pretreatment is an effective procedure in removing potassium and sodium in ash as they are proxies of ash in the EFB. Results showed that about 71% of potassium and 96% of sodium can be removed in ash. A thermogravimetric analysis (TGA) was performed under 100 ml min1 nitrogen with a heating rate of 10C min1 to investigate the thermal degradation characteristics of the unwashed and washed EFB.
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1. INTRODUCTION

The fundamental formation of potassium and sodium in ash influences the quality of organic yield since ash is a proxy indicator of potassium and sodium, as indicated in a study on straw and sugarcane bagasse.1,2 Alkali metal content such as sodium (Na), potassium (K), magnesium (Mg), phosphorus (P) and calcium (Ca) are known as ash produced from the chemical breakdown from biomass fuel, by either the thermochemical or biochemical process.3,4 It was found that the reduction in ash is clearly not proportional to the reduction in alkali metals. However, there is a correlation, and it can therefore be assumed that a given level of ash reduction will roughly correspond to a particular level of alkali metal reduction at least with water washing, as removal of alkali and earth alkali metals dominates the overall reduction in ash content.

Water washing pretreatment is one of the methods used to remove the ash content or other minerals from biomass. Ash varies in different forms of biomass. The ash content in biomass will give a significant effect on biomass energy conversion such as in the pyrolysis process. The major elements in ash compositions of the biomass including empty fruit bunches (EFBs) are listed in Table 1. Table 1 also shows that most of the biomass contained high amount of potassium (K).


Table 1: The ash composition of the biomass.31
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The high ash content in biomass promotes secondary reaction of the thermochemical process, thus producing non-homogenous liquids.5 However, as mentioned elsewhere, the EFB with ash content of less than about 3 mf wt% is capable of producing homogenous bio-oil by fast pyrolysis for petroleum application.6 According to Fahmi et al.,7 the pyrolysis oil quality can be improved by washing the high ash feedstock.

Potassium is a catalyst for the pyrolysis process and also serves as a dominant source of alkali in most of the biomass fuel.8 According to Jones et al.,9 thermogravimetric studies showed that potassium salts increase the gas and char yields and decrease the primary decomposition of tar products (liquid). Thus, potassium content should be decreased in biomass in order to obtain the highest yield in liquid products via fast pyrolysis process. The reactions in a thermochemical conversion process are mainly due to the presence of potassium.10 Therefore, the correlation between the percentage of ash reduction and the reduction of potassium and sodium in ash for the washed feedstock is investigated in this work since potassium and sodium are the proxy of ash. The correlation between the percentage of ash reduction and the reduction of potassium and sodium is shown by each reduction. The reduction of potassium and sodium is measured by the Atomic Absorption Analysis method.

The pretreatment can be carried out by using either hot water or cold water to eliminate the ash content in biomass.11 However, some researchers also use mild acid leaching in their washing treatment on biomass in order to remove all the ash elements.2 Simple water washing pretreatment will remove a large amount of minerals from the biomass surface.12 Some of these minerals are possibly due to their contact with soil during the harvest season or during transportation of the biomass itself.

Abdullah and Gerhauser conducted a study on the fast pyrolysis of washed and unwashed EFBs.6 They used 100 g of feedstock for each washing pretreatment. All the washing experiments were performed at ambient temperature in Malaysia (26C28C). They found that the most effective method to remove ash was soaking the feedstock of size 250355 m in 7 l of distilled water for 24 h. The ash content of the washed feedstock was 1.03 mf wt%.

Jenkins et al. studied the ash reduction in rice straw and wheat straw for reducing slagging and fouling in furnaces and other thermal conversion systems.1 100 g of whole straw samples which were hand-sprayed for 1 min with tap water and then submerged for 24 h in 7 l of distilled water. In the meantime, another 100 g of milled straw samples were flushed with 20 l of tap water and distilled water and 50 g of milled straw was flushed with 7 l of distilled water. They found that the flushing treatment was quite effective for wheat straw, yielding averages of 5.0 mf wt% and 4.2 mf wt% of ash for tap water and distilled water, respectively. They also found that the best ash removal using water was obtained by soaking the whole straw for 24 h in distilled water. Moreover, the effect of soaking was more effective in wheat straw, with the overall ash being reduced by almost 50% and the levels of chlorine, sodium, and potassium significantly reduced.

Di Blasi et al. investigated the degradation of the characteristics of straw and washed straw.11 They carried out the water washing pretreatment because water washing affects the decomposition of straw. The straw was soaked and submerged in distilled water with 100 ml of water for 1 g of straw. The residence time of the experiment was about 2 h or 7200 s. They found that the ash content in the unwashed straw decreased to 2.20 mf wt% after washing pretreatment was performed on it.

From their investigation, hot water treatment is more effective than cold water treatment which required longer resident time or rain leaching where the ash content was lowered. Fahmi et al. studied the effect of alkali metals on combustion and pyrolysis of Lolium and Festuca grasses, switchgrass and willow.13 All the grasses were subjected to varying washing conditions to investigate the effect of decreasing metal content in grasses. The objective of their work was to reduce the amount of minerals, which could catalyse the combustion or the gasification process. All the samples were subjected to a stirring method for 2 h at room temperature continuously, 24 h at room temperature, and 2 h at 60C continuously to improve the leaching and minimize the hemicellulose hydrolysis. They used de-ionised water for the washing stage of the experiment.

Piyali Das et al. carried out a research on the influence of pretreatment for deashing sugarcane bagasse on pyrolysis products.2 The washing experiments were aimed to find the maximum extraction of ash. The washing treatments used water leaching, acid leaching with Hydrochloric (HCl) solution and Hydrofluoric (HF) solution. A total of 12.5 g of sample and 150 ml of leachate were used for water treatment experiments and 25 g of sample was employed in 150 ml of acid leaching. For all the pretreatments, mixtures were leached and occasionally stirred for a predetermined time at 25C. For the acid treatment, the samples were soaked in acid and filtered, and then washed with distilled water. They found that the treatment with HCl solution led to an apparent increase of the percentage of ash, which was attributed to the relatively high removal of other components in the bagasse and corresponded to the highest mass reduction of the biomass itself. However, pretreatment by water leaching has a moderate effect on ash removal.

Yang et al. examined the effect of minerals on biomass by using corn straw as a sample with different pretreatment methods.14 The analysis of the pretreatment was analysed using a thermogravimetric analyser (TGA) and a Fourier transform infrared (FTIR) spectrometer. The samples were pretreated by washing process with water at 60C and 0.5% nitric acid (HNO3) solution. All the washing treatments were performed by soaking and churning each sample of 1 g in 100 ml solution for 12 h. After washing with different methods, the corn straw samples were filtered, and then dried at 105C for 10 h.

For the acid washed corn straw, the samples were flushed with distilled water until they became neutral before they were filtered and dried at 105C for 10 h. The process has removed 55% of ash content in corn straw by acid washing and around 25%35% by water washing. The removal of K was over 95% by both water and acid washing but the removal of Ca was only 78% by acid washing and almost zero by water washing. It showed that water washing almost removed most of the potassium content in the corn straw.

The palm oil industry is currently expanding rapidly and yields large amount of poorly utilised waste biomass. Fast pyrolysis of EFB is therefore currently an important subject for further investigations. Results for the production of bio-oil derived from unwashed EFB were presented elsewhere and it was found that in all cases, the liquid product separated into two phases presenting difficulties for fuel applications.6,15,16 However, it was found that the maximum ash content of washed EFB that produced homogenous liquids is less than about 3 mf wt% by pyrolysis process.6,15,16 The aim of this work is to investigate the water washing pretreatment on EFB in order to remove some ash, thus improving the quality of EFB which may be used to produce homogenous bio-oil in fast pyrolysis process for fuel applications.

2. EXPERIMENTAL

2.1 Preparation and Feedstock Properties

The EFB used in the experiments was obtained from a local palm oil industry in the northern part of Penang, Malaysia. Samples received were wet and in the form of whole bunches. These samples were taken after the sterilisation and stripping process of fresh fruit bunches in the palm oil mill. Key properties of EFB, both measured for this research and from the literature, are given in Table 2. The carbon and hydrogen contents are comparable to woody biomass, as is the measured heating value. The lowest HHV in the literature may be due to confusion between values quoted on a dry basis as opposed to a wet basis, a problem apparent elsewhere in the literature, for example, a value of 10 MJ kg1 is quoted for dry oil palm matter, which is clearly too low for a ligno-cellulosic biomass on a dry basis  or [19]  values for wet FFB are used for dry FFB.17,18

The EFB constitutes a lignocellulose material which consists of chemical component of 57.8% cellulose, 21.2% hemicellulose and 22.8% lignin. The results showed that the EFB contain high volatile contents (76.85 mf wt%), very low nitrogen (2.18 mf wt%) and sulphur (0.92 mf wt%) contents with a high HHV (20.54 MJ kg1). The trace element of sulphur and nitrogen showed that the EFB is an environmentally friendly biomass. It was also found that the EFB had an ash content of 5.19 mf wt%. The high ash content implies that the high alkali metal especially potassium (K) and sodium (Na) are known to have an actively catalytic nature to promote secondary reaction of the pyrolysis process.6,15,16 The high ash and potassium values are noteworthy, as it is well known that ash, and in particular potassium, lead to reduced liquid yields in fast pyrolysis.20

The proximate analysis was performed to determine the moisture, ash, volatiles and fixed carbon contents. The ASTM standard test methods for measuring moisture, volatile and ash contents are ASTM E871, E872-82 and National Renewable Energy Laboratory (NREL) Standard Analytical Method LAP005, respectively. The fixed carbon contents were calculated by finding the difference. Ultimate analysis was performed for the determination of basic elemental composition of the EFB using the combustion analysis method for carbon, hydrogen, nitrogen and sulphur. Oxygen however was again determined by the difference. The HHV of the EFB was determined by bomb calorific experiment according to the ASTM D2015 standard test method.


Table 1: Properties of EFB (mf wt%).17,19
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2.2 Drying Process of EFB Waste

Initially, samples were dried using a conventional oven to obtain moisture content of less than 10 mf wt% as normally done in most laboratory experiments and commercial processes for thermal conversion technologies such as pyrolysis.6,15,16 According to McKendry3 and Cuiping et al.,21 biomass fuel with low moisture content is more suitable for thermal conversion technology while biomass fuel with high moisture content is more suitable for biochemical processes such as fermentation. The EFB samples in the form of whole bunches were first dried at temperature of 105C for 24 h. Then, they were continually dried and monitored every hour in order to find the correlation between moisture content and the period of drying. The drying process continued until the weight of the whole bunches was stabilised in which the moisture content became less than 10 mf wt%. Then, the whole bunches were manually chopped and fed into the shredder in order to reduce the size to 13 cm before employing water washing experiments. For the analyses of the moisture and ash contents, the samples were ground to powder form.

2.3 The Pretreatment of Water Washing

The water washing pretreatment was carried out in order to reduce some of the ash in the EFB. The variables of the water washing pretreatment considered were the residence time of EFB, the amount of water for every 100 g of feedstock, and the methods of washing. For all experimental runs, tap water at ambient temperature of 25C28C was used.

2.3.1 Residence time

Most of the results from previous studies showed that soaking the biomass for 24 h can contribute to the most reduction of ash content. According to Jenkins et al.,1 the best ash removal using water at ambient conditions was obtained by soaking the biomass for 24 h in distilled water to facilitate ash removal easily. This is in agreement with Abdullah et al.6, where they found that the ash content was reduced by almost 81% by soaking the feedstock for 24 h in distilled water. However, in this study the minimum residence time needed in the washing treatment was investigated in the range of 5 min to 40 min in order to achieve the desired ash content.

2.3.2 Amount of water for 100 g of feedstock

Jenkins et al.1 used 7 l of distilled water for soaking and another 20 l for spraying the feedstock. Meanwhile Abdullah et al.6 used 57 l of distilled water for soaking the feedstock. Their results showed that the ash content was reduced in 7 l of distilled water. Some researchers used 100 ml and 150 ml of water with 1 g of feedstock. In this study, 25 l of water was used with 100 g of feedstock.

2.4 The Procedures and Analytical Equipment

The following are the analyses performed on the unwashed and washed EFB to investigate their properties:

2.4.1 Atomic emission spectroscopy

The atomic emission spectroscopy analysis (AES) is a chemical analysis to determine the elements in a biomass feedstock. This method uses the intensity of light emitted from a flame at a particular wavelength. The intensity of the emitted light is proportional to the number of atoms of the element. In this analysis, Jenway PFP 7 Flame Photometer was used to determine the alkali and alkaline earth metals in terms of the emission wavelength and the colour of flame produced22 as shown in Table 3. The flame photometer was performed on the ash of the unwashed and washed EFB.


Table 2: The element of alkali metals measured by flame photometer.
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2.4.2 Thermogravimetric

The thermogravimetric analysis (TGA) is a thermal analysis technique performed to determine the changes in the weight of a sample as a function of temperature. The analysis is highly dependent on three measurements, which are the weight, temperature and temperature change. 23 In this work, the Pyris 1 TGA, which is a computer-controlled analyser was used. The TGA was carried out on the unwashed and washed EFB to interpret their qualitative composition of hemicellulose, cellulose, lignin and thermal degradation behaviour. Each TGA analysis was performed utilising 100 ml min1 nitrogen with a heating rate of 10C min1 in the temperature range of 100C 600C.

2.4.3 The electrical conductivity

The electrical conductivity analysis was measured using a HI 8733 multi-range conductivity meter to measure the ability of water or solution to conduct an electrical current.24 It depends on the concentration of the ion (higher concentration will result in higher electrical conductivity), the temperature of the solution (higher concentration will result in higher electrical conductivity), and specific nature of the ions (higher specific ability and valence will result in higher electrical conductivity).

2.5 Experimental Plan

Water washing pretreatment is one of the methods of reducing the ash content in biomass. It is required to enhance the pyrolysis reaction sufficiently to produce homogenous bio-oil. Water washing has become an important procedure to produce good quality biomass prior to any thermal conversion process to yield better quality fuel. In this work, the main objective of water washing pretreatment is to find the minimum parameter for washing to produce good quality EFB with ash content of less than about 3 mf wt%.6,15,16 Tap water was used throughout the experiments.

EFB of size 13 cm was used in all experiments after shredding process was done. Effects of residence time, amount of water and employment of soaking and stirring methods were investigated in order to find the minimum parameter needed to reduce the ash. For all experiments, 100 g of EFB was used each time. The impacts of varying the amount of water from 25 l and residence time from 5 to 30 min were studied. The water washing treatments employed are summarised by number in Table 4.


Table 3: Summary of water washing treatments.
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3. RESULTS AND DISCUSSION

3.1 The Drying Process

Three whole EFBs, which were initially very wet, were weighed using a digital balance before they were dried. Table 5 shows the decreasing weight of the three EFB after 24 h, 48 h and 68 h of drying in a conventional oven. It was found that the weight of all samples stabilised after 68 h of drying as shown in Figure 1.


Table 4: The weight EFB waste after specified time of drying.
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Figure 1: The moisture loss during drying process of the EFB.



Basically, the effects of moisture loss are similar to weight loss behaviour.25 The moisture loss is calculated based on the dry basis. It was observed that as time increased, moisture loss also increased but started stabilising at 42 h during the drying process. During the heating process, water was removed from the biomass sample gradually until it reached equilibrium where most of the water has been evaporated. The moisture content of the samples was also measured as shown in Table 6.


Table 5: The moisture content of EFB.
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The initial moisture content for the three bunches of EFB was 160.1 mf wt%, 121.9 mf wt% and 74.5 mf wt%, respectively. After 29 h of drying, the moisture content of all samples was less than 10 mf wt%. By 68 h, only sample 3 maintained at high moisture content because the sample was the biggest and almost doubles the initial weight of the other two samples; hence it has the ability to hold more water. Figure 2 illustrates the decreasing moisture content in the drying process.
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Figure 2: The decreasing moisture content of the EFB.



The results showed that the moisture content was 15.1 mf wt%, 23.4 mf wt% and 27.8 mf wt%, respectively for each sample after 24 h of drying. The moisture content became less than 10 mf wt% for all samples after 29 h of drying. It is a known fact that biomass moisture content of less than 10 mf wt% is essential for thermal conversion technologies such as pyrolysis process.26,27

3.2 Impact of Residence Time

Results of ash analyses for various treatments are listed in Table 7. The results showed that tap water is considered effective in reducing the ash content of the biomass. By soaking the feedstock in tap water for 5 min was enough to reduce the ash content to 2.66 mf wt%. It shows clearly in Table 7 that by soaking the feedstock for about 5 min or more in tap water at ambient temperature for most of the time was enough to achieve the minimum requirement of ash content of less than about 3 mf wt%.


Table 6: Ash content in unwashed and washed EFB
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Interestingly, ash content of 1.54 mf wt% obtained after soaking the feedstock for 30 min in tap water at ambient temperature was the lowest. Therefore, it is expected that soaking at a much longer time will reduce more ash. Referring to Jenkins et al.1 who studied the ash reduction in rice straw and wheat straw by water washing. They found that the flushing treatment they employed was quite effective in removing ash but the effect of soaking for 24 h was more effective with the overall ash being reduced by almost 50%. For the purpose of conserving water and time, the investigation was further continued for residence times of 530 min with as minimum amount of water needed to achieve ash content of less than about 3 mf wt%.

Figure 3 illustrates the correlation between the percentage of ash reduction in the EFB and the incremental electrical conductivity (EC) of waste liquor after soaking it in 5 l of water over a range of residence times (treatments 14 of Table 7). It was found that the percentage of ash reduction in the EFB has increased drastically for the first 5 min. Ash is easily reduced due to faster diffusion when the concentration of water is low for the first 5 min and then diffusion gets slower as the washed water becomes saturated with minerals. It also showed that the highest ash reduction was obtained at longer residence time until it reached equilibrium, as was also found by Piyali Das et al.2 who argued that the residence time would be expected to impact washing efficiency. Furthermore, results showed that the increase of ash reduction is mirrored by the increase in electrical conductivity of the waste liquor. This may be due to the increase in ash reduction that caused the increase in alkali metal and organic ions contained in waste liquor.
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Figure 3: The percentage of ash reduction in the EFB and incremental electrical conductivity of waste liquor for using 5 l of water.



In order to further investigate the parameter for washing pretreatment, the experiments were continued by reducing the amount of water to 3 l. Approximately 3 l of water was used for 100 g of EFB at ambient temperature over a range of residence time from 5 to 30 min. The results showed that 3 l was enough to reduce the ash content to less than 3 mf wt% as shown in Table 7 (treatments 510).

Figure 4 shows that for the first 5 min, the percentage of ash reduction drastically increased as before when using 5 l of water. It shows that ash reduction and the incremental EC of waste liquor patterns was somewhat similar to the experiments done with 5 l of water. The longer the residence time, the more reduction of ash and the higher the incremental EC of waste liquor occur. It is expected that the waste liquor will become saturated and will be in equilibrium at a point after 40 min.



[image: image]


Figure 4: The percentage of ash reduction in the EFB and incremental electrical conductivity of waste liquor for using 3 l of water.



3.3 Impact of Amount of Water

Figure 5 shows the results of the washing experiments by soaking the EFB for 5 min in water of varying volume between 25 l at ambient temperature listed as treatment 1116 as in Table 7. The percentage of ash reduction increased with increasing water volume while the EC of the waste liquor decreased. The increasing water volume had lowered the concentration of waste liquor, thus decreasing the EC. Moreover, the diffusion of mineral contents will be enhanced until it reached the equilibrium state. The results also showed that the percentage of ash reduction reached almost 50% by using 5 l of water suggesting that the increase of water volume will decrease the concentration of waste liquor, and consequently, ash will be easily diffused.
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Figure 5: The percentage of ash reduction as a function of water amount and the incremental EC of waste liquor for soaking in 5 min.



Jenkins et al.1 also achieved a much higher ash reduction for straw with the same amount of feedstock as this study when the volume of water increased from 7 l to 20 l. Furthermore, Di Blasi et al.11 investigated the influence of water washing treatments on the degradation characteristics of wheat straw and they found that almost 60% of ash had been reduced by soaking 100 g of wheat straw of size 23 cm for 2 h in 10 l hot distilled water at temperature of 90C.

3.4 Elemental Composition

The correlation between the percentage of ash reduction and the composition of potassium and sodium for seven samples (treatments 0 and 510 as of Table 7) are figured in Figure 6.
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Figure 6: The correlation between the percentage of ash reduction and composition of potassium and sodium in washed EFB.



Figure 6 shows that water washing pretreatment is effective in reducing the potassium and sodium contents in the EFB. It is well known that potassium and sodium are proxies of ash. The potassium content were very high in the unwashed EFB and was reduced drastically in the first 5 min after undergoing soaking in all washed samples. Interestingly, the decreasing potassium and sodium contents are directly related to the decreasing ash content as suggested in the literature.1,2

The results from Figure 6 showed that around 50% of potassium and 75% of sodium were reduced in the ash of EFB by soaking the samples in 3 l of water for 5 min. As for soaking in 20 min, potassium was also reduced by around 55% and sodium was reduced by around 85%. Therefore, biomass with high alkali metal contents especially potassium can be dissolved very well of up to 70% by washing it with water.13,14

3.5 Thermogravimetric Analysis (TGA)

The thermal characteristics of the unwashed and washed EFB were analysed with the Pyris 1 TGA, which is a computer-controlled analyser. The TGA was performed under 100 ml min1 nitrogen over a continuous increase in temperature from 100C600C at a heating rate 10C min1. The thermal degradation characteristics of the unwashed and washed EFB are shown in Figure 7 and Figure 8 by the thermogravimetry (TG) and DTG, respectively.



[image: image]


Figure 6: TG curves of unwashed and washed EFB.



The washing procedure employed for the washed EFB gave an ash content of 2.98 mf wt% (treatment 5) and 1.54 mf wt% (treatment 4) whereas for the unwashed EFB was 5.19 mf wt% which is represented as the percentage of weight loss as a function of temperature shown in Figure 7. It shows that from 200C400C, the weight loss for all samples dropped significantly. The total weight loss was 92.8% for the unwashed EFB, 94.5% for the EFB with ash content 2.98 mf wt% and 98.7% for the EFB with ash content 1.54 mf wt%. The high weight loss for all samples is reasoned by the thermal degradation of polymer blocks of biomass such as hemicellulose, cellulose and lignin.28

The differential thermogravimetric (DTG) curves of the unwashed and washed EFB presented in Figure 8 are indicated by the derivative weight loss as a function of temperature. The main DTG peak is dominated by the composition of cellulose, hemicellulose and lignin. Yang et al.29 had previously studied that the decomposition of hemicellulose, cellulose and lignin were from 220C300C, 300C340C and 750C800C, respectively. Based on this, the peak appeared from 230C400C representing hemicellulose, cellulose and lignin degradation for the unwashed and washed EFB of this work. This result is in agreement with previous study done by Raveendran et al.30 and Jensen et al.31 They showed that clear temperature shifts were observed for several herbaceous biomasses by reducing inorganic content through water washing, and the shift in the decomposition temperature is due to the catalytic effect of the ash.
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Figure 7: DTG curves of unwashed and washed EFB.



This figure shows that the peak of the washed EFB with ash content 1.54 mf wt% is clearly shifted to higher temperature of around 370C compared to the other samples. Meanwhile, the washed EFB with ash content 2.98 mf wt% is slightly shifted to a higher temperature compared to the unwashed EFB of which the peak is around 330C. The shift of the peak for the washed EFB is due to the reduction of the alkali metals' content and inorganic materials by the water washing pretreatment.

The TGA results provided an independent verification of the catalytic effect in the removal of the ash content by the water washing pretreatment. The variation in the TGA curves with ash content is smooth and comparable, thus, the analysis provides a quick and cheap method for assessing the effectiveness of the washing pretreatments.

4. CONCLUSION

The water washing experiments were carried out to investigate the impact of residence time, the amount of water used and the effectiveness of employment of soaking and stirring methods. The water temperature used in all experiments was between 25C and 28C, which is the ambient temperature of Malaysia and the size of the EFB samples was fixed at 13 cm. For each of the experiments, 5 ashing tests were carried out which consisted of 3 ashing tests for the washed EFB, 1 ashing test for sediment and 1 ashing test for leachate. The mass balance closure for all washing experiments were mostly above 95%.

The water washing pretreatment in this study was sufficient to remove about 24.970.3% of ash where the ash content for the unwashed EFB was 5.19 mf wt%. The washed EFB has an average of 2.48 mf wt% of ash content which is the minimum requirement for obtaining ash content of less than 3 mf wt% if soaked in 3 l of water for 5 min.

Tap water was used in all washing experiments. The ash in tap water used in the Energy Laboratory of research work was found to be 0.0042 mf wt%. In terms of economical advantage, the cost of using tap water is very much less than distilled water. In Malaysia, the cost of using tap water is RM0.00022 per l; compared to distilled water which is RM1.80 per l (US$1.00 ≈ RM3.00). In this study, 3 l of tap water is enough to reduce ash content of 100 g EFB to less than about 3 mf wt% by soaking method which is around 100 times cheaper than using distilled water, making it more lucrative economically.

In general, water washing pretreatment is effective in removing alkali metals in ash. Soaking method is most effective in reducing about 50% of ash content supported by works done of Jenkins et al.1 and Di Blasi et al.11 Almost 90% of potassium and 98% of sodium can be removed in ash if soaked in 5 l of tap water for 30 min.

The TGA shows that the unwashed and washed EFB start to decompose at lower temperature of 200300C, while the DTG peak of the washed EFB occurs at a higher temperature of around 330370C. The peak of the TGA curves of the washed EFB shifted to higher temperature compared to the unwashed EFB due to the reduction of ash that leads to less catalytic effect.

5. ACKNOWLEDGEMENT

The authors would like to acknowledge and thank Universiti Sains Malaysia (USM) for the Short-term Grants 304/PFIZIK/6310087 and 304/PFIZIK/6310073, as well as the Research University Grant 1001/PFIZIK/814087 for fully funding the work described in this publication. Most of the experimental work was performed at USM, while Nuridayanti Che Khalid was simultaneously a postgraduate student at the university.

6. REFERENCES

1. Jenkins, B. M., Bakker, R. R. & Wei, J. B. (1996). On the properties of washed straw. Biomass Bioenergy, 10(4), 177200.

2. Das, P., Ganesh, A. & Wangikar, P. (2004). Influence of pretreatment for deashing of sugarcane bagasse on pyrolysis products. Biomass Bioenergy, 27(5), 445457.

3. McKendry, P. (2002). Energy production from biomass (Part 1): Overview of biomass. Biores. Technol., 83(1), 3746.

4. Raveendran, K., Ganesh, A. & Khilar, K. C. (1995). Influence of mineral matter on biomass pyrolysis characteristics. Fuel, 74(12), 18121822.

5. Bridgwater, A. V., Toft, A. J. & Brammer, J. G. (2002). A techno-economic comparison of power production by biomass fast pyrolysis with gasification and combustion. Renew. Sustain. Energy Rev., 6(3), 181246.

6. Abdullah, N. & Gerhauser, H. (2008). Bio-oil derived from empty fruit bunches. Fuel, 87(12), 26062613.

7. Fahmi, R. et al. (2008). The effect of lignin and inorganic species in biomass on pyrolysis oil yields, quality and stability. Fuel, 87(7), 12301240.

8. Zhu, W., Song, W. & Lin, W. (2008). Catalytic gasification of char from co-pyrolysis of coal and biomass. Fuel Process. Technol., 89(9), 890896.

9. Jones, J. M. et al. (2007). An investigation of the thermal and catalytic behaviour of potassium in biomass combustion. Proc. Combust. Inst., 31(2), 19551963.

10. Westberg, H. M., Bystrom, M. & Leckner, B. (2003). Distribution of potassium, chlorine and sulphur between solid and vapour phases during combustion of wood chips and coal. Energy Fuels, 17, 1828.

11. Di Blasi, C., Branca, C. & D'Errico, G. (2000). Degradation characteristics of strawand washed straw. Thermochim. Acta, 364(12), 133142.

12. Davidsson, K. O. et al. (2002). The effects of fuel washing techniques on alkali release from biomass. Fuel, 81(2), 137142.

13. Fahmi, R. et al. (2007). The effect of alkali metals on combustion and pyrolysis of Lolium and Festuca grasses, switchgrass and willow. Fuel, 86(1011), 15601569.

14. Yang, Y. C. et al. (2006). TG-FTIR Study on corn straw pyrolysis-influence of minerals. Chem. Res. Chin. Uni., 22(4), 524532.

15. Sulaiman, F. & Abdullah, N. (2011). Optimum conditions for maximising pyrolysis liquids of oil palm empty fruit bunches. Energy, 36, 23522359.

16. Abdullah, N., Gerhauser, H. & Sulaiman, F. (2010). Fast pyrolysis of empty fruit bunches. Fuel, 89, 21662169.

17. H-Kittikun, A. et al. (2000). Environmental management for palm oil mill. Internet conference on material flow analysis of integrated bio-systems, MarchOctober 2000.

18. Yusoff, S. (2006). Renewable energy from palm oil  innovation on effective utilization of waste. J. Clean Prod., 14, 8793.

19. Husin, M. et al. (2002). Research and development of oil palm biomass utilization in wood-based industries. Palm Oil Dev., 36, 15.

20. Chiaramonti, D., Oasmaa, A. & Solantausta, Y. (2007). Power generation using fast pyrolysis liquids from biomass. Renew Sust. Energ Rev., 11, 10561086.

21. Cuiping, L. et al. (2004). Chemical elemental characteristics of biomass fuels in China. Biomass Bioenergy, 27(2), 119130.

22. Dean, J. F. & Rains, T. (1969). Flame emission and atomic absorption spectrometry. New York: Dekker.

23. Molecular Design Institute. (Online). System Operation Procedures of Pyris 1 TGA. (Online). Retrieved from: http://www.nyu.edu/fas/dept/chemistry/mdi/pdfs/PyrislTGAUserManual.pdf. Accessed 13 July 2011.

24. The Electrical Conductivity meter (Online). Retrieved from: http://www.rrcap.unep.org/male/manual/national/12Chapter.pdf. Accessed 13 July 2011.

25. Yub Harun, N., Afzal, M. T. & Azizan, M. T. (2010). TGA analysis of rubber seed kernel. Int. J. Eng., 3(6), 639652.

26. Bridgwater, A. V., Meier, D. & Radlein, D. (1999). An overview of fast pyrolysis. Org. Geochem., 30(12), 14791493.

27. Maniatis, K. & Buekens, A. (1988). Fast pyrolysis of biomass. In Bridgwater, A. V. & Kuester, J. L. (Eds.). Research in thermochemical biomass conversion. New York: Elsevier.

28. Lee, K. H. et al. (2005). Influence of reaction temperature, pretreatment, and a char removal system of the production of bio-oil from rice straw by fast pyrolysis, using a fluidized bed. Energy Fuels, 19, 21792184.

29. Yang, H. et al. (2004). Thermogravimetric analysis-Fourier transform infrared analysis of palm oil waste pyrolysis. Energy Fuels, 18, 18141821.

30. Raveendran, K., Ganesh, A. & Khilar, K. C. (1995). Influence of mineral matter on biomass pyrolysis characteristics. Fuel, 74(12), 18121822.

31. Jensen, A. et al. (1998). TG-FTIR study of the influence of potassium chloride on wheat straw pyrolysis, Energy Fuels, 12(5), 929938.



[image: images]


OEBPS/images/page072_01.gif
»

CIC,

o1

) Slope

@005 -3284x 10"
® 001 3866x10°
A0l -1306x10"
w04 4617x10°

20 40 6 8 100 120 140 160 180 200

Time, min.





OEBPS/images/page066_01.gif
Feed
phase

+—Receiving
phase.

Supported membrane containing
organic liquid and carrier





OEBPS/images/page091_01.gif





OEBPS/images/page076_01.gif
01

= Zinc (1)
® Cobalt (I1)

100 150 200
Time, mi

250





OEBPS/images/page100_02.gif
X (%) =22 x 100
AH,





OEBPS/images/page089_01.gif





OEBPS/images/page100_01.gif
mple Composition (wi%)
LDPE/TPSS  KCF

LDPE/TPSS 100 0
LDPE/TPSS + 10% KCF 90 10
S +20% KCl 80 20
LDPE/TPSS + 30% KCF 70 30
LDPE/TPSS + 40% KCF 60 40

*Note: wi% - weight proportion





OEBPS/images/page108_01.gif
Weight (%)

haad

100

50

&0

20

o ower
S o%KcE
—v- d0sKCE

100

w0
Temperatwre ()

600





OEBPS/images/page127_02.gif





OEBPS/images/page014_01.gif
alcf;xylzol Benzyl xlcn(l'\ynl) conversion Selectivity (%)
molar ratio 5 Benzaldehyde Benzoic Acid
s 9.8 02
i s42 100 b
1115 549 9.9 01
12 545 100 )

Reaction conditions: 353K, 100 mg RHAC-NiPor. 10 ml CH:CN solvent, 4 h of reaction.





OEBPS/images/page014_02.gif
RHAC-NiPor

Conversion (%)

st recycle
2nd recycle
3rd recycle

533
518
49

Reaction conditions: 353K, 100 mg RHAC-NiPor, molar ratio of substrate: H:0;

acetonitrile (10 ml), 4 h.

2





OEBPS/images/page127_01.gif
Sample

Initial moisture

Moisture content

Moisture content

Moisture content

content after 24 h after 29 h after 68 h

(mf wt%) (mf wi%) (mf wt%) (mf wt%)
Sample 1 160.1 15.1 8.4 0.5
Sample 2 121.9 234 9.8 11
Sample 3 74.5 278 8.4 7.4






OEBPS/images/cover.gif
Journgl of
Physical Science

Vol. 24, No. 2| ISSN 1675-3402 | 2013





OEBPS/images/page008_01.gif





OEBPS/images/page037_01.gif
Iriphenyiphosphine Iriphenylphosphinc oxide ~ Triphenylphosphine sulphide
S
i

P(CHe)s PO(CHL), PS(CHe)s






OEBPS/images/page056_01.gif
Propert; Value
Saponification value 155 mg KOH ¢ oil
Peroxide value 7.20meq g’ oil

Todine value 5127¢100g" oil
Free fatty acids 00718 mg KOH ¢ oil
Acid value 0.1428 mg KOH ¢ ol
Viscosity 82t

Boiling point 124°C

Specific gravity 0.8480

Flash point 150°C

Cloud point 14°c

pit 52

Dielectric strength 2KV

Pour point ac

Density at 27°C 0.725gem™






OEBPS/images/page079_01.gif
®

s s z & =
(296 193354 wopseng

ST p———






OEBPS/images/page040_01.gif
w

0.1

Slope =-1.96

® e
'

01 1






OEBPS/images/page008_02.gif
Elemental analysis (%)

Sample -

€ H N si Ni
RHA 027 (1.10) D 36.66 D)
RHACNH, 13.15.(627) @44) 5.61(236) 2466 D
RHAC-NiPor 3598(44.17)  (1291)  8.06(6.83) 1697 081

“Values in bracket were obtained by CHN analysis





OEBPS/images/page132_01.gif
1

‘Weight Loss, %

00

80

60

40

20

~ash: 5.19 mf wt.% (unwashed EFB)
© ash: 2.98 mf Wt.% (treatment 5)
& ash : 1.54 mf wi.% (treatment 4)

200

300 400 500 600

Temperature,°C’





OEBPS/images/page071_01.gif
»

Slope

-0007M 2506 10"
®00IM  3866x10°
AomsM sssxi0’
w00 -6063x10°

01

N —
0 20 40 60 80 100 120 140 160 180 200 220
Time, min.





OEBPS/images/page103_01.gif
Torque (Nm)

Stablizaton Torque (Nm)

<

-

10

2 EY
KCF Losding (wt %)

(b)






OEBPS/images/page075_01.gif
o1

[NH Soln ) M
-

.
a

v

o
™
w
M

Slope
8149510
3866 10°
496x10°
4414 10°

2 4 0 0

100 120 140 160 180 200
Time, mis






OEBPS/images/page067_01.gif
Investigated parameter

Permeation rate
constant (k)

Permeability
coefficient (P)

s'x10° ems' < 10°
150 2363 29
Stirring rate, rpm 250 3.866 48
300 3.758 47
0.075 2.506 31
[CYANEX 925). M 0.015 3.866 48
0.025 5.88 73
0.04 6.063 15
0.005 3303 o
§ (o] 1581 20
[H:50.0. M 05 0.475 0.6
1.5 0312 04
0.005 384 o
1M 001 3.866 48
o1 1306 16
04 0.462 06
0.01 14 17
0.05 3305 4
[NH,SCN]. M () 3.866 48
02 403 50
05 4.165 52
0.1 0.1173 0.15
1 3.866 48
[NH,OH], M 3 4.96 62
5 1414 55






OEBPS/images/page015_01.gif
‘Time (h) Conversion (%)

1 209
2 218
3 22
4 25

Notes:

1. Reaction conditions: 353K, 100 mg RHAC-NiPor, molar ratio of substrate: H:0:
acetonitrile (10 mi). 4 h o reaction.

2. After removing the catalyst.






OEBPS/images/page088_01.gif
Particle size (nm) Concentration (ug ml™')

253-298 26.87-46.55
352-50.8 29.16-58.01
Intracellular, MPS. 39.2-52.9 5.38-6.85






OEBPS/images/page124_01.gif
Element Enmission wavelength Flame colour
Sodium (Na) 589 Yellow
Potassium (K) 766 Violet
Barium (Ba) 554 Lime Green
Calcium (Ca) 622 Orange
Lithium (Li) 670 Red






OEBPS/images/page128_01.gif
Ash content

Treatment no. Treatment (ot w%)
0 Untreated 519
1 Soaked 5 min, 51 266
2 Soaked 10 min.5 | 221
3 Soaked 20 min, 5 | 1.66
4 Soaked 30 min, 5 1 154
5 Soaked $ min, 31 298
6 Soaked 10 min, 3 1 259
7 Soaked 15 min, 3 1 243
8 Soaked 20 min, 3 1 217
9 Soaked 25 min, 3 1 197
10 Soaked 30 min, 3 1 189
1 Soaked 5 min, 21 319
) Soaked 5 min, 2.5 1 315
13 Soaked 5 m 298
14 Soaked 5 min, 3.5 1 282
15 Soaked 5 min, 41 279
16 2.66






OEBPS/images/page011_01.gif
. i
‘é}ﬂzﬁm DR
(b) . )
0 ol <
N 5 5 X\L/ | [






OEBPS/images/page009_01.gif
<«
1015

Q@
@ -101.28
o\
T 6693
-59.04
® 8471 9321
It
-50.37,
T2
-4130






OEBPS/images/page060_01.gif
Property

Jatropha oil

Transformer oil

Flash point (°C)

Pour point (°C)

Cloud point (°C)
Viscosity (est) at 27°C
Specific gravity at 27°C

Density (g ml™')
Dielectric strength (kV)

65

286
0.792
08162
20

150

4

14

82
0.8480
0725
2

140
-7

7
93
0.89
0.89
24






OEBPS/images/page26_01.gif
85

75

55 65
Initial pH
I I I B =

45

a

2

8 2 g =

) ey

)

a5

35

25

o)

a

©

2

9 g = o

) g





OEBPS/images/page078_01.gif
[(E— — -

st aa) s’
J“"Wv @ rn(2) 26x10°
oot 20’
Vﬂn,m' 9 ren(d) 2083x10°
2ssai0’ ) 1610
<
S
@
v
o ®
° w0 o

B e amaa
T B @ % ® % w v
Time, min.






OEBPS/images/page043_03.gif
Ink,

108

106

104

102

100
310

315

320

325 330

UTX 10° K

335

340

345

350





OEBPS/images/page043_02.gif





OEBPS/images/page110_01.gif
22 (]

]
.smbeg&r






OEBPS/images/page043_01.gif
[Pd.2(Ph,

[PdCI \(Ph.






OEBPS/images/page005_01.gif
An\quw swnjoA





OEBPS/images/page005_02.gif
Sample Spe

ccific surface area  Average pore volume  Average pore
(m’ g”) (cmg

") diameter (nm)

RHACNH, 253 0343 5.92
RHAC-NiPor 190 0.209 4.90






OEBPS/images/page118_01.gif
Major element (ppm)

Biomass
Al Ca Fe Mg Na K P si

Bagasse na 1518 125 6261 9 2682 284 17340
Coconut coir 148 477 187 532 1758 2438 47 2990
Coconut shell 7 1501 15 389 1243 1965 9 256
Coir pith 1653 3126 837 8095 10564 26283 1170 13050
Corn cob na 182 24 1693 141 9366 445 9857
Com stalks 1911 4686 518 5924 6463 32 2127 13400
Cotton gin waste na 3737 746 4924 1298 7094 736 13000
Groundnut shell 3642 12970 1092 3547 467 17690 278 10960
Millet husk na 6255 1020 11140 1427 3860 1267 150840
Rice husk na 1793 533 1612 132 9061 337 220690
Rice straw na a2 205 6283 5106 5402 752 174510
Subabul wood na 6025 614 1170 92 614 100 195
Wheat straw 2455 7666 132 4329 7861 28930 214 44440
EFB oil palm waste  na 14300 2900 1900 3300 86100 10600 19500

na- mot available





OEBPS/images/page129_01.gif
(wa/st) 53 jo je3ua

EEREN

Ll

& Percentage of ash reduction (%)
—e—Incremental of EC (yis/cm)

3 R 8 R 8 8 8 8 °

(%) uoonpas yse o a8e3usdi0g

20

Residence time (min)





OEBPS/images/page131_02.gif
Potassium and sodium

content (ppm)

1800

1600

1400

+% Ash Reduction
= Potassium (K)

1200
1000
800
600
400
200

0 5 10

15 20

Residence time (min)

&

100

80

60

40

20

Percentage of ash reduction (%)





OEBPS/images/page106_01.gif





OEBPS/images/page131_01.gif
AR
1800
40

| 10
00
s00
0
w0
200

‘m Percentage of ash reduction (%)
@ Incremental of EC (us/cm)

3 2 2 ] Bl 2
(5) uopInpe: yse Jo eBeres g

4

H

Amount of water (£)

55

35

25





OEBPS/images/page045_01.gif





OEBPS/images/page070_01.gif
i

Stirring rate sope

a1 rpm 2363x10°
. 250rpm 38663 10°
A 30mm a7s8x 10"

o1
o 2 4 s 8

Time. min.

PR





OEBPS/images/page045_02.gif
| Pd 2(Ph,P))





OEBPS/images/page074_01.gif
w

01

INH SCNIM
00
0.05M
oM
02M
0sM

taren

Stope.

3628x10°
3305x 107
3866 10°
403x10°

4165 x10°

)

2

W 6 8 10 120
Time. min.

140

180

180

200





OEBPS/images/page039_01.gif
w

01 slope=1.9
0.01
0.0001 0.001 001 01

[Ph.P|, M






OEBPS/images/page012_02.gif
Temperature (K) Benzyl alchohol Selectivity (%)
conversion (%) Benzaldehyde Benzoic Acid
303 28 100 0
323 265 100 0
333 316 99.9 0.1
343 354 99.9 0.1
353 401 9.8 02
373 330 9.4 06

Reaction conditions: 80 mg RHAC-NiPor, molar ratio of substrate: H

reaction.

1:1, 10 ml CH.CN solvent, 4 h of





OEBPS/images/page125_01.gif
Treatmentno.  Treatment

0 Untreated, sample not subjected to washing
1 Soaking for 5 min in 5 | water
2 Soaking for 10 min in 5 | water
3 Soaking for 20 min in 5 | water
4 Soaking for 30 min in 5 | water
5 Soaking for 5 min in 3 | water
6 Soaking for 10 min in 3 | water
7 Soaking for 15 min in 3 | water
8 Soaking for 20 min in 3 | water
9 Soaking for 25 min in 3 | water
10 Soaking for 30 min in 3 | water
1 Soaking for 5 min in 2 | water
12 Soaking for 5 25 1 water
13 Soaking for § min in 3 | water
1 Soaking for 5 min in 3.5 | water
15 Soaking for 5 min in 4 | water

16 Soaking for 5 min in 5 | water





OEBPS/images/page012_01.gif
OH

RHAC-NiPor

_—
CH;CN. H,0,,353 K, 4 h





OEBPS/images/page29_01.gif
1500

3000

5.00






OEBPS/images/backcvr.gif
Hickel Porphyrin Hybrid aterial Based on Functionalised Silca for the
Selective Oridation of Bonzyl Alcohal
Farcok Agam ans 0ol War-Ting

fungal ity o In-vitro Grown Earfill Scabrosa, a Malaysian Fungus on
Selocted Wood-dogracing Fungi of Rubberwood
Tooh Y1 Pang wrd Machta Mat Don

Salvent Extraction o Palladium(i) from Aqueaus Chiride Medium by
Triphenyphosphine, riphenylphosphine Oxide or Triphenyiphosphine Sulphide
in Benzene

Noglea £,

Production and Characterisaton of Biobased Transformer Oi rom Jalropha
Curcas Seod
Zaharddeen Nesics Garta, Casiric Emmanvel Gimba and Pl Emmanel

Transfer and Separation of Z0(I)/Cofl by Supported Liquid Membrane
Containing CYANEX 925 in Kerosene as Carrier
Mona S. Gasser, Nagla E. E-Hefny, Soad E Rizk and Jacqueine A. Deoud

oty and Jacquelne A. Decud

Blosynihesis of Silver Nanopartices from Schizophylum Commune and In-vitro
Antibacteral and Antifungal Actvity Studies
Chan Yon San and Mashitah Mat Don

The Effectof Kenat Core Fbre Loading on Propertis of Low Density
Polyethylene/Thermaplastic Sago Starch/Kenaf Core Fiber Composites
Norshafic Swifudin, Hanali smad and Zuraida Alvnoct

The Properties of the Washed Emply Fruit Bunches of OilPaim
Murhayati Abcuteh and Fouziah Sulsiman

*u' PENERBIT UNIVERSITI SAINS MALAYSIA-
Website: haphew penett sy

e sl s ey






OEBPS/images/page30_02.gif





OEBPS/images/page077_01.gif
Time (min) Y=27n/Zn; Y= Co/Cor

2 0.0136 -

5 0.0226 -

10 0.0498 -

30 0118 -

60 0226 0.009
9% 0348 0.0137
120 0498 0.024
150 0.561 0.028

Experimental conditions: [Zn ()] = [Cofl)] = 0.005 M, [NH SCN] = 0.1 M, [HSO] = 0.01 M
[H ] = 0.01, [Na:SO.] = 0.49 M. [NH:] Soln. = IM, [CYANEX 925] = 0.025 M.
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roup
4,5-Diamino-2- . Diverse

2 s C4HEN4O 126 functional 133

ydroxypyrimidine

group
4H-Pyran-4-one, 2,3- Diverse

3 838  dihydro-3S-dihydroxy-6-  CeHgOs 144 functional ~ 7.23
‘methyl- group

2(3H)-Furanone, 5-

4988} owldihydro- C11H2002 184 Ester 0.70

5 1181 Triacetin CoH1406 218 Ester 0.50
Diverse

6 1374  Sucrose Ci2H22011 342 functional  3.38
group
Diverse

7 15.75 L-Glucose CeH1206 180 functional 1151
group
- Diverse

8 1650  Trihydroxy-2- CloHIsNsOs 285 functional 2402
butoxymethyljguanine group
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Thermodynamic parameter Calculated value

Enthalpy change (AH) ~17.13 % 0.65 kI mol”’
Free energy change (AG) ~26.16 % 0.20 kI mol”’
Entropy change (AS) 30.32+£2.27 Jmol ' K
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Solid support dm (mm) Pore size (um) P(ums) < 10°
Mixed Cellulose ester 47 045 334
Cellulose Nitrate 47 02 481

Experimental conditions: Feed solution: 0.005 M Zn(ll) in 0.1 M NHSCN/SO. ; [H'] = 0.01; stripping
solution: 1 M NH solution: stirring rate = 250 rom: temperature: 25 + 1°C.
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Extractant, 0.1 M Distribution ratio, D Extraction percent, %

Ph;P 6.5 86.7
Ph;PO 0.08 7.4
Ph;PS 0.13 1.5
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Component /property Literature values Measured Method
Cellulose 59.7.38.1 57.8 -
Hemicellulose 22.1.16.8 212 -
Lignin 18.1.10.5 228 -
Elemental analysis

Carbon 48.9.48.8 46.36

Hydrogen 733,63 6.44 Combustion
Nitrogen 0.7,0.78 218 analysis
Sulphur 0.68,0.2 0.92

Oxygen 40.2.36.7 3891 By difference
K 241,224 - Spectrometry
K0 3.08-3.65 - .
Proximate analysis

Moisture - 4.68 ASTM E871
Volatiles 87.3.75.7 76.85 ASTM E872
Ash 3.02.43 5.19 NRI AP005
Fixed carbon 9.6.17 18.07 By difference
HHV (MJ/kg) 19.0. 17.86 20.54 Bomb calorimeter
LHV (MJ/kg) 172 - -
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Catalystmass  Benzyl alcohol conversion Selectivity (%)

(mg) (%) Benzaldehyde Benzoic Acid
30 307 99.3 0.7
50 329 996 04
80 40.1 %98 02
100 542 100 =
150 493 997 03

Reaction conditions: 353K, molar ratio of substrate: H:0, = 1:1, 10 mi CHLCN solvent, 4 It of
roaction.
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LDPE 108.3 7457

LDPE + TPSS + 10% 10: 7125
KCF
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Sample  Initial weight  Weight after Weight after Weight after
© first24h(2)  second 24 h (after third 20 b
48h) (2) (after 68 h) (g)
Sample 1 1403.27 539.55 468.77 466.30
Sample 2 1412.56 636.57 515.78 510.02
Sample 3 2528.62 1448.95 1134.25 1046.27
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Minimum inhibitory concentration, MIC

Wood-degrading fungi (g™
‘Water extract Methanol extract

Prcnoporus sanguineus > =
Schizophylhun commune >5 55
Lentinus sp. 250 125
Lentinus sajor-caju 500 125
Lentinus strigosus 5.00 2.50
Microporus affinis 1.25 0.61
Microporus xanthopus 125 0.61

*Tested concentration was at 5.0 ug ul . Activity concentration: weak activity: MIC > 5.0 ug ul'; moderate
activity: 1.0 ug ul” < MIC < 5.0 ug ul '+ strong activity: MIC < 1.0 ug ul".
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Propert; Value
Density at 29.5°C (min-max) 055-0.89 g om™

Viscosity at 27°C (min-max) 9327 est

Flash point (min-max) 140-155°C

Acid number (min-max) 0.01-0.03 mg KOH ¢ il
Diclectric strength (min-max) 25-40kV

Pour point (min-max) -$-(-6°C

Boiling point (min-max) 120-230°C

pH (min-max) 5582

Specific gravity at 20°C (min-max) 0.89-0.91

Saponification value (min-max) 150-244 mg of KOH ¢ ' il
Peroxide value (min-max) 5-10meqg ' oil

Todine value (min-max) 55-1202 100 g ' oil

Cloud point 7-15°C

Free fatty acid 0.01-0.08 mg KOH g " oil
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