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Abstract Nitrogen-containing bamboo charcoals were

prepared using bamboo processing residues, and modified

by melamine or urea. The iodine value of the products we

obtained was analyzed, and two samples were chosen for

the Cr(VI) adsorption. The experimental results show that

under the KOH and carbon ratio of 3:1 (w1/w2), activation

temperature 800 °C and activation time 1 h, the activated

carbons modified by melamine boasted the iodine value of

1144 mg/g and the activated carbons modified by urea

boasted the iodine value of 1263 mg/g. In addition, the

equilibrium adsorption capacity is 95.3 mg/g for the

activated carbons modified by melamine with the adsor-

bent dosage of 1.0 g/L at an initial pH 2 in the presence of

100 mg/L K2Cr2O7 at 30 °C for 180 min and it is 94.2 mg/

g for the activated carbons modified by urea in the same

reaction condition. The pseudo-second-order kinetic

model can better reflect the two kinds of nitrogen-con-

taining activated carbons adsorption kinetic process of Cr

(VI). The adsorption process conforms to the Langmuir

model, indicating that the process is single molecular

layer adsorption.

Keywords Bamboo processing residues · Nitrogen-

containing activated carbon · Adsorption · Cr(VI)

Introduction

Bamboo grows quickly, and it will grow into useful timber

in a short time. So it becomes the most important resources

that get a wide range of applications in industry. A large

number of residues were produced in the process of bam-

boo timbers. According to the statistical analysis [1–6],

bamboo utilization rate usually \40 % in the process of

bamboo floor, bamboo plywood, bamboo mat and so on.

Therefore, more than 60 % of the bamboo in processing

becomes residues. However, only a subsection of the res-

idues are utilized, and the majority are burnt or discarded.

Apart from wasting resource, it seriously pollutes the

environment. Consequently, to make full use of resource, it

is necessary to find a new method that can utilize the

bamboo processing residues efficiently. Preparing activated

carbons from bamboo is a excellent way to utilize bamboo

timbers efficiently and a direction for the industrial appli-

cation of bamboo [7]. Also, the activated carbons were

provided with the better porosity structure and the higher

adsorption capacity for the toxic inorganic ion [8] from

water.

Chromium(Cr) compounds are widely used in industry

such as electroplating, metal finishing, leather tanning,

and pigments. The predominant use of chromium in

industry unfortunately introduces an environmental

concern. Cr exists almost exclusively in the Cr(III)

oxidation state or in the Cr(VI) oxidation state. In the

environment Cr(III) is typically not a problem, and its

relative toxicity is low. In contrast, Cr(VI) compounds

are toxic chemicals and genotoxic carcinogens [9]. Thus,

the presence of Cr(VI) ions in the environment is posing

serious problems and causing great public concern [10,

11]. Currently, the United States Environmental Protec-

tion Agency (USEPA) has set a maximum contaminant

level (MCL) for chromium at 0.1 parts per million (ppm)

in drinking water [12]. The increasing concern with Cr

(VI) pollution significantly motivates the investigation

and development of new and improved materials to
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address the problems. A wide range of technologies have

been investigated for the removal of Cr(VI) from water

[13–19]. Adsorption using activated carbons proved to

be the most efficient technique [15–19].

Chemical modifications could improve the adsorption

capacity of activated carbons. Also, the nature and

concentration of surface functional groups may be

modified by various post-activation treatment methods,

e.g., for incorporation of nitrogen into the carbon

structure, carbons are treated with ammonia, urea,

dicyanodiamine, N,N-dimethylformamide, melamine at

high temperatures. Oxidation pretreatment of the active

carbon using nitric acid enhanced the incorporation of

nitrogen into the carbon by ammonia treatment. Another

way to prepare nitrogen-containing carbons is carbon-

ization of a nitrogen-rich precursor and activation of

carbonized polymer by steam. These modified carbons

have well-developed micropore and mesopore. The

nitrogen chemical functions are transformed during heat

treatment. In the char and activated carbons, the nitrogen

is present in six-membered rings included in polyaro-

matic structures [20–27]. The presence of heterocyclic

nitrogen compounds incorporated in the carbon matrix

and having free pair of electrons increase the electron

donor capacity of solids. Therefore, nitrogen-containing

activated carbons are effective adsorbents of heavy metal

ions through the education of donor–acceptor complexes.

Lorenc-Grabowska et al. [28] studied the influence of an

enhanced amount of nitrogen functionalities in activated

carbon upon the adsorption of phenol from water. They

found that the affinity of phenol towards the surface of

the nitrogen-containing activated carbon was enhanced

with the increase in nitrogen content.

In this paper, two chemically activated carbons modified

by melamine and urea were prepared from bamboo pro-

cessing residues and utilized in Cr(VI) adsorption. The

effects of activation temperature and KOH/carbons on the

yield and iodine value were investigated. The influence of

several parameters, such as pH, temperature, initial con-

centration of Cr(VI), adsorbent dosage and contact time, on

the adsorption process was also investigated. Furthermore,

the characterization of Cr(VI) adsorption was described by

the kinetics models and adsorption isotherms.

Materials and methods

Materials

Bamboo processing residues were collected from bamboo

processing factory in Beijing Forestry University.

Other chemicals with analytical grade were purchased

from Beijing Lanyi Chemical reagent.

Adsorbent preparation

Carbonization process was carried out in nitrogen atmosphere

(50 mL/min) at the temperature increase rate of 10 °C/min to

the final temperature of 500 °C, separately,maintained for 1 h.

The carbonized samplewas thengroundand screenedoutwith

sieves. The fraction in the particle diameter ranged from 40

meshes to 60 meshes. The particle samples were dried in a

105 °C oven for 8 h; in activation step, 3 g of the oven-dried

samples was mixed with melamine and urea at the ratio of 2:3

(w1/w2), separately. The N-modified activated carbons with

melamine or urea were obtained, they were marked NAC.

Then the resulting mixture was soaked in a 50 % KOH solu-

tion for 16 h at the mass ratio impregnation 3:1 (w1/w2). The

samples were then activated at 800 °C for 60 min in nitrogen

atmosphere. The obtained activated carbons with melamine

and ureamodifiedweremarked asAC1 andAC2, respectively.

These activated carbons were boiled first with 1 M HCl

solution and then with distilled water until the pH of solution

reach to about 6–7. Finally, these activated carbonswere dried

at 105 °C in an oven for 8 h.

Cr(VI) adsorption experiments

The stock Cr(VI) solution with a Cr(VI) concentration of

1000mg/Lwas preparedusing the samemethoddescribed in a

previous work [29]. For the adsorption experiment, the con-

centration of Cr(VI) was determined using UV–visible

spectrophotometer at 540 nmwavelength, using 1,5-diphenyl

carbazide. The amount ofCr(VI) adsorbed by the adsorbent qe
(mg/g) was calculated according to the following equation:

qe ¼ ðc0 � c1Þ � V

1000m
ð1Þ

where c0 (mg/L) and c1 (mg/L) are the concentrations of Cr

(VI) before and after the adsorption, respectively; V (mL) is

the volume of the Cr(VI) solution and m (g) is the weight of

the adsorbent.

The adsorption percentage is calculated according to:

% ¼ c0 � c1
c0

� 100: ð2Þ

The kinetics study was performed in a 100 mL 100 mg/L

Cr(VI) solution at pH 2. The adsorbent feed was 1.0 g/L.

The effect of the adsorbent feed on the Cr(VI) uptake was

also studied in a 100 mL 100 mg/L Cr(VI) solution at pH 2,

with the adsorbent feed increasing from 0.1 to 2.0 g/L. To

study the effect of pH on the adsorption of Cr(VI), a series

of 100 mL Cr(VI) solution was adjusted with HCl or

NaOH. The adsorbent feed was 1.0 g/L. For the adsorption

isotherm study, 100 mL Cr(VI) solutions with the different

concentrations ranging from 50 to 280 mg/L was used. The

pH was kept at 2 while the adsorbent feed was 1.0 g/L.
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Adsorption model

Kinetic model

Pseudo-first-order [30], pseudo-second-order [31] and

intra-particle diffusion kinetic models [32] were used to fit

the adsorption kinetic data.

The pseudo-first-order kinetic equation is

dqt
dt

¼ k1ðqe � qtÞ: ð3Þ

which has a linear form of

lnðqe � qtÞ ¼ ln qe � k1t ð4Þ
where k1 (min−1) is the rate constant for the pseudo-first-

order kinetic equation and qe (mg/g) and qt (mg/g) are the

amounts of solute adsorbed per unit adsorbent at equilib-

rium and at time t (min), respectively.

The pseudo-second-order kinetic equation is

dqt
dt

¼ k2ðqe � qtÞ2 ð5Þ

which has a linear form of

t

qt
¼ 1

k2q2e
þ t

qe
ð6Þ

where k2 (g mg−1 min−1) is the rate constant for the pseudo-

second-order kinetic equation.

The intra-particle diffusion model is

qt ¼ kdif t
1=2 þ C ð7Þ

where kdif is the intra-particle diffusion rate constant, kdif
and C can be obtained from the slope and intercept of the

plot qt versus t
1/2.

Isotherm models

The adsorption equilibrium was evaluated by the models of

Langmuir [33] and Freundlich [34]. The parameters of each

model were calculated by non-linear fitting using Origin

7.5 software (OriginLab, USA).

The simplest model for adsorption events corresponds to

the Langmuir isotherm which is used to describe adsorp-

tion by homogenous surface is given by:

qe ¼ qmax
kLce

1þ kLce
ð8Þ

which has a linear form of

ce
qe

¼ 1

qmax
ce þ 1

kLqmax
ð9Þ

where qe is the amounts of solute adsorbed per unit

adsorbent at equilibrium (mg/g), qmax is the saturation

capacity (mg/g), ce (mg/L) is the equilibrium concentration

of the adsorbate and kL is the Langmuir constant (L/mg).

Another simple equation for representing adsorption by

heterogeneous surface:

qe ¼ kFc
1=n
e ð10Þ

which has a linear form of

log qe ¼ log kF þ 1

n
log ce ð11Þ

where kF is a constant indicative of the adsorption

capacity of the adsorbent and n is an empirical constant

called the Freundlich coefficient. Values of parameter n of

this model are close to 1 which resulting from linearity of

isotherms.

Results and discussion

Adsorbent characterization

Two batteries of NAC prepared from different activation

condition and modified with melamine and urea were

studied, respectively. The iodine adsorption capacity of

NAC was used as a parameter to choose the better activated

carbons. Besides, the elemental analysis of the better

activated carbons was carried out.

Effect of activation temperature

The effects of activation temperature were studied when

the resulting mixture was soaked in a 50 % KOH solution

for 16 h at the mass ratio impregnation 3:1 (w1/w2), and the

experimental results were shown in Fig. 1. The iodine
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Fig. 1 Influence of activation temperature on the iodine value of

NAC. KOH:carbon = 3:1 (w1:w2)
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value of AC1 and AC2 increased from 899 to 1144 mg/g

and 603 to 1263 mg/g with an increase on temperature

from 700 to 850 °C, respectively. Then, it decreased from

1144 to 934 mg/g and 1263 to 989 mg/g with an increase of

temperature from 850 to 900 °C, respectively. The

changing trend of iodine value reflects the changing trend

of external surface area of activated carbons. That is to say

the external surface area gets the highest value at 850 °C. It
was probably that when the activation temperature reached

a certain value, the pores would be widened and burnt off.

A similar conclusion has been observed by Wu et al. [35].

Based on comprehensive consideration, 850 °C was chosen

for optimum activation temperature.

Effect of KOH/carbons

The effects of KOH/carbons were studied when the

resulting mixture was soaked in a 50 % KOH solution for

16 h and the activation temperature was 850 °C. The

experimental results were shown in Fig. 2. As can be seen

from Fig. 2, for AC1, when the ratio increased from 1 to 3,

the iodine value increased from 726 mg/g to 1294 mg/g;

and then, with the increasing ratio, the iodine value

decreased. The trends of AC2 could be found as well. It

was shown that the external surface area gets the highest

value at the ratio of 3:1 (w1/w2). It was probably that when

the KOH/carbons ratio reached a certain value, the pores

would be widened and burnt off. A similar conclusion has

been observed by Wu et al. [35].

AC1 took the maximum iodine value at the ratio of 3 and

AC2 took the maximum iodine value at the ratio of 2.

However, the iodine value of AC2 at the ratio of 2 was

similar to the value at the ratio of 3. Taking all these factors

into consideration, two batteries of NAC activated with the

KOH/carbons ratio of 3 at 850 °C were chosen for Cr(VI)

adsorption and elemental analysis.

Elemental composition

The elemental analysis (contents in carbon, hydrogen and

nitrogen) of the activated carbons was carried out using

CHNS Analyzer (Thermofinnigan Flash, EA, 1112 series).

C, H, N contents of the activated carbons prepared from

bamboo processing residues are shown in Table 1. As can

be seen from Table 1, compared with the pristine activated

carbons, AC1 and AC2 had higher N content, which indi-

cated that modification of the activated carbons makes a

great contribution to the N content. Also, it is obviously

that N content of AC1 is higher than AC2, which indicated

that the N content in the activated carbons has the close

relationship with the N content in the modifier.

Adsorption behavior

Effect of contact time

The adsorption processes as a function of time to determine

the point of equilibrium were studied from adsorption
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Fig. 2 Influence of KOH/carbon ratio on the iodine value of NAC.

T = 850 °C

Table 1 Elemental analysis of activated carbons

Activated carbons Elemental analysis

C (wt, %) H (wt, %) N (wt, %)

Pristine activated carbons 81.77 0.528 1.461

AC1 82.03 1.063 6.237

AC2 82.61 0.802 4.815
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Fig. 3 Influence of contact time on Cr(VI) ion adsorption. Adsorbent

dosage = 1.0 g/L, volume of Cr(VI) solution = 100 mL, c0 = 100 mg/

L, T = 30 °C, pH 2
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experiments of Cr(VI) ion onto AC1 and AC2, respectively.

These experiments were carried out at an initial pH 2 in the

presence of 100 mg/L K2Cr2O7 at 30 °C. The results are

shown in Fig. 3, where it is clear that adsorption of Cr(VI) ion

increases sharply in 80 min and then levels off. The amount

of Cr(VI) ion removed reached a maximum after 180 min.

The percentage of adsorption of AC1 and AC2 is up to 95 %.

In the majority of the studies on kinetic process of metal

ion adsorption on various adsorbents, a distinct two-step

behavior was reported [36, 37]. Liu and Huang [36]

attributed the two-step adsorption characteristic to the

heterogeneity of the surface binding sites on sorbents,

explaining that different binding sites had different binding

affinities to metal ions and resulted in different binding

rates. However, Qin et al. [37] asserted that the fast initial

sorption owed to the fast transfer of metal ions to the

surface of sorbent particles, while the following slow

sorption was as a result of the slow diffusion of metal ions

into the intra-particle pores of sorbents.

To investigate the mechanism of Cr(VI) adsorption on the

two adsorbents and to examine the rate-controlling step of the

adsorption process, the pseudo-first-order, pseudo-second-

order and intra-particle diffusion kinetic models (see Fig. 4)

were tested to fit the kinetic sorption data. The kinetic

parameters acquired from fitting results are summarized in

Table 2. For the AC1, although the correlation coefficient (R
2)

of pseudo-first-order equation is nearly 0.95, the equilibrium

adsorption capacity, qe, derived from the equation is 64.9 mg/

g and much lower than the actual amount of equilibrium

adsorption (95.3mg/g).While the same result can be obtained

for theAC2. Therefore, the pseudo-first-order equation is not a

good fit for Cr(VI) adsorption on the two adsorbents. The

kinetic adsorption data were further fitted by the pseudo-

second-order kinetic model and a better fitting was obtained

with a higher correlation coefficient for the two adsorbents.

Furthermore, the calculated equilibrium adsorption capacity

qe of AC1 and AC2 is more similar to the actual amount of

adsorption equilibrium. The pseudo-second-order model is

based on the assumption that the rate-limiting step is a

chemical sorption involving balance force through sharing or

exchange of electrons between adsorbent and adsorbate [38,

39]. Successful fitting of this model suggests that chemi-

sorption is the rate-controlling step [31]. In addition, from the

intra-particle diffusion model, C value was calculated. The

deviation of C value from zero indicates that intra-particle

diffusion is not the sole rate-controlling step and boundary

layer diffusion controls the adsorption to some degree [40].

Effect of initial Cr(VI) concentration

Assessment of the effect of initial concentration on the

adsorption of Cr(VI) on two batteries ofNACwas carried out
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order (b) and intra-particle diffusion kinetic plot (c) for Cr(VI) ion
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by varying the adsorptive concentrations from 50 to 280 mg/

L at 30 °C for 180 min, and the results are shown in Fig. 5. It

was found that the adsorption of Cr(VI) was strongly

dependent on initial metal ion concentration. As shown in

Fig. 5, the equilibrium adsorption capacities increased when

initial concentration of Cr(VI) ions increased.

To describe the Cr(VI) adsorption behavior on two bat-

teries of NAC, isotherm data obtained were fitted to the

Langmuir and Freundlich adsorption model. A linear plot

was obtained when ce/qe was plotted against ce over the

entire concentration range evaluated; the straight line indi-

cates that the adsorption complies with the Langmuir model

as shown in Fig. 6 and Table 3. Cr(VI) saturation adsorption

capacity of AC1 and AC2 is 181.8 and 185.2 mg/g, respec-

tively. The equilibrium parameter has RL values between 0

and 1 for the two kinds of NAC, indicating favorable

adsorption. The Freundlich behavior was also tested in this

study. The values of 1/n and kF calculated from the intercept

and slope of the linear plot are shown in Fig. 6 and Table 3,

respectively. Mckay et al. [41] reported that an n value of

2–10 indicates favorable adsorption. The n values of 3.4 and

3.2 for Cr(VI) suggest that the AC1 and AC2 adsorbents are

effective for Cr(VI) adsorption.

Results described above show that both of the Langmuir

and Freundlich equations can describe the experimental

data fairly well. However, a comparison of the R2 values of

Table 2 Kinetics parameters for Cr(VI) adsorption onto AC1 and AC2

Adsorbent Pseudo-first-order kinetic models

ln (qe − qt) = ln qe − k1t
Pseudo-second-order kinetic models
1
dt
¼ 1

k2q2e
þ t

qe

Intra-particle diffusion kinetic models

qt ¼ kdif t1=2 þ C

qe(mg/g) k1 R2 qe(mg/g) k2 R2 C kdif R2

AC1 64.9 0.025 0.9299 104.2 6.32 9 10−4 0.9991 42.7 4.564 0.8929

AC2 72.2 0.028 0.9468 103.1 6.58 9 10−4 0.9988 45.3 4.195 0.9315

k1 the rate constant for the pseudo-first-order kinetic equation, k2 the rate constant for the pseudo-second-order kinetic equation, kdif the intra-

particle diffusion rate constant, qe the amounts of solute adsorbed per unit adsorbent at equilibrium, qt the amounts of solute adsorbed per unit

adsorbent at time t (min)
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Fig. 5 Influence of initial concentration on Cr(VI) ion adsorption.

Adsorbent dosage = 1.0 g/L, volume of Cr(VI) solution = 100 mL,

t = 180 min, T = 30 °C, pH 2

a

0.0

0.2

0.4

0.6

 AC
1

Y = 0.0422+0.0055X R2 = 0.9950 
 AC

2

Y = 0.0327+0.0054X R2 = 0.9987

c e/q
e

c
e
 (mg/L)

b

0 20 40 60 80 100 120

0 1 2 3 4 5
3.5

4.0

4.5

5.0

5.5
AC

1

 Y = 3.8531+0.2915X R2 = 0.9028
AC

2

 Y = 3.8622+0.3086X R2 = 0.9324

ln
(q

e)

ln(c
e
)

Fig. 6 Linearized Langmuir isotherm plots (a) and Freundlich

isotherm plots (b)

220 J Wood Sci (2014) 60:215–224

123



the linearized form of these equations indicates that the

Langmuir model yields a better fit than the Freundlich

model. Accordingly, the process of Cr(VI) adsorption is

single molecular layer adsorption.

Effect of temperature

The effect of temperature in the adsorption of Cr(VI) ion

on the adsorbents was also investigated. The temperature

was varied from 30 to 45 °C at pH of 2, contact time of

180 min and Cr(VI) ion concentration of 100 mg/L. It

was observed in Fig. 7 that the adsorption of Cr(VI) ion

at various temperature increases with the increase of

temperature. This fact indicates that there is a better

adsorption at higher temperature, which may be attrib-

uted to the formation of much well-structured adsorbed

Cr(VI) ions on the two kinds of NAC surface at higher

temperature. It is apparent that the adsorption of Cr(VI)

ion on AC1 and AC2 is an endothermal process. Mean-

while, temperature had little effect on the adsorption

capacity and low temperature was more energy efficient.

Taking all these factors into consideration, these experi-

ments were carried out at 30 °C.

Effect of pH

In adsorption processes, the adsorption of heavy metal ions

on carbon surfaces can be reduced or increased by the

initial pH values of the solutions. In this study, experiments

were carried out to examine the influence of initial pH on

the adsorption of Cr(VI) with 100 mg/L K2Cr2O7 solutions

at 30 °C. The adsorption trends of Cr(VI) on AC1 and AC2

under different initial pH are shown in Fig. 8. The higher

the proton concentration, the higher the efficiency of the Cr

(VI) removal. A similar trend has been observed for the

removal of Cr(VI) by activated carbon [42], leaf mould

[43] and fly ash [44]. It has been explained by a surface-

exchange reaction between chromate and hydroxyl ions,

which favors chromate adsorption in acidic media [45, 46].

Cr(VI) can exist in the aqueous solution in different ionic

forms (HCrO4
−, CrO4

2−, Cr2O7
2−), which depend on solu-

tion pH. The speciation of Cr(VI) influences its charge

properties and hence removal by adsorbent [47]. Overall,

the dominant form of Cr(VI) at pH 2 is the acid chromate

ion species (HCrO4
−) and increasing pH shifts the con-

centration of HCrO4
− to other forms (e.g., CrO4

2−) [48]. In

highly acidic media, the adsorbent surface might be highly

protonated and favor the uptake of Cr(VI) in the anionic

form, HCrO4
− [45]. With increase of pH, from 1 to 8, the

degree of protonation of the surface reduced gradually and

hence decreased adsorption was noticed. Therefore, the

optimum pH of the solution is 2 for Cr(VI) adsorption onto

AC1 and AC2.

Effect of adsorbent dosage

The percentage of Cr(VI) adsorption generally increased with

increasing adsorbent dosage up to a certain value and then

remained constant. In this study, experimentswere carried out

to examine the influence of adsorbent dosage on the adsorp-

tion of Cr(VI) at an initial pH 2 in the presence of 100 mg/L

K2Cr2O7 at 30 °Cfor 180min.The adsorption trendsofCr(VI)

on AC1 and AC2 under different adsorbent dosage are shown

in Fig. 9. The result is clear:with increasing adsorbent dosage,

more phase contact area, adsorption surface area and

adsorption sites were provided. As shown in Fig. 9, when the

Table 3 Langmuir and Freundlich isotherm parameters for Cr(VI) adsorption onto AC1 and AC2

Adsorbent Langmuir adsorption model Freundlich adsorption model

Regression equation kL qm RL Regression equation kF 1/n RF

AC1
ce
qe
¼ 0:0055ce þ 0:0422 0.13 181.8 0.9974 ln qe = 0.2915lnce þ 3.8531 47.1 3.4 0.9502

AC2
ce
qe
¼ 0:0054ce þ 0:0327 0.16 185.2 0.9993 ln qe = 0.3086lnce þ 3.8622 47.6 3.2 0.9656

qe the amounts of solute adsorbed per unit adsorbent at equilibrium, qm the saturation capacity, ce the equilibrium concentration of the adsorbate,

kL the Langmuir constant, kF a constant indicative of the adsorption capacity of the adsorbent, n an empirical constant called the Freundlich

coefficient
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Fig. 7 Influence of temperature on Cr(VI) ion adsorption. Adsorbent

dosage = 1.0 g/L, volume of Cr(VI) solution = 100 mL, c0 = 100 mg/

L, t = 180 min, pH 2
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adsorbent dosage was as high as 2.0 g/L, the removal ratio of

Cr(VI) was nearly 100 %. However, the efficiency did not

increase linearly with the increase in the adsorbent dosage.

When the adsorbent dosage is\1.0 g/L, adsorption rate rose

rapidly to 95 %, and the Cr(VI) removal ratio was almost no

longer increased at the dosage of 1.0–2.0 g/L. Figure 9 also

shows that the adsorption amount of Cr(VI) decreased with

increase of adsorbent dosage, which can be attributed to the

excessive adsorption sites of adsorbent dosage.

Conclusions

The work carried out confirmed that NAC can be used as an

effective adsorbent for the removal of Cr(VI) from aqueous

solutions. According to the experiment, the following

features of AC1 and AC2 are summarized as follows:

(1) AC1 and AC2 had good capacity of adsorption on Cr

(VI) from aqueous solution. It may be attributed to an

increase in the number of basic groups by the N-

modified. A similar conclusion has been observed by

Budaeva [49]. The amount of solute adsorbed per unit

adsorbent at equilibrium is 95.3 mg/g for AC1 with

the adsorbent dosage of 1.0 g/L at an initial pH 2 in

the presence of 100 mg/L K2Cr2O7 at 30 °C for

180 min. In the same reaction condition, the amount

of solute adsorbed per unit adsorbent at equilibrium is

94.2 mg/g for AC2. However, it was shown that the

maximum monolayer adsorption of Cr(VI) onto

unmodified activated carbon was 8.40 mg/g [50].

Accordingly, the adsorption capacity of nitrogen-

containing activated carbons is obviously improved.

(2) Adsorption of Cr(VI) was found to increase with

increase in contact time, Cr(VI) initial concentration

and adsorbent dosage. Acidic solution pH was proved

to be more favorable for the adsorption of Cr(VI) on

the AC1 and AC2.

(3) 3) The kinetics of the adsorption process was found to

follow the pseudo-second-order kinetic model. The

equilibrium adsorption capacity obtained from pseudo-

second-order kinetic model fitting result was 104.2 and

103.1 mg/g for AC1 and AC2, respectively. In addition,

theLangmuir isothermhad a betterfittingmodel than the

Freundlich isotherm according to the coefficient corre-

lation (R) obtained. The saturation adsorption capacity

obtained from Langmuir isotherm fitting result was

181.8 and 185.2 mg/g for AC1 and AC2, respectively.
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