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Abstract. The activated carbon was prepared from sycamore bark by activation of zinc chloride. The absorbing effect
of activated carbon on Congo red wastewater is studied. The characteristics of sycamore bark activated carbon were
characterized by SEM and BET. The effects of adsorbent dosage, time, and shaking speed on the adsorption properties of
Congo red by sycamore bark activated carbon were studied. The isotherm, kinetics, and thermodynamics of adsorption
were explored. The results revealed that the activated carbon contain a large apparent mesopores. Adsorption efficiency
was increased with enhancing the adsorption dosage and time. The removal rate of Conge red reached to 98.2% under
room temperature with adsorbent dosage of 3.0 g/L, adsorption time of 120 min, shaking speed of 60r/min. The adsorption
of Congo red on sycamore bark activated carbon was followed Langmuir isotherm model and Lagergren pseudo-second
order kinetics model. The adsorption was spontaneous, endothermic, and the entropy was increasing in the adsorption
process.

Keywords: sycamore bark activated carbon, Congo red, adsorption kinetics, thermodynamics.

. INTRODUCTION cause a certain degree of atmospheric pollution. At

Dye wastewater mainly comes from the present, there are few reports on the preparation o
production of dyes and dye intermediates industsy, activated carbon adsorption materials from the
deep  color, complex  composition, poor sycamore bark. Sycamore bark raw materials are rich
biodegradability and difficult degradation[1,2]. &h in sources, renewable, inexpensive  and
actual use of the azo dye is the most common and thenvironmentally friendly, as a raw material for the
most frequently applied, approximately 50%. The preparation of activated carbon adsorbent for the
precursors and intermediates of azo dyes ardreatment of dye wastewater can reduce polluti@h an
carcinogenic, mutagenic and toxicity[3,4,5].Congo waste utilization, which provides a reference foe t
red is a typical benzidine azo dye in dyeing andtreatment of dye wastewater by other activatedararb
printing industry, mainly for cotton, viscose dygin adsorption. In this study, sycamore bark as raw
and paper industry production [2,3,4,5].Currently materials, sycamore bark activated carbon was
Congo red dye wastewater treatment methods arerepared with zinc chloride, adsorption of Congd re
commonly used in adsorption, membrane separationfrom wastewater, the adsorption properties and
chemical coagulation, oxidation, biological method mechanism of activated carbon from the
[6,7,8].Adsorption method is an effective means of sycamorebark to Congo red were studied by means of
dyeing wastewater treatment, because of itsstructural characterization, adsorption conditians
convenient operation, simple process, low cost andadsorption model.
good treatment effect have attracted much attention
[9,10,11,12]. II. EXPERIMENT

The preparation of new activated carbon  Materials and Reagents
adsorbent with biomass waste as raw material has Sycamore bark from the suburbs of Hefei City,
become a hotspot in recent years[13,14,15,16,17]wash drying, crushing and sieving standby. The
Sycamore tree is a common ornamental tree speciagagents used are ZnMlaOH, HCI and Congo red
and garden green road, each year a large number aihd soon. The reagents used in the experimentlare a
sycamore bark by the sanitation sector landfill oranalytically pure. Deionized water is used in the
burning treatment, caused by a huge waste ofxperiment.
resources, the combustion of harmful gases can also
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Experimental equipment and analytical Ill. RESULTSAND DISCUSSIONS
instruments The characterization of sycamore bark activated

FW100 universal grinder, OTF-1200X tube carbon
furnace, CP214 analytical balance, UV6000 The adsorption generally occurred in the surface
ultraviolet visible spectrophotometer, of adsorbent, the specific surface area and pore
DKZz-2thermostat, NAVO2200 nitrogen adsorption structure of adsorbent are one of the importartbfac
specific surface area determinator, SU8000 scanningffecting the adsorption performance [20].The pore
electron microscope. structure of activated carbon was characterized by

Experimental methods nitrogen adsorption, the nitrogen adsorption

Preparation of sycamore bark activated carbon  desorption isotherms under 77K are shown in Figure

Following the method employed in the literature 1(a).lt can be seen from the figure that the nérog
[18,19], take 25 g sycamore bark powder in beakeradsorption isotherms belong to the I type in thed@J
adding 50% ZnGl solution for 100 mL after mixing classification [19]. At the beginning of adsorption
evenly impregnated with 12 h, drying at°@0for 12 nitrogen adsorption reached 200 cm3/g, the results
h, stiring irregularly. After drying the sycamorark indicated that the activated carbon had a certaie p
and zinc chloride mixture in the quartz boat, theh  diameter less than 1 nm[21].In the relative pressur
in a tube furnace. Activation for 50 min under the near 0.1, adsorption isotherms rise rapidly, the
condition of heating rate of 10r/min, nitrogen relative pressure is greater than 0.3, the adsorpti
atmosphere and temperature of 800The sample to  isotherm increased slowly, showed that a large
be removed after cooling, successively washed withnumber of porous structure exist in activated carbo
3% hydrochloric acid, pure water, 0.5% of NaOH The adsorption desorption isotherms have fine
solution each for 30min. Waterwashing to neutral, desorption hysteresis loop, may be due to nitragen
then filtering and drying to obtain the sycamorekba the capillary condensation in the hole, the results
active carbon samples. showed that the activated carbon has a certain eumb

Adsorption experiment and shape of mesopores.

Take a certain amount of sycamore bark activated According to the BET formula, the total specific
carbon adsorbent in 250 mL Erlenmeyer flask, addingsurface area of sycamore bark activated carbon was
100 mL concentration of 100 mg/L Congo red 1393 m2/g. BJH method was used to calculate the
solution, packed in sealed bottles in the constanpore size distribution, the results are shown guFé
temperature bath, adsorption in a certain time andl(b). From the map it can be seen that the most hol
temperature, the filtered solution was measured bydiameter below 10 nm. The pore diameter of 2~5 nm
UV VIS spectrophotometer at 497 nm. The removalis the main hole. The pore volume is 0.623 m3/g by
rate of Et (%) and adsorption capacity Qt (mg/gjeve BJH method, among which the micropores are 7.2%

calculated. and the mesopores are 91.6%. It can be seen that th
E, =(C, -C,)/C,x100% 1) distribution of activated carbon pore diameter is
t o Tt/ concentrated in the mesopore.
Q = (Co -Ct)V/W @) The morphology and structure of activated carbon

In the formula, G is the initial concentration of Were studied by scanning electron microscofiéie
Congo red (mg/L),Cis the residual concentration of esults as shown in Figure 2.It can be seen that
Congo red adsorption (mg/L) after t time, W is the Sycamore bark activated carbon in various shapes an
quality of sycamore bark activated carbon (g),i€Q ~ SiZ€s, uneven surface, structure of fluffy, sparadi
the adsorption amount of t time (mg/g), V is the bumps, irregular porous structure faults.
solution volume (L).

Isothermal adsorption experiment

Preparation of different initial concentrations 500
(150~350 mg/L) of the Congo red solution of 100 mL, . )
adding 0.3 g of sycamore bark activated carbon, 400 - .../"’
oscillation adsorption for 4h respectively at 2983 I
and 313 K in constant temperature water bathyditte
the residual red Congo concentration was measured.

Kinetics of adsorption experiments

In a series of 250mL conical flask were added to a
concentration of 100 mg/L Congo red solution 100 L e
mL and 0.3 g of sycamore bark activated carbon, at 0.0 0.2 0.4 0.6 0.8 1.0
different temperatures (283, 293 and 303 K) in the Relative pressure (p/p,)
constant temperature water bath, with 60r/min
oscillating adsorption for a certain period of time @)
filtered, the residual red Congo concentration was
measured.

I (b) —
o2 pon-aees

w
o
o
T
]

N

o

o
T

Quantity adsorbed (cm®/g)

65



Environment. Technology. Resources, Rezekne, Latvia
Proceedings of the FMinternational Scientific and Practical Conferens&lume |, 64-69

Congo red was 49.5%, 85.1%, 94.1%respectively,

=05, @ the removal rate of sycamore barkactive carbon with
& 04 . dosage increasingThis may be due to the increase in
E o3l L the total amount of adsorbent, the adsorption ef th
o . | | . .

o . total surface area and functional groups increabed,

5 02p = removal rate of Congo red increased.

% 0.1} When the dosage was 3 g/L, the removal rate of
S oo L - Congo red was up to 98.6%, and the removal rate was

not increased. The results showed that the solation

L L L L L
0 10 20 30 40 50 60 70 80 90 Congo red was completely removed by adsorption.
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Fig.3. Effect of amount of adsorbent on removata@igo red

Effect of adsorption time on removal rate of
Congo red

Take 100 mg/L Congo red solution of 100 mL,
adding 3 g/L of sycamore bark activated carbon,
adsorption of certain time at room temperature &hd
r/min, the removal effect of Congo red is shown in
Figure 4.
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Fig.4. Effect of adsorption time on removal of Corrgd

It can be seen from the figure that the first 4@ mi
adsorption is very fast, belonging to the rapid
Fig.2. SEM images of sycamore bark activated carbon adsorption phase, may the sycamore bark activated

carbon adsorbent surface contains a large number of

Effect of dosage on the removal rgte of Congo red.gctive sites. It can quickly adsorb Congo red itera

Take 100 mg/L Congo red solution of 100 ML, ang the concentration of Congo red is higher at the

plus different dc_)ses of the sycamore bark activatedoeginning of adsorption, also increased the adorpt
carbon, Adsorption of 180 min at room temperature .1« transfer force Congo red removal rate

and 60 r/min, figure_3 is different dosage effekctie increasing rapidly. With the increase of adsorption
sycamore park activated carbon on the removal O{time, a large number of Congored was adsorbed on
Congo red in water. From the map it can be seen thay,g g rface ofadsorbent, active sites can be pedvid
the dosage of 1, 2, 2.5 g/LThe removal rate of gecrease gradually, at the same time, Congo red
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solution concentration decreased, the mass transfdfreundlich adsorption isotherm equation were fitted
driving force is reduced, the adsorption rate desed, to sycamore bark of activated carbon on Conge red
removal rate tends to be slow, enter the slowthe results are shown in Figure 6 and table 1.

adsorption stage. After 120 min of adsorption
adsorption gradually reached equilibrium, the
removal rate tended to be stable. The equilibrium
time of adsorption is 120 min.

Effect of oscillation intensity on removal rate of
Congo red

Take 100 mg/L Congo red solution of 100 mL,
adding 3 g/L of sycamore bark activated carbon,
adsorption of 60 and 120 min at room temperature
under different oscillation intensities. The effeadt
oscillation intensity on the removal rate of Congd
is shown in Figure 5. From the map it can be seen
that as the oscillation intensity increases, thmaoal
rate of Congo red rise. The adsorption time is 120
min, the oscillation intensity 60 r/min removal gat
reached 98.4%, continue to increase the intengity o
oscillation, the removal rate of Congo red remains
unchanged, at this time may have reached the
adsorption equilibrium. Under the same oscillation
intensity, the removal efficiency of Congo red at
adsorption of 60 min was significantly less thai® 12
min.
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Fig.6. Adsorption of Congo red with sycamore backivated by
Langmuir and Freundlich isotherm equation

—e— 120 As can be seen from Figure 6 and table 1, the
60; adsorption of Congo red by the sycamore
I barkactivated carbon at different temperaturesnis i
sl o+ accordance with the Langmuir equation. The
0 20 40 60 80 100 120 correlation coefficients R2were greater than 0.983,
Shaking speed (r/min) The linear fitting is better. When the temperature
rises from 293 K to 313 K, the maximum adsorption
Fig.5. Effect of shaking speed on the removal afi@ored capacity Qax of sycamore bark activated carbon of
Congo red rose from 34.30 mg/g to 56.43 mgthe
Analysis of isothermal adsorption model results showed that the increase of temperature was

The most commonly used two adsorption favorable to the adsorption of Congo red by the
isotherm models are Langmuir isotherm equation andsycamore barkactivated carbon. The adsorption is an
Freundlich isotherm adsorption equation [22,23]. endothermic process.

Langmuir Mode}
C:e/(?e: Ce/Qmax +1/QmaxK L (3)
Freundlich Model
INQ, =InC./n+InK; @)

In the formula, @ is the adsorption equilibrium
concentration (mg/L) of Congo red solutionyLis
the maximum adsorption capacity(mg/g)e ©@ the
equilibrium adsorption capacity(mg/g), LKis the
Langmuir equilibrium constantN is a dimensionless
factor related to adsorption strengths kK the
Freundlich adsorption equilibrium constant.

Langmuir adsorption isotherm equation and
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Table 1
Isotherm model parameters of Congo red adsorption o
sycamore bark activated carbon

Temper Langmuir equation Freundlich equation
P KU Qu{ RZ K(m nt R
ature(K

) mg)  mglg 9/9)

)
293 0986 3430 09 215 0.0 053
83 6 97
303 0.871 4044 09 232 0.11 054
90 1 6
313 0499 56.43 09 234 01 0.76
97 2 92
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The Freundlich model coefficientsn™ <0.5, [ASO,kJ/((moK)] [23]. The thermodynamic
showed that the adsorption ofsycamore barkactivategharameters of the adsorption of Congo red by the
carbon of Congo red is easy adsorption process[4]sycamore bark activated carbon can be calculated by
Sycamore barkactivated carbon has good adsorptiothe following equation [4,28]:

properties and can be used as adsorbents for rémova AG. = AH -TAAO @)
of Congo red. 0 0
Analysis of the adsorption kinetics model IN(Q./C,) = AS,/R-AH/RT (8)

The adsorption kinetics can be used to describe |n the formula, T is the temperature, R is the idea
the adsorption rate of solid adsorbentgvealing the  gas constant [8.314 J/(mi)].
adsorption mechanismthe relationship between the The adsorption data of Congo red by the
structure of the adsorbent and the adsorptiorsycamore barkactivated carbon were plotted with 293
performance can also be analyzed based on th803 and 313 Kby In (Qe/Ce) to obtaki®and AS,
kinetic model and the adsorption process [24,25,26] and the results are shown in Table 3. From thestabl

The adsorption kinetics process was simulated bywe can see that sycamore bark activated carbon
Lagergren pseudo first order kinetics model andadsorption enthalpy of adsorption of Congo red

pseudo two order kinetics model[27]. variable DeltaAH® is positive, indicated that the
Lagergren pseudo first order kinetic model: adsorption process is endothermic reaction,
In(Q, -Q,) =InQ, - K, (5) Increasing temperature is favorable to the

reaction[23]. The adsorption energy free energy
change AG® at different temperatures is negative,

t/Q, :1/(K2Qez)+t/Qe (6) indicating that the adsorption was a spontaneous
In the formula, K is the first order rate Process. The\S of adsorption process of sycamore
bark activated carbon on Congo red is greater €han
indicating that the adsorption is a entropy prouunct
process, the adsorption spontaneous is increasbd wi
temperature [28].

Quasi two level kinetic model of Lagergren:

constant(mirt) , K, is a quasi two order rate
constant[g/(mgnin)].

As can be seen from table 2, the equilibrium
adsorption capacity Qca calculated by the pseudo

first order kinetic model is different from the Table 3

measured adsorption capacity & The quasi two Thermodynamic parameters for congo red adsorptitn w
level dynamic model of £0.987, The calculated sycamore bark activated carbon

value of eqwhbnum adsorpt!on & is close to the Temperal AGYKY  AFKIT ASTON ~
measur_ed adsorp_t|0n capgcny,@,showed that the ure(K) mol) mol) molK)]
adsorption data fit well with the pseudo two order 293 -6.40

kinetics model, the relevance of better.K2 incrdase 303 ~7.75 33.16 0.135 0.998

with the increasing of temperature, showed that the 313 —9.10

increase of temperature was beneficial to the
adsorption of Congo red by thesycamore bark

IV. CONCLUSION

activated carbon The activated carbon from the sycamore bark was
Table 2 prepared by the activation of zinc chloride, the
Kinetics modeling parameters of Congo red adsanpiiith adsorption of Congo red was studied, the concligsion
sycamore bark activated carbon as following:
Secdo oo Pesudosecordorder _ (1_) the content of sycamore bark_ activated carbon
Temper Qe kinetic model kinetic model is high, the shape of the pore is various, thecgira
ature(k  (mg/  Ky( Qal R Ky Qeul Ro of the void is developed, and the specific surfaea
) s S [ e is up to 1393 #g.
D) min)] .
5 5 (2) Increasing the amount of adsorbent can
283 21.77 o.é)o 2432 94 0079 2251 98 enhance the adsorption of Congo red. The adsorption
61 g reached equilibrium within 120 min. The removal
. . 0,
293 329 002 4o oi 0095 2097 98 rate .c_)f Congo red was up to 98.2% under the
4 7 8 condition of room temperature, dosage of 3 g/L,
001 0. 0. adsorption time of 120 min and oscillation inteysit
303 331 . 4044 94 0113 3513 99 of 60 r/min
6 8 '

(3) The adsorption of Congo red on sycamore bark
activated carbon was followed Langmuir isotherm
Analysis of adsorption thermodynamics model model and Lagergren pseudo-second order kinetics
The thermodynamic properties of the adsorptionmodel. The adsorption was spontaneous, endothermic,
process can be characterized by thermodynami@nd the entropy were increasing in the adsorption
parameters, standard Gibbs free energy chawGé,(  process.
kJ/mol), standard reaction enthalpy changeH(,
kJ/mol) and standard reaction entropy
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