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Abstract

:

Chitin-char is obtained from fast pyrolysis of chitin. To obtain the maximum surface area, chitin-char is treated by nitric acid. Then, a kind of new arsenic removal bio-material is prepared by loading Ca(OH)2 on the char (called Ca(OH)2-char). IR spectroscopy before and after char treatment reveal at least three distinct patterns of peak changes. An adsorption study is performed at different doses, pHs, and coexisting ions in the batch mode. The adsorption kinetics follows two first-order equations. Kinetic studies yield an optimum equilibrium time of 2 h with an adsorbent dose of 0.4 g/L and concentration of 10 mg/L. Using only 0.4 g/L of carbon, the maximum removal capacity is about 99.8%. The result indicates that the Ca(OH)2-char has a high adsorption capacity in the process of removing arsenic (III).
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1. Introduction


Arsenic has harmful effects on humans, plants and animals. Incidents of arsenic contamination in groundwater have been reported all over the world [1]. Chronic exposure to arsenic concentrations above 100 μg/L can cause vascular disorders, such as dermal pigments (Blackfoot disease) and skin, liver and lung cancer [2,3].



In water, it is commonly found in inorganic arsenic species, such as arsenite (AsO33−) and arsenate (AsO43−), referred to as As(III) and As(V), respectively. Greater attention is required for the removal of As(III) from groundwater due to its higher toxicity and mobility, which mainly arise from its neutral state (H3AsO3) in groundwater as compared to the charged As(V) species (H2AsO4−, HAsO42−), which predominate near pH 6–9 [4,5,6,7]. This also correlates with the less efficient removal of As(III) by conventional water treatment processes [8].



Application of adsorbents for removal of arsenic has drawn attention due to higher adsorption capacity and repetitive use of the material. Among those adsorbents, iron oxide-based adsorbents, for example, granular ferric hydroxide, are highly efficient for As(III) removal [9]. The agricultural by-products and/or bio-materials are also of the utmost importance because of their low cost, availability and reasonably high adsorption capacities. A wide range of agricultural by-products and bio-materials have so far been studied in the view of determining efficient and cost-effective adsorbents. Red mud [10], blast furnace slag [11], bio-char [12,13,14,15,16,17], iron oxide [18,19], nano-iron and iron-loaded activated carbon [20,21] and so forth have been studied by the researchers, considering their prospect to be converted as adsorbents. Chitin [22,23,24], the second-most abundant natural polysaccharide, is widely spread in shells of crabs, shrimps, insects, fungal cell wall, etc. It is mainly composed of the acetylglucosamine units (the acetamido group at the C-2 position). Being a renewable and biodegradable material that currently has few uses, chitin plays a significant role in state-of-the art-research in an attempt to valorize it and replace non-renewable materials. The chitin-char properties differ from those of lignocellulose-char due to its acetamido group, which are influenced by various factors, such as surface area, functional groups, cation and anion content, etc. These properties usually lead to high adsorption, and hence, the char as an adsorbent material becomes possible.



Kinetics is an important subject in the research of adsorption. Different kinetic models based on analysis of adsorption processes were established [25,26,27]. However, the effects of such parameters as adsorbate, adsorbent, temperature, pH, etc. on adsorption processes are so complicated that there is no universal adsorption rate equation [28,29,30,31,32].



In the present study, chitin was fast pyrolyzed in a tubular furnace pyrolysis reactor (500 g/batch) under such conditions as 390 °C and 6 × 10−2 Pa. The basic objectives of the present investigation have been:




	(1)

	
Obtaining a maximum surface area; showing the influence of common ions (NaCl, NaHCO3 and Na2SO4).




	(2)

	
Demonstrating arsenic removal by char from water/wastewater at different pHs.




	(3)

	
Obtaining adsorption kinetics to establish the mechanism.










2. Materials and Methods


2.1. Pyrolysis of Chitin


Chitin-chars were produced by pyrolyzing chitin (buy from Golden-Shell Pharmaceutical Co., Ltd, Yuhuan, China) in a tubular furnace pyrolysis reactor. The pyrolysis apparatus used has been previously described [33,34]. It was dried at 60 °C before pyrolysis for 2 h. Each feed was ground and sieved to a particle size of 2–6 mm before use. The pyrolysis temperature of 390 °C and vacuum pressure of 6 × 10−2 Pa was adopted during the process of pyrolysis. The char was ground and sieved to a particle size of 1–3 mm before use.




2.2. Treatment with Nitric Acid


The char from chitin pyrolysis was further treated by HNO3 with a concentration of 1–20 wt. %. The mixture with a solid to liquid ratio of 1:5 was refluxed for 1 h, and then solid was collected by filtration, washed with water until the filtrate tested neutral to pH paper and dried to constant weight at about 105 °C. Char was sieved, and the particle size fraction from 20 to 32 meshes was subsequently characterized and further used.




2.3. The preparation of Ca(OH)2-Loaded Chars


Ten grams of HNO3-treated chars in a sealed glass bottle were soaked in 100 mL of Ca(OH)2 solutions with a series of concentrations (0.025, 0.05, 0.075, 0.1 and 0.15 wt. %) for 1 h at 100 °C and then unsealed, evaporated and dried to constant weight at about 105 °C. Thus, chars with a series of base capacities (i.e., the content of Ca(OH)2 in char is 2.5, 5, 7.5, 10, 15 mg/g) were developed by the addition of Ca(OH)2.



The chars before and after loading were analyzed by infrared spectroscopy on a Thermo Electron Corporation IR 300 spectrometer (Thermo Electron Corporation, Waltham, MA, USA) between 400 and 4000 cm−1, with 50 scans being taken at 2 cm−1 resolution. Char samples were ground in an agate mortar and then mixed with KBr (Merck KGaA, Darmstadt, Germany, for spectroscopy) at an approximate ratio of 1/400. Pressing at 10 t/cm2 for 3 min with a Perkin–Elmer hydraulic press (PerkinElmer Instruments Co. Shanghai, China), under vacuum generated pallets. The spectrum of a similar thickness KBr pellet was used as background.




2.4. Reagents and Equipment


Reagents were all AR-grade. Stock solutions (1000 mg/L) of the test reagents were made by dissolving NaAsO2, in deionized water. Feeding solutions were prepared by the dilution of stock solutions, and their pH was adjusted to 8.0 with nitric acid (0.1 N) or sodium hydroxide (0.1 N).



The pH measurements were made using an Orion pH meter (Thermo Electron Corporation, Waltham, MA, USA).



The concentration of arsenic in solution was determined on an atomic fluorescence spectrophotometer (PF6, Puxitongyong Instrument Corp., Beijing, China) coupled with a hydride generator. The detection limit of the instrument is 0.1 μg/L. Sample blanks were analyzed for correction of background effect on instrument response.



Chars were characterized by a surface area and pore size analyzer (Micromeritics ASAP 2020 Surface Area and Porosity Analyzer Software V3.00, Micromeritics instrument Ltd). The N2 isotherms were determined in. About 0.10 g of sample was outgassed at 250 °C for 12 h, prior to effecting adsorption measurements.




2.5. Adsorption Procedure


Batch adsorption studies were performed to obtain both rate and equilibrium data. Bottles (250 mL) were filled with 100-mL solutions of As(III) (10 mg/L) for kinetic investigation. Other dilute solutions containing arsenic (10 mg/L) were dispensed in 20-mL aliquots in 50-mL Erlenmeyer flasks (Sichuan Shubo co. Ltd, Chengdu, China), and then they were shaken in a rotary shaker at 200 rpm at 25 °C, and the necessary analyses were made during the adsorption period. Adsorption studies were performed at different adsorption doses, pHs, coexisting ions, and adsorption time. A known amount of Ca(OH)2-char was added to each bottle followed by shake for specified times to a maximum of 12 h. The contact time and conditions were selected based on preliminary experiments, which demonstrated that equilibrium was established in about 2 h for 10 mg/L. After this period, solutions were filtered using a 0.2 membrane filter (Millipore Corporation, Burlington, MA, USA), and the remaining concentrations of arsenic were determined. The adsorbed arsenic was calculated by difference between the initial and equilibrium concentrations in solution.




2.6. Effect of Coexisting Ions


The effect of common ions (NaCl, NaHCO3 and Na2SO4) on the adsorption of arsenic onto the Ca(OH)2-char was investigated. The molar ratio of them to arsenic was 1–10:1. Twenty milliliters of arsenic solution (10 mg/L) with added ions was adjusted to pH 8.5 and mixed with 40 mg Ca(OH)2-char with Ca(OH)2 capacity of 15 mg/g. The mixtures were equilibrated at 25 °C for 6 h with mild shake (200 rpm) and the concentration of residual arsenic was analyzed.




2.7. Kinetic Studies


At 25 °C, 2 g of Ca(OH)2-char was added to stoppered flasks (250 mL) containing 100-mL solutions of arsenic (10 mg/L) in a mild shaker (200 rpm). Samples were taken at different time intervals and analyzed.




2.8. Quality Control


All batch isotherm tests were replicated three times, and the blanks were run in parallel to establish accuracy, reliability and reproducibility. All glassware was presoaked in a 10% HNO3 solution, rinsed with deionized water and oven-dried. Blanks were run and corrections applied if necessary. All solutions analyzed were filtered using membrane filters with a 0.45-µm pore size. All the observations were recorded in triplicate, and average values are reported.





3. Results and Discussion


3.1. Specific Surface Area


As represented in Figure 1, the surface area has a lower value (32.9 m2/g) for the initial chitin-char; after 1% HNO3 treatment 1 h, the value sharply increases to 283 m2/g. The difference could be due to the removal of considerable pyrolysis by-products (especially minerals) present in the char surface, which could cause pore blockage. The surface area reaches the highest value (342 m2/g); after that, the value gradually decreases with the increase in nitric acid concentration. The phenomenon can be explained in such a way that the pore structure is partly destroyed, which results from excessive oxidation of surface carbon because of higher nitric acid concentration. Based on this, 10% HNO3-treated char was subsequently used as the Ca(OH)2-loaded material.




3.2. Adsorption Experiments for Different Samples


The rate of As(III) uptake was studied versus the HNO3-treated chars without Ca(OH)2 or with 2.5, 5, 7.5, 10, or 15 mg/g of Ca(OH)2 (Figure 2). From Figure 2, the uptake rate increases as the amount of Ca(OH)2 increases. The adsorption rate reaches the highest value (99.8%) for the char with 10 mg/g of Ca(OH)2. Arsenic removal of the HNO3-treated chars without Ca(OH)2 has only 56.2%. A further experiment states the original char before the HNO3 treatment has worse adsorption (merely about 28%) than those treated chars. So, 10% HNO3-treated char with 10 mg/g of Ca(OH)2 was subsequently used as the adsorption material.




3.3. IR Characterization


The infrared spectra of the carbonaceous adsorbents are shown in Figure 3. These display bands due to different oxygen-containing surface groups (C=O, C–O, –OH) and others (C-NH, –CH2, NH2, aromatic rings). These possible peaks are listed in Table 1. Their spectra are similar in shape and in their intensities. Since chitin was charred at relatively low temperatures, only partial aromatization occurred. A band at 3692 cm−1 appears at the high wavenumber that can be allocated to free hydroxyl groups. A new band (1716 cm−1) is observed in the spectrum of HNO3-treated char that denotes a certain amount of carboxylic acids, which should partly be from nitric acid oxidation. The band (1716 cm−1) disappears in the spectrum of Ca(OH)2-loaded char that shows carboxylic acid is an active group of adsorption. In spectrum 3, there is also a small band just above 1500 cm−1 that might be from the newly formed carboxylate anion, whereas bands that are related to amide and which are more present in initial char and the Ca(OH)2-loaded one are reduced or disappear: 1430 and 870 cm−1 by ammonium nitrate. The bands near 1022 cm−1 were due to the stretching vibration of C–O bond from C=O because of cations addition.



These groups (hydroxyl, carboxylic acid, amine) on the char confer significant hydrophilic character, which aids the fast diffusion and removal of ionic solutes from aqueous solution because of little internal transfer resistance.



To clearly elucidate the surface groups and mechanism of Ca(OH)2 load, Scheme 1 shows these hydrophilic groups and the process of Ca(OH)2 load. According to the adsorption state, two adsorption models are established, ion-absorbing type and precipitation type. This highlights that the pore structure of the adsorbent is effectively helpful to home position ion exchange or crystallization.




3.4. Adsorption Studies


The rate of As(III) uptake was studied versus char dose at 0.02, 0.05, 0.1, 0.2, 0.4, 0.8 and 1.0 g/L (Figure 4). The uptake rate increases as the amount of char increases. The adsorption rate increases substantially when the dosage increased from 0.02 to 0.4 g/L. Therefore, char dose was held at 0.4 g/L in all studies. For 0.4 g/L char dose, the adsorption capacity is 24.95 mg/g more than the values reported in the literature, such as Biochar produced from municipal solid wastes (24.49 mg/g) [35], cattle bone char (0.399 mg/g) [36], perilla leaf biochar (7.21 mg/g) [37], peanut shell biochar (7.94 mg/g) [38] and Virgin coniferous wood biochar (1.8 mg/g) [14]. Arsenite content of solution decreased from 10 mg/L to 0.02 mg/L close to the World Health Organization’s Guidelines for Drinking-water Quality (0.01 mg/L).



Experiments were conducted to determine the optimum pH for the arsenic uptake by Ca(OH)2-chars (Figure 5). Initial concentration of 10 mg/L was used. The greatest adsorption occurred at pH 8–11. Thus, all experiments were subsequently conducted at pH 8.5.



Neutralization and precipitation are two competitive parallel processes at lower pH values. Neutralization of H+ and OH− is predominant at lower pH values that lead to lower arsenic removal. Additionally, smaller adsorption values observed at low pH are also attributed to diffusion competition between the nitrate and arsenic ions, OH− released by chars into the solution. At high pH values, arsenic removal from solution is enhanced by metal oxide precipitation. The lowest concentration of arsenic (III) is about 0.3 mg/L and is reached when the solution is saturated with Ca(OH)2 [39]. The value may be lower because of profitable metal oxide precipitation due to adsorption.



The dominant species of arsenic in aqueous solution correlates closely with pH of the solution. Trivalent arsenic is stable at pH 0–9 as neutral H3AsO3, while H2AsO3−, HAsO32− and AsO33− exist as stable species in the pH intervals 9–12, 12–13 and 13–14, respectively [39,40]. While Ca(OH)2–char was added to arsenic solution, all pores of char were instantly filled with water, and saturated Ca(OH)2 solution was first produced in pores, which should have higher pH values (should be above 12) than feed solution; thus, precipitation should be CaAsO2OH·1/2H2O based on references [39,41].



Figure 6 shows the effect of common ions Cl−, HCO3− and SO42− (NaCl, NaHCO3 and Na2SO4) on the adsorption of arsenic onto the Ca(OH)2-char. The Cl- ion at molar ratios up to 10 has no effect on As(III) uptake, whereas arsenic adsorption decreases with increasing molar ratio of ions to arsenic from 99.8 to 46.9% and 82.8% for HCO3− and SO42−, respectively. Such behavior of As(III) adsorption in presence of interfering ions should be due in large part to producing CaCO3 or CaSO4 not dissolved in water. It is informative for in-situ remediation using Ca(OH)2-char due to the coexistence of competing anions in natural groundwater. That is, more doses should be necessary in practical application.




3.5. Adsorption Mechanism


Three-stage adsorption mechanism had been described by other researchers [42,43]. In the 3-stage model, such different stages as the external surface adsorption, the gradual adsorption and the final equilibrium stage were considered based on the fit of time t1/2. In fact, different adsorptions should take place simultaneously during the whole process.



To further understand the adsorption mechanism of arsenic, the final pH value at adsorption equilibrium has been measured, and its value is 11.1. The rise of pH in the system must be due to the exchange interaction between char and solution. This indicates that the adsorption is dominated by an ion-exchange mechanism during the entire adsorption period. Substantial hydroxyl ions in the pore of char are released into the solution by ion exchange; by contrast, AsO2− diffuses from feed solution into the pore, and then Ca2+ or amine is able to take part in the reactions in the following manner:


nCa(OH)2 + nAsO2− + n/2H2O = n CaAsO2OH·1/2H2O +nHO−



(1)






nC–CNH3(NO3) + nAsO2− = nC–CNH3(AsO2) + nNO3−



(2)







These reactions lead to solution basification during adsorption. Excessive accumulation of AsO2− is capable of reacting with calcium ion to form precipitates, and they are adsorbed in pores as a reaction formula (1). Thus, home position crystallization is considered to be the predominant adsorption mechanism on the Ca(OH)2-chars during the adsorption period. Additionally, amine can adsorb AsO2− from solution through ionic exchanging as reaction Formula (2). These reactions are fast due to high calcium ion concentration and plentiful amine in pores so that reaction rates are higher than the diffusion in the initial stage. The reaction rate decreases with the decrease in calcium ion concentration in pores until the reaction rate and the diffusion of AsO2− are equal. The adsorption rate reaches the highest level at this time. Here, the rate is called the extreme adsorption rate, which is represented symbolically by rec, the time is called the characteristic adsorption time, which is represented symbolically by tec and the AsO2− concentration is called characteristic adsorption concentration, which is represented symbolically by Cie. After that, the reaction rate and the diffusion of AsO2− will always be equal, and the reaction rate decreases with decreasing concentrations of AsO2− to new adsorption equilibrium. Thus, there are two stages (initial and final stages) during the entire adsorption process. The ion exchange behavior is presented in Scheme 2.




3.6. Kinetic Studies


The kinetic treatment is based on six assumptions as shown below:




	(4)

	
There is a maximum adsorption rate during the entire adsorption process, and the adsorption rate gradually increases with increasing porous AsO2− concentration in the initial stage; after that, the adsorption rate gradually decreases with decreasing AsO2− concentration in the final stage.




	(5)

	
While Ca(OH)2–char was added to arsenic solution, all pores of char were instantly filled with water, namely initial diffusion of water molecule is negligible because of its good hydrophilicity. After that AsO2− rapidly diffuses into pores from solution and reaches an equilibrium concentration between outside and inside pores.




	(6)

	
In the initial stage, concentration of Ca2+ in pore is higher and close to Ca(OH)2 saturated water solution.




	(7)

	
Home position crystallization is the predominant adsorption mechanism on the chars during initial adsorption period and adsorption rate depends on the concentration of AsO2− in pore from initial zero to an equilibrium concentration (Cie). After that, the concentration of AsO2− in pores decreases because of further ion-exchange reaction.




	(8)

	
Ion-exchange is the predominant adsorption mechanism during the final adsorption period and adsorption rate depends on the concentration of AsO2− in pores from the initial equilibrium concentration Cie to the final equilibrium concentration (Cfe).




	(9)

	
The rate of deadsorption is negligible compared to the rate of adsorption.









Figure 7 shows arsenic removal measured as a function of time. The arsenic concentrations range from 10 to about 0 mg/L in solution during the adsorption process. The equilibrium concentration is 4.952 mg/L, while the maximum adsorption rate is 0.2064 mg/L/min at 50 min. Based on the above assumptions, there is an equilibrium between inside and outside pores in the initial stage, and the arsenic concentrations in pores range from 0 to about 5 mg/L. The adsorption rate of arsenic is directly related to the change of arsenic concentrations in pores. That is,


    d C   d t   =  k 1   C t   



(3)




where Ct is arsenic concentration in pores at time t (t = t0 to tie, t = t0 while C0 = 0 mg/L; t = tie while Cie = 4.95 mg/L), and k1 is a rate constant in the initial stage. Integration of (3) gives,


  l n (  C  i e   /  C t  ) =  k 1     t  i e   − t    



(4)




where t0 is the initial time, C0 is the initial concentration in pores, tie is the initial equilibrium time and Cie is the initial equilibrium concentration. The value calculated for k1 is 0.0416 min−l (0.206 ÷ 4.95) for the concentration range used in this investigation.



Thus,


   C t  =  C  i e    e  0.0416   t −  t  i e        



(5)







In the final stage, the adsorption rate of arsenic is directly related to the change of arsenic concentrations in solution. That is,


  −   d C   d t   =  k 2     C t  −  C  f e      



(6)




where Ct is arsenic concentration in solutions at time t (t = tie to tfe, t = tie while Cie = 4.952 mg/L; t = tfe while Cfe = 0.036 mg/L), and k2 is a rate constant in the final stage. Integration of (6) gives,


  l n [    C t  −  C  f e     /    C  i e   −  C  f e     ] = −  k 2    t −  t  i e      



(7)







The value calculated for k2 (Table S1 in Supplementary Materials) is 0.011 min−l for the concentration range used in this investigation.



Thus,


   C t  =  C  f e   +    C  i e   −  C  f e      e  − 0.011   t −  t  i e        



(8)







The change of arsenic concentration is directly proportional to arsenic removal. Thus, after normalization (5),


   R t  =  R  i e    e  0.0416   t −  t  i e        



(9)




where R is percentage of arsenic removal at time t and Rie is percentage of arsenic removal at the initial equilibrium (t = t0 to tie, t = t0 while R0 = 0; t = tie while Rie = 74.85%). (8) gives,


   R t  =  R  f e   +    R  i e   −  R  f e      e  − 0.011   t −  t  i e        



(10)




where Rfe is percentage of arsenic removal at the final equilibrium. (t = tie to tfe, t = tie while Rie = 74.85%; t = tfe while Rfe = 99.64%).



Plotting ln(Rt) versus “t” provided the second-order adsorption rate constant (k1 or k2) and equilibrium values (Rie or Rfe) from slopes and intercepts (figure omitted for brevity). Their correlation coefficients for the linear plots are superior (>0.99). Clearly, theoretical and experimental values have an excellent agreement (Figure 6). Thus, arsenic concentration inside and outside the pore model can be considered, and the adsorption process is two first-order diffusions. The model assumes that the adsorption rate depends on the concentration of adsorbate in pores, whereas the surface of adsorbent is not considered. Thus, the model is obviously different from the traditional adsorption models. It makes a new attempt on the kinetic model of adsorption.



Kinetic investigations of As(III) uptake on Ca(OH)2–chars confirmed that adsorption is quite rapid. Typically, about 70% of the ultimate adsorption occurs within the first hour. This is followed by a very slow approach to equilibrium. Saturation is almost reached in 12 h (Figure 8).





4. Conclusions


Chitin-char was prepared as new arsenic (III) removal bio-material with the absorption capacity about 20 mg/g. The adsorption process can be divided into two stages, and it is controlled by diffusion of arsenic from solution into pore. The adsorption rate increases from zero to the highest level in the initial stages, by contrast, from the highest to zero in the second stage. The new kinetic equation was presented to describe the whole adsorption process by introducing the characteristic adsorption concentration Cie. The characteristic concentration should be closely related to the adsorption parameters (especially the temperature, the nature of adsorbate and adsorbent, etc.).
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Figure 1. BET surface area of chitin-char treated by HNO3 of different concentration. 
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Figure 2. Effect of loading Ca(OH)2 on arsenic(III) adsorption. Initial [As]: 10 mg/L; pH: 8.5; temperature: 25 °C; equilibration time: 12 h. 
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Figure 3. FT-IR spectra of chars. (A) chitin-char; (B) HNO3-treated char; (C) Ca(OH)2-char. 
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Scheme 1. Inferred mechanism of precipitation and ion-absorbing for Ca(OH)2 load on chars. 
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Figure 4. Effect of char dose on arsenic(III) adsorption. Initial [As]: 10 mg/L; pH: 8.5; temperature: 25 °C; equilibration time: 12 h. 
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Figure 5. Effect of pH on the adsorption of arsenic on char. Initial arsenic concentration: 10 mg/L; char: 0.4 g/L; temperature: 25 °C; equilibration time: 12 h. 
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Figure 6. Effect of coexisting ions on the adsorption of arsenic on char. Initial arsenic concentration: 10 mg/L; char: 0.2 g/L pH: 8.5; temperature: 25 °C; equilibration time: 12 h. 
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Scheme 2. Inferred mechanism of home position crystallization and ion exchange for arsenic adsorption onto Ca(OH)2-loaded chars. 
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Figure 7. Arsenic removal measured a as a function of time. 
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Figure 8. Comparison between experimental and theoretical kinetic curves. 
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Table 1. Analysis for FT-IR spectra of chars.






Table 1. Analysis for FT-IR spectra of chars.





	Number
	Wave (cm−1)
	Explanation of Band
	Sample





	1
	3692
	O-H
	A



	2
	3420
	Hydroxyl stretching
	A, B, C



	3
	3250
	N–H stretching in amine
	A, B, C



	4
	2920
	C–H stretching
	A, B, C



	5
	2850
	C–H stretching
	A, B, C



	6
	1716
	C=O stretching (carboxylic acid)
	B



	7
	1625
	N-H bending in amine
	A, B, C



	8
	1430
	C–N stretching and/or C–H deformationsand/or C=C stretching in aromatic rings
	A, C



	9
	1022
	C–O stretching
	A, C



	10
	870
	C-N bending
	A, C
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