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Abstract

:

The leather industry produces a high yield of solid hazardous wastes that generate a major impact on the environment. At the same time, the use of dyes by different manufacturing industries, including the footwear industry, creates large amounts of colored wastewater that is hard to treat. In this paper, potential adsorbents based on the functionalization of solid waste from leather in the removal of anionic dye Congo Red were studied. Twelve different functionalized adsorbents were analyzed in terms of dye removal. From those, the best adsorbents were characterized and tested to determine their life cycle, pH dependency and the resulting phytotoxicity of the treated dye baths. Different kinetic models were evaluated to describe this adsorption process. It was found that functionalized leather adsorbents presented multi-linearity behavior when removing Congo Red. Life cycle analysis showed that the adsorbents presented a high yield of absorption until the third cycle of operation, while phytotoxicity tested showed reductions up to 50% in the toxicity of the treated dye baths.
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1. Introduction


Wastewater pollution has become a serious problem worldwide. Specifically, wastewater from manufacturing industries that use large amount of dyes are generating abundant quantities of colored wastewater. Due to this, aquatic ecosystems have been severely impacted not only by the toxic, mutagenic and carcinogenic effects but also for the water quality due to changes in nutrients, inorganic sediments, and micropollutants [1,2,3,4]. Congo Red (CR) is an anionic dye that contains a benzidine compound (Figure 1), a carcinogenic and mutagenic substance. It is a toxic azo dye that can generate serious skin, genital, and eye irritations [5,6]. CR is most widely used due to its easy operation, low cost, and adhesion features. Due to its chemical structure, wherein aniline compounds are present, it is a harmful substance that seriously affects the environment [7].



The removal of these dyes using chemical reagents and microorganisms is a difficult process due to its complex molecular structure and stability against these kind of degradations as they are designed to be resistant to degradation or vanishing by agents [2,4]. Thus, many types of removal technology have been developed, such as adsorption, membrane filtration, chemical precipitation, ion exchange, flocculation, ultrafiltration, photocatalysis, ozonation techniques, and decomposition by microorganisms [2,8,9,10,11,12,13,14,15,16,17]. However, adsorption method has proven to be a promising method due to its efficiency, relatively low cost, reusability, and easy operation [9,18]. Congo red adsorption has been reported with adsorbents such as activated carbon with a removal efficiency of about 100% [19], activated carbon prepared from Aloe Vera leaves with a performance of almost 100% [20], jujuba seeds with a dye removal of 88% [21], roots of Eichhornia crassipes with 96% [22], and montmorillonite clay with 85% [23]. The use of solid waste as an adsorbent material has been extensively studied, however, such hazardous waste materials as leather have rarely been applied to this purpose. Leather can be functionalized to complete this and other tasks; but at present time, only some functionalizations have been reported for other uses. Studies reported leather functionalization with polysiloxanes for water repellency, leather finishing and preparation method; while, silanes have been used for antimicrobial activity and tanning [24,25,26,27,28].



The leather industry has become important in the economy of different countries but the impact on the environment by solid wastes has become overwhelming [29,30]. Destining this solid waste as adsorbent results as an interesting way to counteract the environmental effect produced by its own industry and also reuse the material in a cost-effective way. None of the above mentioned adsorbents can be considered as the reuse of a hazardous residual material with respect to the tanned leather residues from the footwear industry, as used in this work, thus shedding light on the use of these hazardous residues as a promising adsorbent material, especially in countries with a large leather tanning industry, that also produces a high yield of wastewater containing dyes.



In the present study, a new potential bio-adsorbent, capable of removing the anionic dye Congo Red (CR) from aqueous solution, was developed using solid wastes from the leather industry. However, leather by itself is not a suitable adsorbent material for this purpose; therefore, 12 different surface functionalizations were carried out in two types of milled leather to improve the adsorption capacity of this solid waste. The effect of pH and the life cycle of the produced adsorbents were analyzed, as well as phytotoxicity test of the treated dye baths.




2. Materials and Methods


2.1. Reagents


Congo Red (CR) (Figure 1) was purchased from Sigma-Aldrich and was used without any further purification. (3-Aminopropyl) triethoxysilane (APTES) was obtained from Chem Xinglu chemical (China), tetraethoxysilane (TEOS) from Yeshun (China) and dodecyltrimethoxysilane (DODEC) from LD Chem (China).




2.2. Adsorbents


Leather residues from footwear industry were obtained from Industrias Wilches S.A. (Bogota, Colombia), cut into pieces and then milled (particle size about 3.4mm for L1 and 6.8mm for L2) in a D6450 Hanau 11 (Condux, Maschinenbau GmbH& Co, Hanau, Germany). The pieces were washed using a cloth filter in order to remove any adhering dirt and air dried at room temperature for 48 hours. L1 particles showed a mean surface area of 332.73 mm2 and a mean pore area of 2.84 mm2. L2 particles showed a mean surface area of 359.06 mm2 and a mean pore area of 1.41 mm2.




2.3. Surface Functionalization


Twelve different functionalization processes were conducted at room temperature by adding 3 g of L1 or L2 substrate in 15 ml falcon tubes containing 10ml of MilliQ water with NaOH drops until reaching pH 13 as basal mixture. Then, 300 µl of APTES, TEOS or DODEC were added to the basal mixture to carry out the functionalization of the substrate. Half of the samples were later treated with 300 µl of glutaraldehyde to obtain the 12 different types of functionalization. All processes were left overnight and then, functionalized substrates were placed inside 1-inch PVC tubes and then dried at temperature room for 48 h. Tubes were closed at both ends using a mesh to contain the functionalized substrate that worked as adsorbents for further tests. As controls, non-functionalized substrates (L1 and L2) were used in all tests. The twelve types of adsorbents and the two controls with their corresponding code names are showed in Figure 2. Functionalizations were characterized using FTIR and SEM imaging.




2.4. Retention Time Test of Adsorbents


First, 8ml of MilliQ water was added on top of each adsorbents to determine their adsorption capacity and retention time. Then, capacity was calculated by measuring the dried weight of the adsorbent and its latter wet weight, while retention time was determined as the time taken by the first drop of water that came out from the adsorbent.




2.5. Dye Adsorption Tests


Adsorbents were placed into beakers containing 60 mg/l of CR dye in MilliQ water at pH 4, adjusted by adding few drops of 2M H2SO4, for 240 minutes at room temperature and under static conditions. Changes in absorbance were continuously monitored spectrophotometrically (ThermoFisher Scientific, Waltham, MA, USA) at a wavelength of 497 nm, which corresponds to the maximum adsorption peak of CR. CR removal was expressed in terms of percentage.




2.6. Effect of pH on Dye Adsorption


The two adsorbents that presented the highest CR removal from the previous test, were tested at different pH values from 3.0 to 8.0, using phosphate citrate buffer, with the same concentration of CR (60 mg/l) for five days. Changes in absorbance were determined spectrophotometrically by measuring the area under the plot from 400 to 700 nm. CR removal was expressed in terms of percentage. The amount of dye removed on the adsorbents was calculated as:


  q =    (   C i  − C  )  × V  m   



(1)




where q is the adsorption capacity (mg g−1); Ci is the initial dye concentration (mg L−1); C is the dye concentration at time t (mg L−1), respectively; m (g) is the mass of adsorbent; and V(L) is the dye solution volume.




2.7. Life Cycle Determination


The two adsorbents that presented the highest CR removal were reused again at its optimum pH (pH 3) for four more cycles to determine its life cycle. Color removal was measured at the beginning and in the end of each five-day cycle, for a total of 25 days of exposure. After each cycle the adsorbent was removed from the beaker, left it to dry at room temperature for two days, and introduced into a fresh CR preparation for the next five-day cycle.




2.8. Phytotoxicity Test


Sawgrass seeds (Fercon, Cali, Colombia) placed on paper filters inside petri dishes, were exposed to untreated and treated dye baths samples obtained from the dye adsorption experiments. MilliQ water was used as the positive control, while untreated 60 mg/L CR samples were used as negative controls. Three replicates were carried out at per each pH value and per type of adsorbent. Seeds were grown for five days under static conditions and light cycles of eight hours. Phytotoxicity was determined by counting the germinated seed and the stem length.




2.9. Microscopic Examination


Adsorbent samples before and after being exposed to dye baths were sputter with graphite and examined with a JEOL JSM 6490-LV (SEM) at 20kV (Universidad de los Andes, Bogota, Colombia).





3. Results and Discussion


3.1. Surface Functionalization


Adsorbents were functionalized as proposed in Figure 3. Some studies have reported similar mechanisms [31,32,33,34]. For the characterization of adsorbents, SEM images and Fourier transform infrared (FTIR) spectra were recorded (ALPHA, BRUKER, Billerica, MA, USA) for the functionalized adsorbents and for the untreated leather.



Figure 4 shows the spectra for the presence of each silane and main groups were labeled. Main common groups between the substrates are CH2, C=O, SiOSi. However, each substrate has more specific groups in each spectrum. For APTES, OH, NH2, SH and OH (out of plane) and C-N groups are present. For TEOS, groups like SiOH and for DODEC, groups as C-H, -OH and C-O are present. In the cases for the functionalizations including silanes and glutaraldehyde, there was a common group with a characteristic peak at approximately 750cm−1. It should be noted that since the untreated leather was tanned, its spectrum revealed the presence of amino and aldehyde groups.



Figure 5 shows the SEM images of untreated leather (a), functionalized leather with silanes (b, c and d) and functionalized leather with silanes and glutaraldehyde (e, f and g). Morphological changes between functionalization steps can be observed, while smoother surfaces can be appreciated after adding glutaraldehyde, probably due to the cross-linking properties of the molecule.




3.2. Retention Time Tests of Adsorbents


The adsorption capacity of each adsorbent was calculated using the retention by adding 8 ml of water on top of each adsorbent. Figure 6 shows the ability of each adsorbent to filter and retain water. In general, the retention time of L2 adsorbents was higher than those of the same type based on L1. However, the highest retention times were shown by adsorbents based on the surface functionalization of APTES for both L1 and L2, and surface functionalizations using glutaraldehyde for all silanes but only for L2. These results suggested that the retention time is highly dependent on the size of the particle material, and that the glutaraldehyde could play the role of crosslinking when the particle size was small enough.




3.3. Effect of The Adsorbents on Dye Removal


Figure 7 shows the percentage of dye removed by each adsorbent. In general, all functionalizations presented a higher dye removal than the controls. The presence of glutaraldehyde on the adsorbents did not promote the dye removal neither for L1 nor L2. The functionalizations based only on APTES, presented the highest dye removal, between 25% and 30% in four hours, which is clearly superior to the rest of adsorbents that presented dye removal of less than 15%. Therefore, APTES L1 and APTES L2 adsorbents were selected for the further tests and characterizations.




3.4. Dye Absorption on Different pH


The two selected adsorbents were exposed to 60 mg/L CR at pH 3–8 for more than 85 hours. Dye removal was monitored during the experiment to evidence the effect of pH on both the aqueous chemistry and the surface binding-sites of the adsorbent [34]. The effect of the adsorbents at different pH are shown in Figure 8. The percentage of dye removed increased as the pH decreased. The reaction equilibrium was reached at a time of 20 hours except for test at pH 5, that took 34 hours, 170% times higher. Adsorption processes carried out at pH equal of higher than six did not presented significant results, showing a pH barrier for these mechanisms. This could be because the adsorption process was driven by the electrostatic attraction between adsorbed H+ groups and the anionic dye [6,35], and since L1 and L2 are negatively charge, a repulsion between the anionic dye and the substrate surface will be boosted with an increase in pH, thus, decreasing the binding strength. These results are in agreement with those reported by Saleh et al. and Jagusiak et al. [1,36].




3.5. Langmuir and Freundlich Isotherm Models


A Langmuir linear model characterizes the generation of a monolayer adsorbate in the surface of the absorbent. It is expressed by the following equation:


   1   q e    =  (   1   K L   Q m   C e     )  +  1   Q m     



(2)




where qe is the quantity of dye adsorbed at equilibrium (mg g−1); Ce (mg g−1) is the unadsorbed adsorbate concentration in solution, KL is the Langmuir isotherm constant (L mg−1) and Qm is the maximum capacity of monolayer coverage (ml g−1).



The main feature of this model is expressed as a constant called the separation factor. It is dimensionless and is defined as:


   R L  =    1  1 +  K L  ×  C O     



(3)




where CO (mg L−1) is the initial concentration. The value of this separation factor indicates the adsorption nature as favorable (0 < RL < 1), unfavorable (RL > 1) or linear (RL = 1). Table 1 presents the values of the different parameters indicating that the adsorption isotherms were favorable, RL < 1 but close to the unity; therefore, related to reversible cases.



Freundlich linear model describes the adsorption isotherm for heterogeneous surfaces. Its linear form is expressed as:


  log  (   q e   )  = log  K f  +  1 n  log  C e   



(4)




where Kf (L g−1) is the Freundlich constant and n (g L−1) is the Freundlich exponent, describing the adsorption intensity. Table 2 shows values of n > 1, related to L-type isotherms, meaning that the relative adsorption decreases while the concentration of CR increases. Also, as the data fitted into this model (R2), it means that there was heterogeneity in the adsorbent surface [36].




3.6. Kinetics of the Adsorption Process


Two different kinetic adsorption models were analyzed to determine which one described better the experimental adsorption processes. A pseudo-first order model is expressed as follows:


  log  (   q e  −  q t   )  = log  q e  −  K 1   t 2.303   



(5)




where qe is the quantity of dye adsorbed at equilibrium (mg g−1), qt (mg g−1) is the quantity of dye adsorbed at time t (min), and K1 is the rate constant (g mg−1 min−1). As shown in Figure 9 and Table 3, with a mean R2 of 0.8085, some samples did not display good linearity.



The adsorption process was evaluated according to the Pseudo-second order, expressed by the following equation:


   t   q t    =    1   k 2   q e 2    +  t   q e     



(6)




where K2 is the rate constant (g mg−1 min−1); qe is the quantity of dye adsorbed at equilibrium (mg g−1) and qt (mg g−1) is the quantity of dye adsorbed at time t (min). As shown in Table 4 and Figure 10, the experimental data fitted with a mean R2 of 0.986 and the calculated kinetic model constants towards a pseudo-second order kinetics model.




3.7. Intra-Particle Diffusion Study


Intra-particle model was also used to analyze the experimental data of the dye adsorption processes. Assuming that the rate was controlled by pore size and intra-particle diffusion, under static conditions, the amount of dye adsorbed (qt) is proportional to the square root of time (t1/2), as per the relationship given by Weber and Morris [37], and expressed in the following equation:


   q t  =    k p   t  1 / 2    



(7)




where qt (mg g−1) is the dye adsorbed at time t (min) and kp is the intra-particle diffusion rate constant. Figure 11 depicts the intra-particle diffusion modelling, and as noticed, all processes presented multilinearity, indicating that two or more steps occurred during the adsorption processes. The first step corresponded to the external surface adsorption or instantaneous adsorption stage. The second step was characterized by a gradual adsorption stage, where the intra-particle diffusion was rate-controlled. The third step described the final equilibrium stage, where the intra-particle diffusion started to slow down due to the extremely low solute concentration in solution [36]. High yield external surface adsorption was only noticed at pH 3; however, intraparticle adsorption can be clearly distinguished from 10 to 35 min1/2 for pH 3 and 4. Adsorption processes at pH 5 showed intraparticle adsorption only after 35 min1/2, but above this pH adsorption processes adsorption did not show significant results during the studied time. The slopes for each pH and substrate per step are described as the rate parameter kp,i (i = 1–3) and listed in Table 5.




3.8. Life Cycle


Five adsorption cycles of five days each were carried out to determine the absorbance life cycle capacity of each filter. Figure 12 and Figure 13 showed the percentage and appearance of dye removal in each cycle using the same filter without any cleaning or recovery procedure. As it can be seen, both types of filter showed efficiencies of more than 90% during the first three adsorption cycles. In both cases, cycles 4 and 5 revealed the limit of life cycle expectancy of the filters, probably indicating a saturation point of the filter material. Although both substrates presented similar behaviors, smaller particles (L2) presented a slightly higher adsorption yield probably due to their larger surface area compared to that of larger particles.




3.9. Phytotoxicity


Figure 14 shows the phytotoxicity property of the untreated and treated dye bath after dye absorption. These results were obtained from the measurement of sawgrass germination seeds exposed to water (control), the untreated dye bath, and the dye baths after being exposed to the adsorbents (treated dye baths). Seed germinated under treated dye baths grew significantly more than those exposed to the untreated dye baths. In general terms, there was no significant difference in terms of toxicity decrement between adsorbents with a smaller particle size (L2) than those with larger particle size (L1). However, the use of adsorbents clearly reduced the phytotoxicity of the dye baths, demonstrating not only a color removal, but also a reduction of the toxicity during the process.




3.10. SEM Photographs


Figure 15 show SEM photographs of APTES L1 (top) and APTES L2 (bottom) before and after a dye bath exposure. As it can be noticed, the porosity of the material before exposure (a) was higher than that shown in the adsorbent materials after the dye bath exposure (b), confirming the adsorption process that took place. It can also be noticed that the smaller particle adsorbent (L2) presented a higher surface area than the adsorbent with a larger particle size (L1).





4. Conclusions


Functionalized solid hazardous waste from the leather industry was used as an adsorbent for the removal of organic contaminant from aqueous solutions. Different types of functionalizations were tested and the two most promising ones were selected in order to determine the ability of removal at different pH. Their potential to adsorb anionic dye was higher at low pH, also in agreement with reductions up to 50% in the phytotoxicity of the remaining treated dye bath. The results obtained showed a very promising use in the removal of dyes under acidic conditions, and moreover, it demonstrates the possibility to use the waste leather from the footwear and textile industry to treat the dye baths used as a supply for the same industries. These results support, in principle, the use of these hazardous residues, especially in countries with a large leather tanning industry that are also related to the presence of high yields of wastewater containing dyes and a poor disposition of residual tanned leather.
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Figure 1. Molecular structure of Congo Red (CR) dye. 
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Figure 2. Surface functionalization representations of the adsorbents. 
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Figure 3. Proposed functionalization mechanism for each type of silane. (a) APTES, (b)TEOS, (c) DODEC, (d) APTES + glu, (e) TEOS + glu and (f) DODEC + glu. 
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Figure 4. FTIR spectra of APTES (a), TEOS (b) and DODEC (c) for Leather (-), Leather functionalized with a silane (…) and leather functionalized with a silane and glutaraldehyde (--). 
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Figure 5. SEM photographs of (a) untreated leather, (b) APTES, (c) TEOS, (d) DODEC, (e) APTES+glu, (f) TEOS+glu and (g) DODEC+glu. 
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Figure 6. Filtration and retention of water by the adsorbents. 
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Figure 7. Percentage of CR removal in aqueous solution for APTES L1 (-●-); APTES L2 (…○…); APTES+glu L1 (--▼--); APTES+glu L1 (-..-△-..-); DODEC L1 (--■--); DODEC L2 (- . -□- . -); DODEC+glu L1 (--♦--); DODEC+glu L2 (-♢-); TEOS L1 (…▲…); TEOS L2 (--▽--); TEOS+glu L1 (-..-⬢-..-); TEOS+glu L2 (--⬡--); L1 (- . -●- . -); L2 (--○--). 
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Figure 8. Percentage of CR removal at different pH for pH3 L1 (-●-); pH3 L2 (…○…); pH4 L1 (--▼--); pH4 L2 (-..-△-..-); pH5 L1 (--■--); pH5 L2 (- . -□- . -); pH6 L1 (--♦--); pH6 L2 (-♢-); pH7 L1 (…▲…); pH7 L2 (--▽--); pH8 L1 (-..-⬢-..-); pH8 L2 (--⬡--). 
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Figure 9. Pseudo-first order adsorption kinetics of CR for pH3 L1 (-●-); pH3 L2 (…○…); pH4 L1 (--▼--); pH4 L2 (-..-△-..-); pH5 L1 (--■--); pH5 L2 (- . -□- . -); pH6 L1 (--♦--); pH6 L2 (-♢-); pH7 L1 (…▲…); pH7 L2 (--▽--); pH8 L1 (-..-⬢-..-); pH8 L2 (--⬡--). 
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Figure 10. Pseudo-second order adsorption kinetics of CR for pH3 L1 (-●-); pH3 L2 (…○…); pH4 L1 (--▼--); pH4 L2 (-..-△-..-); pH5 L1 (--■--); pH5 L2 (- . -□- . -); pH6 L1 (--♦--); pH6 L2 (-♢-); pH7 L1 (…▲…); pH7 L2 (--▽--); pH8 L1 (-..-⬢-..-); pH8 L2 (--⬡--). 
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Figure 11. Intra-particle diffusion plot of CR adsorption for pH3 L1 (-●-); pH3 L2 (…○…); pH4 L1 (--▼--); pH4 L2 (-..-△-..-); pH5 L1 (--■--); pH5 L2 (- . -□- . -); pH6 L1 (--♦--); pH6 L2 (-♢-); pH7 L1 (…▲…); pH7 L2 (--▽--); pH8 L1 (-..-⬢-..-); pH8 L2 (--⬡--). 
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Figure 12. CR removed per cycle of APTES L1 and L2 adsorbents. 
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Figure 13. Dye removal process using APTES L1 (left group) and APTES L2 (right group) adsorbents. From left to right in each group: (A) Original Dye preparation, (B) water treated from cycle 1, (C) water treated from cycle 2, (D) water treated from cycle 3, (E) water treated from cycle 4 and (F) water treated from cycle 5. 
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Figure 14. Percentage of phytotoxicity of the untreated and treated dye baths carried out at different pHs. 
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Figure 15. SEM photographs of APTES L1 (Top) and L2 (Bottom) before (a) and after (b) dye exposure. 
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Table 1. Langmuir Isotherm data for the two types of substrates.
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L1

	
L2




	
Isotherm Parameters

	
Values

	
Isotherm Parameters

	
Values






	
Qm(mg g-1)

	
3831

	
Qm (mg g-1)

	
746.27




	
KL (L mg-1)

	
0.001659

	
KL(L mg-1)

	
0.000080




	
RL

	
0.9095

	
RL

	
0.9952




	
R2

	
0.99

	
R2

	
0.99
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Table 2. Freundlich isotherm data for the two types of substrates.
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L1

	
L2




	
Isotherm Parameters

	
Values

	
Isotherm Parameters

	
Values






	
n

	
1.015

	
n

	
1.003




	
Kf

	
0.30

	
Kf

	
0.30




	
R2

	
0.99

	
R2

	
0.99
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Table 3. Pseudo-first order data for different pH and two types of substrates.
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Parameters

	
L1

	
L2




	
pH3

	
pH4

	
pH5

	
pH6

	
pH7

	
pH8

	
pH3

	
pH4

	
pH5

	
pH6

	
pH7

	
pH8






	
qecalculated

	
3.18

	
3.30

	
2.44

	
0.32

	
0.38

	
0.12

	
3.04

	
3.32

	
2.38

	
0.50

	
0.33

	
0.06




	
K1calculated

	
0.002

	
0.002

	
0.001

	
0.001

	
0.001

	
0.001

	
0.002

	
0.002

	
0.001

	
0.001

	
0.000

	
0.001




	
qeexperimental

	
0.17

	
0.48

	
1.49

	
3.31

	
3.23

	
3.48

	
0.11

	
0.54

	
1.57

	
3.11

	
3.25

	
3.56




	
R2

	
0.97

	
1.00

	
0.61

	
0.90

	
0.91

	
0.79

	
0.95

	
0.99

	
0.68

	
0.94

	
0.76

	
0.19
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Table 4. Pseudo-second order data for different pH and two types of substrates.
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Parameters

	
L1

	
L2




	
pH3

	
pH4

	
pH5

	
pH6

	
pH7

	
pH8

	
pH3

	
pH4

	
pH5

	
pH6

	
pH7

	
pH8






	
qecalculated

	
0.18

	
0.48

	
1.54

	
3.32

	
3.24

	
3.49

	
0.11

	
0.55

	
1.62

	
3.12

	
3.26

	
3.56




	
K2 calculated

	
0.00

	
0.12

	
1.18

	
5.50

	
5.24

	
6.07

	
0.01

	
0.30

	
2.63

	
1.70

	
12.93

	
19.70




	
qeexperimental

	
0.17

	
0.48

	
1.49

	
3.31

	
3.23

	
3.48

	
0.11

	
0.54

	
1.57

	
3.11

	
3.25

	
3.56




	
R2

	
0.97

	
0.99

	
0.96

	
1.00

	
1.00

	
1.00

	
0.96

	
0.99

	
0.97

	
1.00

	
1.00

	
1.00











[image: Table] 





Table 5. Intra-particle diffusion data for different pH and two types of substrates.
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Parameters

	
L1

	
L2




	
pH3

	
pH4

	
pH5

	
pH6

	
pH7

	
pH8

	
pH3

	
pH4

	
pH5

	
pH6

	
pH7

	
pH8






	
kp1

	
0.003

	
0.002

	
0.002

	
0.006

	
0.003

	
0.002

	
0.021

	
0.002

	
−0.014

	
−0.008

	
0.003

	
0.003




	
kp2

	
0.464

	
0.145

	
0.052

	
0.003

	
0.030

	
0.002

	
0.517

	
0.080

	
0.046

	
0.013

	
−0.001

	
0.002




	
kp3

	
0.006

	
0.008

	

	
0.004

	
0.004

	
0.001

	
0.004

	
0.009

	

	
0.007

	
0.007

	
0.001
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