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Abstract

The commercially available activated carbon (AC) was oxidized with different oxidizing agents such as HIXIR and Fe(NQ); and then
followed by heat treatment at different temperatures in order to introduce more surface oxygen complexes. The effects of the oxidizing ag
treatment on the surface chemical nature were characterized by ultimate Boehm titration and X-ray photoelectron spectrometer (XPS).
application of the chemically modified ACs in wastewater containing Cr (VI) was tested. Effects of surface oxygen groups of AC on Cr (VI
adsorption were investigated. The results showed that the adsorption of Cr (VI) ion was more effective for the chemically treated ACs. The ext
of adsorption and reduction of ACs to Cr (VI) depends on the adsorption time, the pH value and the quality of AC in the Cr (VI) solution.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Chromium compounds are widely used in industry such as
electroplating, metal finishing, leather tanning, pigments, etc.

Activated carbons (ACs) can be made from various raw mateHowever, the effluent of chromium is a big environmental prob-
rials that have a high carbonaceous content, including woodem, since chromium is recognized as being harmful to human
coal, petroleum coke, sawdust, and coconut giielB]. They  health[12,13] Adsorption is one of the effective techniques
can be activated by thermal decomposition in a high-temperaturfer chromium removal from wastewater. Many researchers have
oxidation or a lower temperature chemical dehydration reactiosuggested that activated carbons could be used for the removal of
process to come into being ACs. hexavalent chromium in the wastewater solufibf-18] They

ACs have been widely used in wastewater treatments thave certificated that the pH and chromium concentration of
remove organic or inorganic pollutants because of their huge spseolution affect the adsorption quality and remove rate of Cr (V).
cific surface area, high adsorption amount and rate, and special In this work, activated carbons were modified by chemical
surface chemical properti¢4,5]. These physical and chemical surface treatments with HNQH>O, and Fe(NQ)3 in orders
natures of AC depend on its pore distribution and surface oxyto obtain modified ACs including different surface properties.
gen groups. The former can be controlled during the activatiohe analyses were carried out by Boehm titration and X-ray
process such as activation time, activation agent and temperatysbotoelectron spectra (XPS). The objective of this work is to
and so on. However, the latter also can be made or changed layalyze the relationship between the chemical modification of
means of oxygen agent treatment, the chemical aqueous solutiastivated carbon with wet oxygen agents and the removal rate
and thermal treatment in order to adjust the quality of surfacef Cr (VI).
functional groups on carbons such as carboxyl, phenol and lac-
tone[6-9]. These groups can improve the adsorption capacit
and selectivity on a certain adsorbate in the gaseous or liqu
phasq10,11]

i%' Experimental
2.1. Sample preparation
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Table 1 2.2.2. XPS

Chemical surface treatment conditions X-ray photoelectron spectra was carried out using a Perkin-
Sample Concentration of oxygen agent Heat treatment condition EImer PHI1600 ESCA system. The spectrophotometer was
NACL 32 mol/L 300°C air ambience ASTM Ca_librated and qperated under vacuum (2<—f3 Pa).

NAC2 4.1 mol/L As the primary excitation source, non-monochromatic Mg K
NAC3 5.4mol/L (300 W) radiation was used at an analysis area 0.8 mmrthe

NAC4 8.4mol/L sample surface. Survey seams in the range of 1-1100eV were
NACS5 13.2mollL recorded at a pass energy of 185.85 eV with a step size of 0.8 eV.
HAC1 3% 500°C nitrogen ambience All binding energies (BE) were corrected for charging of the
HAC2 6% samples by calibration on the graphitic carbon C 1s peak at BE
:ﬁgi 122//2 284.50 eV. The spectra of C 1s and O 1s were analyzed by curve
HACS5 15% fitting into two and three peaks, respectively (in all cases Gauss-

Lorentz curves were used), in order to obtain a good fit of the

9 i i - .
Eﬁg; 1(5)0/2 800C nitrogen ambience spectra. The BEs resulting from these analyses were interpreted
FAC3 15% for establishing a set of fixed bindings energies connected to
FAC4 20% specific surface groups.

2.3. Adsorption of Cr (VI) experiment

about 1123 K using coal particles as raw material. The activated ) ) )
carbons were oxidized with different concentration solutions 1ne adsorption of Cr (V1) from the dilute aqueous solution
such as HN®, H,0, and Fe(NQ)s at 373K for 1h and then Was operated as follows: (1) take a series of 100 ml glass flasks,
were washed in the distilled water until the pH approached 7 angontaining from 0.025t0 0.15 g activated carbon and 25 ml solu-
dried at 393K for about 2 h. The oxidized ACs was obtained fions of sodium chromate (N&rOs-4H,0), respectively; (2) the
The samples oxidized by HNO H,0, and Fe(N@)s were initial pH value of the mixed solution was adjusted with 1 N HCI
indicated as NACn, HACn, and FACn, respectively. Here thel© about from 1to 9 wit_h the step 2; (3) the bottles were sealed
n represents the experimental list number. Then, the oxidize@"d t?en shaken on a time sequence (0.5, 1, 1.5, 2, 2.5, and 3_h)
samples were heat-treated in different temperatures and cofit 25°C at a frequency of 80 strokes/min using a shaking bath;
ditions in order to improve their ion exchange capacity. The(4) at the end of the reaction period, each reaction mixture was
heat-treated samples were indicated as NAGIACH, and  filtered to separate the solutions and ACs, the adsorbed amount
FACH. The specific treatment parameters were described iRf CT (V1) was tested using the pink color complex developed
Table 1 between diphenyl carbohydrize and chromium ions in an acidi-
fied solution with a spectrophotometer (722s, Shanghai, China)
at an absorbance of 540 nm.
2.2. Methods
3. Results and discussion
2.2.1. Boehm titration
The_surface functic_)nallgroups with oxygen were determined; ;. Surface properties
according to Boehm titratiof19,20] One gram of carbon sam-

ple was placed in S0ml of the following solution: sodium  The amount of the surface functional groups of the oxidized
hydroxide (0.1 mol/L), sodium carbonate (0.05mol/L), sodiumgamples and corresponding heat-treated samples were shown in
b|carbonate_ (0.1 moI/L)._The bottles were sealed and shaken fgi;pje 2 The results were calculated by dividing the number of
24h, the mixture was filtered subsequently. The excess bagfoups obtained from the titration experiments. It can be seen
was titrated with 0.1 mol/L HCI. The value of acidic sites was that the amount of carboxylic group of the oxidized samples with
determlned under the assumptions that NaOH neutralllzes CA4N O3 in high concentration of oxygen agent increases compar-
boxylic, lactonic and phenolic groups; that#G0Os neutralizes  jng with the untreated AC. But the other oxidized treatment
carboxylic an_d lactonic groups; and_ that NaHCReutralizes  methods, HO, and Fe(NQ@)z, made the amount of carboxylic
only carboxylic groups. Atthe same time, 0.1 mol/L NaOH solu-gp, the surface of oxidized samples decrease obviously. Tak-
tion was titrated with 0.1 mol/L HCI as the blank experiment.ing one with another, the oxidation process with botsO

The mass of surface acid functional groups (SAFG) was calCusng Fe(NQ)s results in the increase of the amount of lactone.

lated by following equation: The amount of the phenol of the samples oxidized with HNO
0.1 T — T) x 50/20 increased more than those of samples oxidized witlOH
Mass of SAFG= x fx( bw ) x50/ (mmol/g) whereas the reduction of the phenolic of the samples oxidized

with Fe(NGs)3 is noticed.

where T, (ml) is the titration mass of 0.1 mol/L HCI for the The results show that different oxidation methods have the
blank experimentT (ml) the mass of 0.1 mol/L HCI consumed different effects to the amount of the acidic sites on the activated
in different filtrated solutionw(g) the mass of activated carbon carbon surfaces. The most severe effect of oxidation is observed
that is equal to 1 g in this experiment, gfid the constant. on sample NAC2 obtaining the total number of acidic functional
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Table 2 Table 3
Results of Boehm titration (mmol/g) XPS analysis of functional groups
Sample Carboxylic Lactonic Phenolic Sample Disassembled peaksl 2 3 4
AC 2.125 0.0625 6.187 c-C C-OH GO COOH
NAC1 0.375 1.750 5.875 Raw material BE (eV) 284.56 286.59 288.69 290.69
NAC2 1.750 1.000 8.750 AC Relative content % 61.10  29.51 5.87 3.52
NAC3 2.625 0.063 5938  NAC? BE (eV) 284.60 286.61 288.48 290.64
NAC4 2.625 0.125 6.375 Relative content % 52.16 35.71 7.24 4.89
NAC5 2.375 0.000 6.500  HACYH BE (eV) 284.60 286.38 287.79 290.35
HAC1 0.500 1.375 5.625 Relative content % 46.39 36.87 10.97 5.77
HAG2 0125 5000 6g75  FACZ BE (eV) ) 284.64 286.16 288.56 290.89
HAC3 0.625 1.562 5.187 Relative content % 66.42 21.88 6.40 5.31
HAC4 0.625 1.437 6.437
HAC5 0.750 1.375 7.875
FAC1 1.250 0.937 6.062 32 XPS analysis
FAC2 0.125 1.937 5.312
FAC3 0.250 1.875 5.875 .
FACA 0375 1812 6.187 XPS has been shoyvn to be a useful tool for analyzmg the
surface groups of activated carbof2?]. It allows for semi-

NACY/ 0.240 —3.302 17.552 o \vsis of f ional b - h
NAG? 0.000 o780 17.000 quantitative analysis of functional groups by examining the
NAC3 0625 _1.875 14.875 shift in binding energies and thus the local chemical state.
NAC4 —0.500 3.375 11.625  The binding energy increases when more electron density is
NACY 0.000 2.437 6.562  withdrawn from the electron shell; thus not only the number
HACT' 0.625 1.825 6.937 of bonds to other atoms is essential but their electro negativ-
HAC2 0.125 2.312 9.812 ity. XPS can provide valuable information by examining the
HAC3 0.750 1.750 7.625  C 1s core region. However, there are substantial amounts of
HAC4 0.625 1.750 9.250 ; ; ;

rimar rbon presen he chemically shif rbon m
HAGE 1950 0.937 15197 Primary ca bon present so the chemically shifted carbon must

first be distinguished from the primary carbon and then asso-
FACY —1.125 3.437 6.187  ciated with specific surface groups. This technique also allows

FAC? —1.625 3.625 8.000 :
FAGT 2750 1812 - 813 for elemental analysis of carbon, oxygen and other elements
FAC4 2250 4.438 7563 [23].

From the previous techniques it was apparent that there is
the highest total number of the acidic sites in every treatment
groups of 8.75 mmol/g. As for HAC5, oxidation with 15% @ method. Therefore, XPS was chosen to test oxygen groups
introduces a large number of lactonic and phenolic groups. Then the surface. After the disassembled peaks treatment, we
number of the total acidic sites of the samples oxidized with 20%an obtain the representative XPS C 1s that are shown in
Fe(NGs)s is the highest in the samples with the same methodFig. 1 According to the area of each simulating curve, the per-
Compared with both b, and Fe(NQ)3 as the oxygen agent, centage of each functional group was calculated and listed in
the oxidation effect of HN@is stronger. Table 3

Many researchers verified that a little reduction of acidic The C 1s core level signals also showed different behav-

sites through heat treatment would improve the property of ioror in the chemical modified and heat-treated modified samples
exchange of activated carb§2l]. To some extent, the acidic (Fig. 1B). After fitting, the peaks could be attributed to C-C,
sites on the surface of the oxidized activated carbons changé&g-O, G=0, and O—CO bonds. From the datdlable 3 we can
greatly after heat treatment at different temperatures and othebserve that O—CO contribution of the heat-treated samples is
conditions. The amount of phenolic groups on the oxidized samhigher than that of the raw material. The presence of C-OH,
ples oxidized with HNQ@ has increased in a great deal exceptC=0, and O—CO bonds is especially remarkable for the sample
NACY'. Apart from NAC4 and NACS, the amount of carboxylic HACS5' heat-treatment at 50€ with N, ambience protection
and lactonic on the heat-treated sample surface significantlfFig. 1C). On the other hand, sample FA®@¢hich was oxidized
decreased. Whereas, the amount of all kinds of acidic groups omith Fe(NQ;)3 and heat-treated at 80C, does not promote the
the surface of HACtincreased obviously after heat-treatment. It production of C-OHFig. 1D). It indicates that the C—OH group
is evident that the amplitude of the amount of phenolic groups omay be separated at higher temperature.
HACH is not as more as those of NACithe amount of the Car- Compared to the former wet measure method—Boehm titra-
boxylic in samples FAChdecreased greatly, while the amount tion, the results of XPS are consistent. It indicates that Boehm
of lactone and phenol has been caused a great increase duditmation as a method for analyzing the functional groups is essen-
heat-treating at high temperature. Fradable 1 the amount of tially accurate and inexpensive. But the titration method cannot
lactonic sites increased with the higher temperature during heguantify the low content of O—CO group between groups and the
treatment. However, low heat treatment temperature might be ibasic solution. Whereas the dry method XPS can easily detect
advantage to increase the amount of phenol on the ACs surfadiie small amount of site.
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Fig. 1. C 1s peak patterns of ACs and modified ACs by curve fitting method. (A) Raw ACs; (B) NAOHACS'; (D) FACZ2.

3.3. Adsorption of Cr (VI) in aqueous

3.3.1. Effect of pH
The pH of the system determines the adsorption capacity du@/l) adsorption greatly. At pH 1.0, the chromium ions exist in

to its influence on the surface roperties of the ACs and differenthe form of H,CrOq4, while in the pH range of 1.0-5.0 different

ionic forms of the chromium solutions. Change of the adsorptiorform of chromium ions such as 97—, HCrOs~, Cr3010%,

capacity of Cr (VI) on FAC2ACs with pH is shown irFig. 2
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Fig. 2. Solution pH effect on the Cr (VI) adsorption.

It is noticed that the adsorbed amount keeps a high level when
the pH is less than 5, then it decreases distinctly in the range
of pH 5-9. This indicates that the solution pH affects the Cr

CryO132~ coexist of which HCrQ~ predominates. As pH
increases this form shifts to C§® and CpO;2~. Chromium
exists in different oxidation states and the stability of these forms
depends upon the pH of the syst¢pd,25] The equilibrium
that exists between different ionic species of chromium is as
follows:

HoCrOs <» HT +HCrO,~ (1)
HCrOs%~ < H* 4+ Cros2- (2)
2HCrOy~ <> Cr,07%~ 4+ H,0 (3)

From Fig. 2 it was observed that the maximum adsorption
occurred at pH 3.0. Maximum adsorption at acidic pH indicates
that the low pH leads to an increase ifiidns on the carbon sur-
face and it results in significantly strong electrostatic attraction
between positively charged ACs surface and chromate ions. In
the acidic range, where the Cr (VI) is predominately in the form
of HCrO4~ the removal was found to exponentially decrease
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Fig. 3. Time effect on the adsorption of Cr (VI).

3.3.4. Effect of oxygen groups on the adsorption of ACs

By means of the above optimum adsorption experiment
rametersi{=3 h, pH 3, dosage of AC is 6 g/L, concentration
Cr (VI)=100 mg/L), the adsorption of Cr (VI) on the modi-

with increase in the pH since HCEO ions has a greater affinity
towards the hydrogen ions present on the surface of the activaté

carbon. However, at pH less than 3.0 a decrease is observ . : .
due to the chromium being present predominantly a€re, ied activated carbons can be obtain. The results were shown in
. __Table 4

Adsorption of Cr (VI) on the activated carbon was not significant I
It can be seen that all samples after oxidation treatment and

:L?;Z?gfégiitgrotﬁ; g%g:z;%?gj ::; %c;]n;ﬁ:t;t:jorp aggb;t?h?ﬁeat treatment can improve the adsorption capacity .Of the acti-
adsorbent of which OH predominates. Maximum adsorption vated carbon. Sampl_e FACImas the maximum adsorption of Cr
(Syl) among the all oxidized and heat-treated samples. The most
important reason may relate to the oxygen groups on the surface
of AC. The contents of lactonic sites on all FAGamples are
evidently higher than that of samples modified with the other two
3.3.2. Effect of adsorption time _ ~methods, so that the adsorption property of Cr (VI) is improved
Fig. 3 shows the effect of the time on Cr (VI) adsorption gjstinctly. Meanwhile, the carboxylic sites were decomposed
(Sample FAC2 0.05g, 25ml Cr (VI) solution of initial con-  |5rgely that may result in increasing the basic sites on the sur-
centration 100mg/L, pH 3). It is clear that the time has anface of AC. Many researchers have received the similar results
evident effect on the adsorption during the first 3 h. However, thgpout the effect of basic sites on the adsorption property of ACs
increase in adsorption becomes slow beyond 3 h. The adsorptigpg 7]
_experiments in the following text were conducted for 3h, except  Another reason of improving adsorption capacity of ACs is
indicated. that the heat-treatment at high temperature probably expands the

further adsorption studies.

3.3.3. Effect of adsorbent dosage Table 4

The effect of the activated carbon dosage on Cr (VI) adsorp?he adsorption amount of Cr (VI) on oxidized ACs
tion (Sample FAC2 0.05-0.159g, 25ml Cr (VI) solution of sample Adsorption of Cr (VI) (mg/g)
initial concentration 100 mg/L, pH 3) shows Fig. 4. It is

apparent that the quantity of Cr (VI) adsorption decreases WitﬁC 10.90
activated carbon dose increasing. It is very clear that witfNACY 13.28
increase in adsorbent dose the actual number of active sit%ﬁg; ﬂgg
or adsorption sites per gram of adsorbent do not increase prepucy 1078
portionately and hence there is a regular decrease in adsayacs 12.43
bate uptake. That is because the total amount of activated,., 13.03
carbon increases although the specific surface area of AC jsacy 13.28
constant. HAC3 14.05

On the other hand, the removal rate of Cr (V1) increases witfHAC# 13.07
increasing the dosage of activated carbon. That results from tH&‘C% 14.47
increase of the total surface area, but the amount of Cr (VI) i§ACY 15.10
always constant in each adsorption experiment. Accordingly thEAC2 15.45
dosage of AC is 6 g/L is considered the optimum quality in thisiﬁgi ig;g

experiment.
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distances of the facets of graphite hence improving the propertys] S. Grzegorz Szymanski, Karpinski, Zbigniew, Biniak, Stanislaw,
of exchange. However, HN§bxidation agent is so strong that Swiatkowski, Andrzej, The effect of the gradual thermal decomposi-
it may destroy the micropore structure and forms macropores in fion of surface oxygen species on the chemical and catalytic properties

. . . . of oxidized activated carbon, Carbon 40 (2002) 2627-2639.
ACs. So the adsorption capacity of AC will decrease in Some[g] C.A. Toles, W.E. Marshall, M.M. Johns, Surface functional groups on

extent. acid-activated nutshell carbons, Carbon 37 (1999) 1207-1214.
[10] B.K. Pradhan, N.K. Sandle, Effect of different oxidizing agent treat-
4. Conclusions ments on the surface properties of activated carbons, Carbon 37 (1999)
1323-1332.

. . . . [11] G. Cimino, A. Passerini, G. Toscano, Removal of toxic cations and Cr
The results presented in this paper show that Boehmtltranoh (VI) from aqueous solution by hazelnut shell, Water Res. 34 (2000)

and XPS offer the valuable technique for studying the surface 2g955-2962.
chemical properties of activated carbons. By combining the tw@i2] A. Dissha, G. Meenakshi, R.C. Bansal, Adsorption of chromium by
methods, the functional group species introduced to the sur- activated carbon from aqueous solution, Carbon 37 (1999) 1989—_1997.
face as a result of chemical treatment and heat treatment &gl S-B- Lalvani, T. Wiltowski, A. Hubener, A. Weston, W. Mandich,

. o . Removal of hexavalent chromium and metal cations by a selective and
high temperature can be_ detected qu_antltatlvely. T_he activated novel carbon adsorbent, Carbon 36 (1998) 1219-1226.
carbon treated by oxidation has the higher adsorption propergys; zhonghua Hu, Lin Lei, Yijiu Li, Yaming Ni, Chromium adsorption on
of Cr (VI) than that of the raw activated carbon. The samples  high-performance activated carbons from aqueous solution, Sep. Purif.
treated by means of Fe(NJ3 solution with the concentration of Technol. 31 (2003) 13-18. .
10% as the oxygen agent subsequent to heat-treatment%ﬁ:800[15] S.J. Park, J.S. Klm, Anodic surfacg treatment_on activated carbons for
have the optimum adsorption property. The increasing trend removal of chromium (yl), J. Colloid Interf. Sci. 239 (“2001) 380-384.

. . . TR o 6] S. Tanada, N. Kawasaki, T. Nakamura, T. Ohue, Y. Torii, Ozone degrada-

the adsorption with different modification method indicates that  tjon by fluoride onto plasma-treated activated carbon in CF4, J. Colloid

the interaction between adsorbate ion and adsorbent surface is Interf. Sci. 190 (1997) 485-487.

chemical in nature. [17] A.R. Bowers, C.P. Huang, Activated carbon process for the treatment of
chromium (VI) containing wastewaters, Water Sci. Technol. 13 (1981)
629-650.

Acknowledgements [18] J.I. Kim, J. Zolteck, Chromium removal with activated carbon, Prog.

Water Technol. 9 (1977) 143-155.
The authors acknowledge the financial support by Tian{19] H.P. Boehm, Surface oxides on carbon and their analysis: a critical
jin Municipal Science and Technology Commission (project  assessment, Carbon 40 (2002) 145.
033103111) (China). [20] I.I. Salame, T.J. Bandosz, Study of water adsorption on activated carbons
with different degrees of surface oxidation, J. Colloid Interf. Sci. 210
(1999) 367-374.

References [21] V. GOmez-Serrano, M. Acedo-Ramos, A.J.ddez-Peinado, C.
Valenzuela-Calahorrro, Mass and surface changes of activated carbon
[1] S.E. Bailey, T.J. Olin, R.M. Bricka, D.D. Adrian, A review of potentially treated with nitric acid, Therochim. Acta 29 (1997) 109-115.
low-cost sorbents for heavy metals, Water Res. 33 (1999) 2469-2479[22] R.J.J. Jansen, H. van Bekkum, XPS of nitrogen-containing functional
[2] Laszb, Krisztina, Bbta, Attila, Nagy, Lajos G§rgy, Comparative adsorp- groups on activated carbon, Carbon 33 (1995) 1021-1127.
tion study on carbons from polymer precursors, Carbon 38 (2000)23] L. Christian, Mangun, R. Kelly, Benak, James Economy, L. Kenneth,
1965-1976. Foster, Surface chemistry, pore sizes and adsorption properties of acti-

[3] C.A. Toles, W.E. Marshall, M.M. Johns, Granular activated carbons from vated carbon fibers and precursors treated with ammonia, Carbon 39
nutshells for the uptake of metals and organic compounds, Carbon 35 (2001) 1809-1820.

(1997) 1407-1414. [24] D.C. Sharma, C.F. Forster, The treatment of chromium wastewaters using
[4] S.J. Park, K.D. Kim, Adsorption behaviors of G@nd NH; on chemi- the adsorptive potential of leaf mould, Bioresour. Technol. 49 (1994)

cally surface-treated activated carbons, J. Colloid Interf. Sci. 212 (1999)  31-40.

186-189. [25] N.K. Hamadi, X.D. Chen, M.M. Farid, M.G.Q. Lu, Adsorption kinetics

[5] S.J. Park, Y.S. Jang, Pore structure and surface properties of chemically for the removal of chromium (VI) from aqueous solution by adsorbents
modified activated carbons for adsorption mechanism and rate of Cr  derived from used tyres and sawdust, Chem. Eng. J. 84 (2001) 95-
(V1), J. Colloid Interf. Sci. 249 (2002) 458-463. 105.

[6] S.S. Barton, M.J.B. Evans, E. Halliop, J.A.F. MacDonald, Acidic [26] M.Z. Othman, F.A. Roddick, M.D. Hobday, Evaluation of Victorian low
and basic sites on the surface of porous carbon, Carbon 35 (1997) rank coal-based adsorbents for the removal of organic compounds from
1361-1366. aqueous systems, Water Res. 34 (2000) 4351-4358.

[7] L. Monser, M. Ben Amor, M. Ksibi, Purification of wet phosphoric [27] J.L. Figueiredo, M.F.R. Pereira, M.M.A. Freitas, J.J®rfao, Modifi-
acid using modified activated carbon, Chem. Eng. Process. 38 (1999) cation of the surface chemistry of activated carbons, Carbon 37 (1999)
267-271. 1379-1389.



	Surface properties of chemically modified activated carbons for adsorption rate of Cr (VI)
	Introduction
	Experimental
	Sample preparation
	Methods
	Boehm titration
	XPS

	Adsorption of Cr (VI) experiment

	Results and discussion
	Surface properties
	XPS analysis
	Adsorption of Cr (VI) in aqueous
	Effect of pH
	Effect of adsorption time
	Effect of adsorbent dosage
	Effect of oxygen groups on the adsorption of ACs


	Conclusions
	Acknowledgements
	References


