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Abstract

AgNO:s- activated carbon composite based palm kernel shell was prepared by hydrothermal carbonization. The concentration of Ag-
NOs, activation temperature and impregnation time were investigated on five responses (iodine number, methylene blue number,
BET surface area, micropore volume and total pore volume). The most influential parameters of the preparation process were opti-
mized using the Doehlert optimal design. From the ANOVA, the following optimal conditions of preparation were retained: 0.068
mol/L, 210°C and 3.7 h for AgNOz concentration, activation temperature and impregnation time respectively. The activated carbon
(AC) and the composite (AC-AgNOs3) were characterized using Fourier Transform infrared spectroscopy, X-Ray diffraction, Scan-
ning Electron Microscopy coupled to Energy Dispersive X-ray spectroscopy and measurements of the surface area. The XRD pattern
and SEM-EDX clearly confirmed the presence of silver in the composite. The experimental parameters of AC- AgNOs composite
were as followed: 708.44 mg/g; 293.09 mg/g; 713.0 m?/g; 0.49 cm3/g and 0.76 cm/g, for iodine number, methylene blue number,
BET surface area, micropore volume and total pore volume of AC- AgNOs respectively. The antibacterial test carried on Escherichia
Coli showed that AC-AgNOs composite has a high-improved antibacterial property of 99.99% fixation with a dosage of 1500 ppm

for 5 hours of contact time.
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1. Introduction

Activated Carbon is a black solid substance usually prepared in
granular or powder forms [1]. Because of its well-developed po-
rous structures, large active surface area and good mechanical
properties, it is currently one of the most effective adsorbent [2].
Activated carbons have been used in industrial wastewater and gas
treatment [3], as catalyst support in the catalytic processes and as
electrode's materials in electrochemical devices and processes [4].
Significant research has been devoted to the production of activat-
ed carbons from lignocellulosic material's wastes [5]. This includ-
ing, argan shells [6], sugarcane bagasses [7], cherry stones [8],
olives wastes cakes [9], date palm tree fronds [10], wood [11],
bamboo [12] , palm kernels shell [13, 14], apple pulp [15]. In
Cameroun, large quantity of palm kernel shell is generated annual-
ly. To reduce these solid wastes and give them an added value, it
is better to transform them as activated carbon for the removal of
various pollutants. Even if, there are several of activated carbons,
the antibacterial activated carbon seems to be interesting in this
point of view. Therefore, many authors developed several methods
of impregnation of activated carbon by silver followed by a car-
bonization step at high temperature (up to 600°C). To avoid this
energy consumption, the present work proposed to carry out an
impregnation with silver on activated carbon at low temperature
using a Hydrothermal Carbonization (HTC) techniques. The

aforementioned technique is carried out at temperature between
180-300°C with the advantage of obtaining 100% of the impreg-
nated product. Thus, the main objective of this present work is to
evaluate the antibacterial properties of the composite activated
carbon on Escherichia coli, which is an indicator of fecal contami-
nation. For this purpose, the Doehlert optimal design was used to
optimize this process by determining the optimal conditions of
impregnation of AC using AgNOs by HTC technique.

2. Materials and methods

2.1. Raw material

The palm kernel shells were collected in the locality of Bafang in
the West region of Cameroon. They were washed intensively with
distilled water and sun dried for several days. After that, they were
then crushed and sieved to collect particles of sizes ranging be-
tween 2- 2.5 mm.

2.2. Activated carbon preparation
30.0 g of sieved palm kernel shell were placed in the furnace at the

heating rate of 10 °C/min, from the ambient temperature to 400°C,
under a flow of N2 gas and left for a 2 hours stay at this tempera-
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ture. After which the sample was further heated, under a flow of
water steam (0.1mL/min), from 400°C to 850°C and soaked at this
final temperature for 6 hours then cooling to room temperature.
The activated sample was washed in distilled water, dried, ground,
and sieved over a 50um mesh.

2.2.1. Acid treatment of activated carbon

The activated carbon was carboxylated using concentrated HNO3
[16]. An amount of 25.0 g of activated carbon was suspended in
500 mL concentrated HNOs (1moL/L). The mixture was stirred
vigorously for 12 hours at 110°C. The resulting activated carbon
was collected by filtration and washed with distilled water to a pH
of 7 and dried at 105°C in an oven for 24 hours.

2.2.2. Impregnation of activated carbon by hydrothermal car-
bonization

A given mass of the functionalized activated carbon was added to
an aqueous solution of AgNOs. The mixture was placed in a tubu-
lar furnace for Hydrothermal Carbonization, after 1.0 hour, the
temperature is set at the desired temperature (180 — 300°C) and
desired times (1 — 4 hours) as proposed by the experimental plan.
The different samples obtained were washed and dried at 105°C in
an oven for further tests.

2.3. Experimental design

Design of experiments consists of a set of mathematical and statis-
tical techniques that can be used to quantify the relationship be-
tween output variables (responses) and the input variables [17] in
other to determine the optimum operating variables. In this study,
the Doehlert experimental design was performed [6]. Three pa-
rameters were selected and coded as: X1 for AgNOs concentration
(0.05-0.1mol/L); X2 for the impregnation temperature (180-300°C)
and Xs for impregnation time (1-4hours). The performance of the
system was estimated by the analysis of five responses which are
iodine number (Y1); methylene blue adsorption (Y2), BET surface
area (Y3), micropore volume (Y4) and total pore volume (Ys). The
experimental design matrix of 17 experiments is given in Table 2
above. Each row represents an experimental run, and each column
represents the tested variables. The responses are assumed to be
affected by three variables and the experimental data were ana-
lyzed to fit the following second order polynomial equation:

Y = by + by Xy +byX; + b3X5 + by X;X; + by XX, +
b3X3X3 + b12X1X; + bi3X X3 + bysX X 1)

Where, Y is the predicted response, bo is the constant coefficient,
b1, b2; bs are the linear coefficients and bi1, b2z, bss the quadratic
coefficients of the X1, X2, and X3 factors respectively. b1z, bis, and
b2s, are the coefficients of the interaction terms X1Xz, X1X3 and
X2X3 respectively. The data from the Doehlert modeling were
treated with the NEMROD software for regression analysis, to fit
the equations developed and also to evaluate the statistical signifi-
cance of the equations obtained.

2.4. Adsorption tests

Two adsorbates were choosen (iodine and methylene blue) for the
adsorption tests. The iodine number is determined according to the
ASTM D4607-94 Method and was estimated by mixing the acti-
vated carbon with 0.02 N of iodine solution shaken for 4.0 hours
and then titrated with Na.S203 solution. For the methylene blue
adsorption, 10.0 mg of activated carbon was added to a conical
flask containing 100.0 mL of aqueous solution of methylene blue
prepared using distilled water in desired concentration. The mix-
ture was stirred for 4.0 hours. The suspension filtered and the
concentration of the supernatant determined using an UV-Visible
spectrophotometer at a wavelength of 660 nm for methylene blue.

The adsorption capacity was calculated using the following formu-
la:

Qags = (Co - Ce )V/m 2

Where, Qads (g/g) is the adsorbed amount, Co and Ce (mg/L) are
the initial and equilibrium concentrations of the iodine or meth-
ylene blue solutions respectively. V (L) is the volume of the solu-
tion, and m (g) is the mass of the adsorbent used.

2.5. Antibacterial activity

E. coli ATCC25922 was used to study the antibacterial properties
of activated carbon and AC-Ag using the plate counting method.
The activated carbon and AC- AgNOs were sterilized in an auto-
clave at 121°C for 15 min. The amount of materials was adjusted
to have concentration from 500 at 1500 ppm and sterilized in an
autoclave. A single colony of E. coli was selected and cultured
overnight to grow to a concentration of 10°CFU (Colony forming
units)/mL. The sample was placed in distilled water (20.0 mL)
containing about 10-5CFU/mL of E.Coli. The mixture was aerobi-
cally incubated at 37°C under agitation from 0 to 5.0 hours. At
given time period, 1.0 mL of the treated solution was removed and
diluted with 100.0 mL of distilled water (this is to adjust the bacte-
rial concentration of the solution to ensure that the bacterial colo-
nies can be easily and correctly counted). 1.0 mL of the dilute
solution was transferred onto an agar plate and incubated at 37°C
for 24 hours. The number of bacterial colonies on the plate was
then counted.

2.6. Characterization

Fourier Transform Infrared (FT-IR) analysis was used to identify
the various functional groups on the prepared ACs. Scanning Elec-
tron Microscopy (SEM) was used to characterize the surface mor-
phology and Energy Dispersive X-ray (EDX) to determine the
chemical composition. The specific surface area, pore volume,
total pore volume and pore size distribution of the activated car-
bon were determined from the Brunauer-Emmett Teller (BET) N2
adsorption isotherms. The crystalline structure of the materials
was examined by X-ray diffraction (XRD) using a copper K
radiation (A=1.5406). The content of surface oxygen functional
groups was determined by the Boehm method (Nowicky et al.
2015). The point of zero charge was evaluated by the method de-
scribes by Gonzalez-Navarro [18].

3. Results and discussion

3.1. Statistical model analysis

The factorials design, operating conditions and experimental re-
sponses are given in Table 1. The experiments at the center point
of the complete design matrix were used to determine the experi-
mental error and to verify the reproducibility of experimental re-
sults.

The examination of the results given in Table 1 showed that, the
quantity of iodine adsorbed (Y1) varies between 637.64 mg/g and
736.38mg/g. The adsorbed quantities of methylene blue (Y?2)
ranged from 175 mg/g to 295 mg/g. The highest quantity of iodine
adsorbed (736.38 mg/g) was obtained at [AgNQOz] = 0.075 M, at
275°C, and 1.3 hours and that of methylene blue at [AgNOQ3z] =
0,063M, at 257°C; and 3.7 hours. The lowest value was obtained
at [AgNO3z] = 0.063 M; at 223°C, and at 1.3 hour (experiment 8).
For the BET surface area, the highest surface area is obtained for
[AgNOs] = 0.075 M; at 205°C and 3.5 hours. Micropore volume
and total pore volume, with highest values are obtained for [Ag-
NOs] = 0.063 M; at 257°C, at 3.7 hours. The equations of the pol-
ynomial model, as a function of the coded factors, are given as:

Y; = 716.774 + 3.086X; + 10.688X, — 0.261X; — 10.994X?
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—23.792X% — 59.568X% — 7.5X; X, + 3.864X,X5 —
113.608X,X5 ©)

Y, = 247.084 — 0.724X, + 18.104X, + 50.512X; + 0.741X? —
43.792X3 + 2.184X2 + 3.297X,X, — 30.376X, X3 —
38.180X,X5 @)

Y; = 692.60 4+ 0.81X; + 17.65X, + 26.64X; — 8.60X% —
45.60X2 — 47.23X2 — 4.04X,X, — 19.70X,X; — 115.78X,X5 (5)

Y, = 0.378 — 0.003X; + 0.034X, + 0.115X; — 0.003X? —
0.103X2 + 0.006X% — 0.000X;X, — 0.064X; X5 — 0.101X,X; (6)

Ys = 0.674 — 0.003X; + 0.034X, + 0.091X; — 0.001X? —
0.089X2 + 0.008X2 — 0.006X;X, — 0.072X, X5 — 0.087X,X5 (7)

Table 1: Experimental Design Matrix and Operating Conditions
Design of experiments Operating conditions Experimental responses

exp X1 Xz X3 [V} Uz Us Y1 Y2 Ys Ya Ys
(moll)  (°C) (M) (mglg)  (mglg) (Mg

((cm*/g
)

(em°lg)

1 1.0000  0.0000  0.0000 0.100 240 25 709.80 24923  684.81 0.37 0.67
2 -1.0000 0.0000  0.0000 0.050 240 25 70176 24642  683.19 0.38 0.68
3 0.5000 0.8660  0.0000 0.087 292 25 70158 22600 670.19 0.33 0.64
4 -05000 -0.8660  0.0000 0.063 188 25 68429 20571 71150 0.27 058
5 0.5000 -0.8660  0.0000 0.087 188 25 696.87 196.00 71151 0.27 0.57
6 -0.5000 0.8660  0.0000 0.063 292 25 70199 230.00 672.88 0.33 0.64
7 0.5000 0.2887  0.8165 0.087 257 37 65168 27330 646.50 0.43 0.69
8 -0.5000 -0.2887 -0.8165 0.063 223 1.3 64041 175.00  592.03 0.22 0.53
9 05000 -0.2887 -0.8165  0.087 223 13 63764 200.00  610.08 0.27 0.58
10 0.0000 05774 -0.8165 0.075 275 13 73638 22536 688.79 0.32 0.62
11 -05000 0.2887  0.8165 0.063 257 37 65247 29600 662.94 0.48 0.755
12 0.0000 -0.5774  0.8165 0.075 205 3.7 709.00 27852  712.07 0.47 0.73
13 0.0000  0.0000  0.0000 0.075 240 25 71600 24815 69260 0.38 0.67
14 0.0000  0.0000  0.0000 0.075 240 25 72450 246.00 692.60 0.38 0.67
15 0.0000  0.0000  0.0000 0.075 240 25 72159 24000  693.00 0.38 0.66
16 0.0000 0.0000  0.0000 0.075 240 25 72016 24807  692.00 0.39 0.67
17 0.0000  0.0000  0.0000 0.075 240 25 70162 25320 692.6 0.38 0.67

X;: coded variable of concentration of AQNO;
X,: coded variable of impregnation Temperature
X3: coded variable of impregnation time

U;: natural variable of concentration of AgNO,
U,: natural variable of impregnation temperature
Us. natural variable of impregnation time

The positive terms of coefficients of coded values indicate syner-
gistic effects, whereas negative terms indicate antagonistic effect
[19]. The quality of the model was evaluated based on the correla-
tion coefficient, R? indicating that the variability in the response
could be explained by the mathematical model [2]. In this case,
the original R? and R? adjusted are respectively 0.961 and 0.913
for Y1, 0.986 and 0.969 for Y2; 0.981 and 0.953 for Y3, 0.985 and
0.964 for Y4; 0.987 and 0.968 for Ys. These RZvalues are relative-
ly high and the difference between the experimental and predicted
values is minimal indicating that there is a good agreement be-
tween the experimental and predicted responses from the model.

The statistical analysis was carried out using analysis of variance
(ANOVA) and Table 2 gives the results for the different responses.

Table 2: Estimated Values of Coefficients for All Response: Y1, Yz, Y,
Y4 and Y5

(Y1)
Name Coefficient F.Inflation Standard deviation t.exp Signif. %
bo 716.774 4.044 177.23 <0.01 ***
bl 3.086 1.00 4.522 0.68 52.2
b2 10.688 1.00 4522 2.36 4.88*
b3 -0.261 1.00 4.522 -0.06 95.4
b1l -10.994 1.09 7.566 -1.45 18.8
b22 -23.792 1.09 7.567 -3.14 1.61*
b33 -59.568 1.06 7.102 -8.39 0.0114 ***
b12 -7.500 111 10.443 -0.72 50.1
b13 3.864 111 11.675 0.33 747
b23 -113.608 111 11.674 -9.73 <0.01 ***

(Y2)

Name Coefficient F.Inflation Standard deviation t. exp Signif. %
bo 692.60 3.26 212.28 <001 ***
b1 0.81 117 4.08 0.20 84.2
b2 17.65 1.06 3.80 4.65 0.382 **
b3 26.64 137 471 5.66 0.157 **

b1l -8.60 1.09 6.10 141 207
b22 -45.60 107 6.10 747 0.0446 ***
b33 -47.22 132 6.79 -6.95 0.0615 ***
b12 -4.04 1.08 8.42 -0.48 65.1
b13 -19.70 155 12.98 -1.52 17.8
b23 -115.78 132 10.74 -10.78 <001 ***
(Y3)
Name Coefficient F.Inflation Standard texp Signif. %
deviation
b0 247.084 2.461 100.41 <001 ***
b1 0.724 1.00 2.751 0.26 795
b2 18.104 1.00 2751 6.58 0.0408 ***
b3 50.512 1.00 2.751 18.36 <0.01 ***
b11 0.741 1.09 4.604 0.16 87.1
b22 -43.792 1.09 4.604 -9.51 <0.01 ***
b33 2.184 1.06 4.321 0.51 63.2
b12 3.297 NN 6.354 0.52 62.4
b13 -30.376 111 7.104 -4.28 0.385 **
b23 -38.180 111 7.103 -5.38 0.119 **
(Y4)
Name Coefficient F.Inflation Standard deviation t.exp Signif. %
b0 0.378 0.006 62.46 <0.01 %
bl -0.003 117 0.008 041 69.4
b2 0.034 1.06 0.007 487 0.310 **
b3 0.115 137 0.009 1320 <0.01 %
b1l -0.003 1.09 0.011 -0.26 794
b22 -0.103 107 0.011 910 0.0190 ***
b33 0.006 132 0.013 0.46 66.5
b12 -0.000 1.08 0.016 -0.00 1000
b13 -0.064 1585 0.024 -2.67 364*
b23 -0.101 132 0.020 -5.06 0.261 **
(Y5)

Name Coefficient F.Inflation Standard deviation texp Signif. %
b0 0.674 0.005 140.67 <001 *+*
bl -0.003 117 0.006 -0.52 624
b2 0.034 1.06 0.006 6.15 0.107 **
b3 0.091 137 0.007 1313 <001 ***
b1l 0.001 1.09 0.009 0.11 911
b22 -0.089 1.07 0.009 993 0.0132 ***
b33 -0.008 132 0.010 0.78 471
b12 0.006 1.08 0.012 047 659
b13 -0.072 155 0.019 -3.80 0.919 **
b23 -0.087 132 0.016 549 0.179 **

*** Very Significant, ** Significant, * Not Significant.

From the ANOVA, the coefficients of impregnation temperature
(b2= 10.688) and the interaction bzs (-113. 608) were found to
have significant effects on the iodine number. For Y2 (Methylene
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blue), the coefficients of the impregnation temperature (b2=
18,104), impregnation time (bs=50,512), and of the interaction
term bi3 (-30.376) and bzs (-38.18) indicates that these factors have
a significant effect on the quantity of methylene blue adsorbed.
For Y3 (BET surface area), the coefficients bz (17.65), bs (26.64)
and bis (-19.70) have significant effect. For Y4 (micropore vol-
umes), the coefficients of the impregnation duration (b3=0.115),
temperature b2 (0.034) and the interactions b1z (-0.064) and b2z (-
0.101) have a significant effect. The coefficients of the impregna-
tion time (b3=0.091) have also a significant effect as well as the
interaction term of impregnation temperature and impregnation
time (b2s = -0.087) and impregnation time b1z (-0.072) for Ys (To-
tal pores volume).

From the ANOVA, the coefficients of impregnation temperature
(b2= 10.688) and the interaction b2s (-113. 608) were found to
have significant effects on the iodine number. For Y2 (Methylene
blue), the coefficients of the impregnation temperature (b2=
18,104), impregnation time (bs=50,512), and of the interaction
term b13 (-30.376) and b2s (-38.18) indicates that these factors have
a significant effect on the quantity of methylene blue adsorbed.
For Y3 (BET surface area), the coefficients b2 (17.65), bs (26.64)
and bis (-19.70) have significant effect. For Ya (micropore vol-
umes), the coefficients of the impregnation duration (bs=0.115),
temperature b2 (0.034) and the interactions bis (-0.064) and bz (-
0.101) have a significant effect. The coefficients of the impregna-
tion time (bs=0.091) have also a significant effect as well as the
interaction term of impregnation temperature and impregnation
time (b2 = -0.087) and impregnation time b1z (-0.072) for Ys (To-
tal pores volume).
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318

Temperature

Fig. 1: Variation of the lodine Adsorption Capacity, I,/ AC-AgNO; (Y1)
As a Function of Temperature and Impregnation Time.

3.1.1. Methylene blue (Y2)

The Fig.2 below shows the two and three-dimensional response
surface, which were constructed to represent the most important
factors on the MB/AC-AgNOs. When the impregnation time is
varied from 1.0 to 4.0 hours, the methylene blue adsorption in-
creases from 175 to 295 mg/g, but upon increase of the impregna-
tion temperature, the methylene blue adsorption decreases (Fig.
2a). An increase in impregnation temperature causes, the silver
particles to undergo crystallization and a part of the Ag* ions are
reduced to AgP [20]. As Ag particles are larger in size, they may
decrease the adsorption sites on the surfaces of activated carbon
[21]. The concentration of AgNOs therefore has a significant ef-
fect on the MB/AC -Ag according the ANOVA. From Fig.2b, the
methylene blue adsorption decreases on addition of [AgNOs] from
0.05 to 0.1 M, due to the electrostatic repulsion between Ag* and
methylene blue resulting in the decrease of available surface ex-
change sites [22].

Réponse

l 296

192

88
ame

[£gNO3]

Réponse

I 296

192

88

Temperature

Fig. 2: Variation of the Methylene Blue Adsorption Capacity BM/ AC-
AgNO; () as A function of temperature and Time (A) and As A Func-
tion of Impregnation Time and [AgNO;] (B).

3.1.2. BET surface area (Y3)

Fig. 3 depicts the variation of BET surface area in the plan tem-
perature — impregnation time, at fixed concentration of silver. An
increase in the impregnation duration led to an increase in the
BET surface area, due to the development of pores as the time is
increased. However, the BET surface area decreases significantly
with increase impregnation temperature. The crystallization of Ag
at high temperatures causes Ag particle to close the pores and
consequently decrease the surface area of activated carbon. As
proposed by Asma et al. 2015 this may be due to the destruction
of the AC-AgNOs structure under high heating temperature [23].

Réponse
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Fig. 3: Variation of the BET Surface Area (S-BET/ AC-AgNO;) As a
Function of Temperature and Impregnation Time.
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3.1.3. Micropore volume (Y4)

Fig.4 demonstrates that the micropore volume decreases with
impregnation concentration of metals. This result indicates that the
micropores of the activated carbon were filled or blocked by met-
als introduced during the process [24]. But this response increased
with impregnation time.

Réponse
' 0.43
y e o s
LT AL TSR T AT AT AR A2,
Lo b
T AR T I AR 2 A R r o e
o e
L AL =
X2 -
0.11

time:

[AgND3]

Fig. 4: Variation of the Micropore Volume / AC-AgNO; as a Function of
Temperature and Impregnation Time.

3.1.4. Total pore volume (Y5)

As shown is Fig. 5, the total pore volume increases with an in-
crease in impregnation duration; but decreases significantly with
increase in impregnation concentration of AgNOs and impregna-
tion temperature. The total pore volume (Vi) reduction is indica-
tive of a pore enclosure or structure collapse by further chemical
impregnation, thus resulting to a smaller internal volume [25].

Réponse
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Fig. 5: Variation of Total Pore Volume Vigae/ AC-AgNO; as A Function
Of Temperature and Time (A) and As A Function of [AgNO;] and Im-
pregnation Time (B).

3.2. Optimization

The impregnation of activated carbon with silver by hydrothermal
carbonization was optimized varying three factors: concentration
of AgNOs, impregnation temperature and impregnation duration.
The five responses: iodine number, methylene blue, BET surface
area, micropore volume and total pore volume were studied. From
the optimization studies, It was found that, the impregnation time
and temperature have a greater significant effect on all responses.
The optimal condition for the impregnation of activated carbon
with silver nitrate were obtained at impregnation concentration of
AgNOs, of 0.068 mol/L; impregnation temperature of 210°C and
impregnation time of 3.7 hours which leads to 12/AC-AgNOs of
708.44 mg/g, BM/AC-AgNOs of 293.09 mg/g, S-BET/AC-
AgNOs of 713.0 m?/g, Micropores volume/AC-AgNOs of 0.49
cm?/g and Viotae/ AC-AgNOs of 0.76 cmd/g.

3.3. Characterization of samples

FTIR spectra were used to identify the functional groups present
in AC, AC-HNOs and AC-AgNOs. For AC and AC-HNOs, the
intensity of the characteristic peak of 3408.6 cm™ enhanced after
oxidative modification which indicates the formation of large
number of hydroxyl or phenolic hydroxyl groups on the surface of
the oxidized AC [26]. The O-H stretching vibration (3408-3452
cm) and C-O stretching vibration (999-1027 c¢cm) were more
obvious and broader in all samples. The three peaks located at
about 1654.6, 1575 and 1562.79 cm could be assigned to C=0
vibration and an in-plane C=C stretching vibration of aromatic
ring, respectively for AC-AgNOs, AC and AC-AgNOs, which
support the concept of aromatization activated carbon.

The bands in the range 1000-1500 cm, which include the C-O
stretching and OH bending vibrations, imply the existence of large
numbers of residual hydroxyl groups (OH) and carboxylate groups
(COOH) [22]. Acidic and basic surface functionalities were de-
termined by Boehm titration [27]and summarized in Table 3. As it
is expected, the total amount of acidic surface groups increased
after modification with HNO3 and AgNOs respectively.

The XRD patterns for AC and silver modified AC are presented in
fig. 7. On both patterns, the broad humps pattern around 24.76°
and 44.8° is associated to the amorphous nature of the AC. On the
pattern of the modified sample, diffraction peaks at 38.03°, 44.21°
and 64.37° (20) are observed. Their respective d spacing value of
2.35 A, 2.04 A and 1.44 A, are associated to silver planes (111),
(200) and (220) and are evidences for the formation of the AC-Ag
composite.
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Fig. 6: Infrared Spectra of the Activated Carbon (AC); Nitric Acid Treated
AC (AC-HNO;) and the Silver Nitrate AC Composite (AC-AgNOs).
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Fig. 8: SEM-EDX of Raw Activated Carbon (A) and Silver Impregnated
Activated Carbon (AC-AgNQO;) (B).

On the Fig. 8, SEM images and EDX spectra of the raw AC (Fig.
8a) and Ag impregnated AC (Fig. 8b) are presented. The spectrum
of the elemental analysis of the colored zone in each image is
given (on the left) together with the magnification of the analyzed
zone on the right ending of each image. It could be observed on
figure 8a, that the AC carbon exhibits and homogenous surface
feature chemically characterized by solid carbon. The magnifica-
tion allowed the visualization of pores of nano size distributed
almost homogeneously on the entire surface. After impregnation
with silver (Fig. 8b), the elemental analysis indicates the presence
of Ag in the material that is in accordance with XRD analysis. The
magnification of the local observation shows that, although the
surface remained homogeneous, the porosity tends to be reduced,
probably due to the occupation of some pore by the Ag particles.

Table 4: Acidic and Basic Groups of the Samples

Samples  Carboxylics ~ Lactone  Phenolic ~ Total Acids ~ Total Basic ~ pHyw:
group (meg/g)  groups groups groups groups
(meglg)  (meage)  (meqyly)  (meagly)
PAC 05 0 025 075 1 19
ACHNO; 075 025 025 1% 05 11
ACAy 0% 025 05 15 025 69

3.4. Antibacterial activity

Antibacterial activities of AC-AgNOs composites against E.coli
were evaluated in comparison to that of AC, and the results are
shown on Figures 9. The AC-Ag composite shows a better bacte-
ricidal capacity (Fig. 9b), for all dosage, in comparison to the raw
AC (Fig. 9a). The anti-bacterial effect is increasing with the dos-
age and the time. For all dosage, the efficiency of the raw AC is
negligible in contrast to the AC-AgNOs anti-bacterial effect. At a
low dosage (500ppm), the AC-Ag composite show good efficien-
cy after 2 hours, after which a decrease effect, associated with the
release, by the adsorbent, of the inhibited bacteria that are proba-
bly adsorbed on the composite surface. From 1000 ppm, the anti-
bacterial effect is increasing up to 5 hours contact time. After 5-
hour contact, with a dosage of 1500 ppm, an elimination of ap-
proximately 3.4 units log of E. Coli, corresponding to 99.99%
reduction of E-coli counts, indicates that the AC-AgNOs compo-
site is an efficient antibacterial composite. For a contact time of 3
hours and a dosage of 1500 ppm, the raw AC, only induced a
23.68% reduction in E.Coli counts indicating a less efficiency of
the raw AC as a bactericide. In addition, when the contact increase
a reduction of this efficiency is observed. This reduction is proba-
bly due to a release of adsorbed bacteria from the AC surface.
These results indicate that the impregnation with silver is very
important to obtain a significant bactericidal activity. Hence, the
prepared AC-AgNOs composite is a potential material of interest
in water treatment (biological treatment particularly).

i (o ® o

0 02 I H ) l

i ""H“

1o gogusxmiy

oy U

areas
wnea;

3 silligm  wfllhpm 8t “Hlppm I00m A0

3

%

Fig. 9: Elimination of E. Colis by: AC-Agnos; (A) and AC (B).
4. Conclusion

Response Surface Methodology was used to optimize the prepara-
tion of AC-AgNOs by hydrothermal carbonization. A Doehlert
design was employed to study the effects of three variables: im-
pregnation concentration of AgNOs, impregnation temperature
and impregnation times. It was observed that, the impregnation
concentration of silver had a significant effect on the methylene
blue adsorption and total pore volume; but had no significant ef-
fect on the iodine number, BET surface area or micropore volume.
In contrast, the impregnation temperature and impregnation dura-
tion have a significant effect on the capacity of all responses. The
analyses of the AC-AgNOs prepared by hydrothermal carboniza-
tion using X-ray diffraction and SEM-EDS clearly showed that,
the composite material was obtained. Thus, hydrothermal carboni-
zation is a good method to impregnate metal on the surface of
activated carbon. The antibacterial test, carried out on the removal
of E. Coli in water, showed that the prepared material has a good
antibacterial activity. The bactericide effect of the synthesized
AC-AgNOs composite is expected to be of interest in the elimina-
tion of bacterial contamination from water and hence limiting the
occurrence of waterborne and foodborne diseases.
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