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a b s t r a c t
The seaweed, kelp was used as a precursor for the preparation of activated carbon by phosphoric 
acid activation. The effect of heat treatment on the porous and adsorption properties of the prepared 
activated carbon was investigated by N2 adsorption–desorption isotherms. Additionally, the 
coadsorption of antibiotic amoxicillin and chromium from saline water onto the activated carbon from 
the seaweed was evaluated. The Freundlich isotherms for the adsorption of amoxicillin indicated that 
the adsorption capacities of the prepared activated carbon from seawater were significantly higher 
when heat treated at 400°C and 500°C than 200°C and 300°C. On the other hand, for the adsorption of 
hexavalent chromium, findings were the direct opposite. The adsorption processes of amoxicillin and 
hexavalent chromium were well described by the pseudo-second-order kinetic model. The optimum 
pH was around 6.3 for the adsorption of hexavalent chromium in the mixed system containing 
amoxicillin and hexavalent chromium onto AC400.
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1. Introduction

Pollution of coastal waters by heavy metal ions has become 
an important issue across the world [1–3]. This is because low 
concentrations of heavy metals in water can cause instability, 
disorder and harm to living organisms. Among the various 
heavy metals, hexavalent chromium Cr(VI) is highly toxic to 
living organisms because of its mutagenic and carcinogenic 
properties. Antibiotics emerged in aquatic environment are 
regarded as a serious ecological issue. Many antibiotics are 
hardly removed even by a sewage treatment that would 
introduce to the seawater in coastal area [4]. Amoxicillin is 
a broad-spectrum antibiotic and commonly used due to its 
high bacterial resistance and large spectrum against bacteria. 
Additionally, amoxicillin have been reported to be hardly 
degraded, and its toxic effects can do harm to organisms 
[5,6]. Heavy metal ions and organic pollutants often coexist 
in aquatic environments in low concentrations, which 

aggravate the risk of water quality. Therefore, practical and 
effective methods are needed to eliminate these complex 
pollutants [7,8]. 

Adsorption is an excellent method for the removal 
of toxic metals and organic pollutants from wastewater, 
which is known for its flexibility, simple operation, and 
potential for regeneration and reuse [9]. Activated carbon 
is an effective and widely used adsorbent, but it remains 
an expensive material due to the high initial and system 
regeneration costs [10]. In recent years, increased attention 
has been focused on the development of adsorbents based 
on low-cost biomaterials and industrial by-products [11–15]. 
Many agricultural materials are used as raw materials for the 
production of activated carbon, including corn hull, rice straw, 
coconut shell, fruit stones, nutshell and other carbonaceous 
wastes [16–18]. The diversity of the structure and elemental 
content of biomass possible leads to the formation of 
activated carbon with different porous structures [19]. 
Seaweeds with high carbon content are renewable biomass. 
The proliferation of the seaweed biomass is ubiquitous and 
abundant in worldwide littoral zones. Several attempts have 
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been made to use seaweed as a bioadsorbent [20–22] or the 
raw material for the development of activated carbon. Green 
alga Ulva lactuca and its activated carbon were reported for the 
removal of chromium from wastewater [23]. Aravindhan et al. 
[24] prepared activated carbon from two macroalgal biomass 
by zinc chloride activation and examined for the removal of 
phenol from aqueous solution [24] The findings were reported 
to be promising. It is interesting to note that few studies have 
investigated the simultaneous removal metals and organic 
contaminants using activated carbon from seaweeds.

Besides, the types of raw materials, and the surface and 
porous properties of the activated carbon greatly influence 
the preparation method and conditions. In general, there are 
two kinds of processes for the preparation of activated carbon, 
namely physical and chemical activation [25]. For physical 
activation, the carbonization initially occurs in an inert 
atmosphere, and activation of the resulting char follows at 
high temperatures (800°C–1,100°C) with activating agents. On 
the other hand, the chemical activation is performed at lower 
temperatures (400°C–800°C), whereby the carbonization and 
activation processes proceed at the same time in the presence 
of chemical agents such as phosphoric acid and zinc chloride. 
Chemical activation is also better for the development of a 
porous structure [26,27].

In this work, the kelp, large seaweeds, are used as 
a precursor for the preparation of activated carbon by 
phosphoric acid activation. The prepared activated carbon was 
evaluated in terms of the following: (i) coadsorption properties 
of antibiotic amoxicillin and hexavalent chromium from saline 
water; (ii) effects of activation temperature on the porosity 
and adsorption properties of the prepared activated carbon; 
(iii) influence of pH on the coadsorption of amoxicillin and 
hexavalent chromium onto the prepared activated carbon and 
(iv) adsorption kinetics and isotherm mechanisms.

2. Experimental setup

2.1. Preparation of adsorbent and adsorbate

The seaweed, kelp obtained from the Zhejiang province 
in China was washed with distilled water to eliminate dust 
and water soluble impurities. They were then oven-dried 
at 100°C for 48 h and sieved to obtain particle sizes of less 
than 0.15 mm (100 mesh) diameter. The kelp particles were 
activated by phosphoric acid activation [28,29]. The kelp 
particles were impregnated with H3PO4 aqueous solution 
(20%) for 2 h. Then, the impregnated particles were heat 
treated in an N2 atmosphere at 200°C, 300°C, 400°C and 
500°C for 3 h, respectively. The heat treated samples were 
washed with boiled hydrochloric acid solution (0.1 M) for 
several times and subsequently with distilled water until no 
phosphate ions were detected in the water and a pH close to 
that of distilled water was reached. The obtained wet cakes 
were dried at 100°C for 12 h and ground, which were labeled 
as samples AC200, AC300, AC400 and AC500 for the different 
heat treatment temperatures, respectively. 

2.2. Characterization of activated carbons

The C, H and N contents (mass%) of the activated carbons 
were measured by elemental analysis (Flash EA 1112, Thermo 

Finnigan, America). The N2 adsorption–desorption isotherms 
of the activated carbons were measured using an automatic 
adsorption instrument (ASAP 2020M, Micromeritics, 
America). The Barrett–Joyner–Halenda method was used to 
calculate the pore distribution [30]. The micropore volume 
was calculated with the t-plot method [31]. The mesopore 
volume was calculated as the difference between the 
micropore volume and the total pore volume. 

2.3. Adsorption experiments

The adsorption characteristics of the prepared activated 
carbons were studied using a mixed system of artificial seawater 
containing amoxicillin and chromium. The artificial seawater 
was prepared by adding 35 g of sea salts per liter (Instant 
Ocean® Sea Salt). The mixed system solution was prepared 
by dissolving a certain amount of amoxicillin and potassium 
dichromate (K2Cr2O7) in the prepared artificial seawater. All 
adsorption experiments were carried out on a thermostated 
shaker (KYC-1102C, China) operated at 170 rpm. Adsorption 
studies were carried out with 300 mg of activated carbon 
samples introduced into 100 mL of the mixed solutions of 
amoxicillin and chromium. The effect of pH on the adsorption 
of the mixed amoxicillin (200 mg/L) and chromium (2.5 mg/L) 
onto the AC400 was studied over the pH range of 4.0–7.9. The 
point of zero charge (pHpzc) analysis was performed by adding 
50 mg of the AC400 into 50 mL of 0.01 mol/L KNO3 solution 
with initial pH (pHinitial) values of 2.0–10.0. After in contact 
at 170 rpm for 48 h, the finial pH (pHfinal) of the system was 
measured. The pHpzc was determined from the plot of ΔpH 
[pHinitial – pHfinal] vs. pHinitial. Solution pH was adjusted with 
HNO3 and NaOH solutions (1.0 mol/L). 

The adsorption isotherms of amoxicillin and 
chromium in the mixed system onto the samples heat 
treated at different temperatures were investigated. The 
adsorption equilibrium of amoxicillin and chromium on 
the prepared activated carbons was reached after 180 min 
at 25°C. The initial concentration of amoxicillin and 
chromium were in the range of 40–300 and 0.5–3.75 mg/L, 
respectively.

The amount of amoxicillin or chromium adsorbed onto 
the prepared activated carbons at equilibrium (qe in mg/g) 
was calculated as follows: 

q
C C V
me

e=
( )−0  (1)

where C0 and Ce are the initial dye concentration (mg/L) and 
the equilibrium dye concentration (mg/L), respectively; V 
is the volume of the solution (L) and m is the mass of the 
adsorbent (g).

The kinetics of amoxicillin and chromium adsorption in 
the mixed system onto the sample AC400 were investigated 
by varying the concentrations of the mixed amoxicillin 
and chromium at 50 and 0.625 mg/L; 100 and 1.25 mg/L; 
and 200 and 2.5 mg/L, respectively. The concentration of 
amoxicillin in aqueous solution was analyzed using a UV–
Vis spectrophotometer (UV2800, China) at its maximum 
absorption wavelength of 272 nm. The amount of total 
chromium in aqueous solution was analyzed by an atomic 
absorption spectrometry (PEAA800, America).
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3. Results and discussion

3.1. Characterization of the adsorbent

Table 1 shows the amounts of nitrogen, carbon and 
hydrogen contained in the activated carbon samples 
heat treated at the different temperatures. The findings 
demonstrate that the carbon contents increased from 63.00% 
to 74.69% with the increase of the heat treatment temperature. 
Furthermore, as the heat treatment temperature increased 
from 200°C to 400°C, the H/C was found to be decreased from 
0.068 to 0.042, which indicates the enhanced carbonization 
and aromaticity [32]. The results, moreover, show that the 
elemental composition of the samples changed rapidly as 
the heating temperature reached 400°C. The sample AC400 
contained the lowest amount of nitrogen (1.96%) and 
hydrogen (2.95%).

Fig. 1 shows the N2 adsorption–desorption isotherms and 
pore size distribution curves of the samples at the various 
heat treatment temperatures. The isotherms of the sample 
AC200 are of type II in the IUPAC classification, which arises 
from nonporous or macroporous adsorbents. The isotherms 
of the sample AC300 have a hysteresis loop, indicating the 
development of mesoporosity (2–50 nm). The isotherms of 
the sample AC400 are of type IV with a hysteresis loop, which 
is characteristic of mesopores and slit-shaped pores. It can be 
seen from Fig. 1(b), the corresponding pore size distribution 
curves of the sample AC400 is around 10–30 nm. The 
isotherms of AC500 exhibit a type I with somewhat type IV 
character nitrogen isotherm, which have a rise at low relative 
pressure, indicating possibly the development of micropore 
volume because the sharp rise lied in the micropore filling, 
and a hysteresis loop indicated the mesopore [33]. From 
Fig. 1(b), the corresponding pore size distribution curves of 
AC500 are around 3–10 nm.

The BET surface area, total pore volume and external 
surface area of the samples heat treated at different 
temperatures are listed in Table 2. The BET surface area of the 
sample AC500 (514.57 m2/g) is considerably larger than that 
of the sample AC200 (17.68 m2/g) and AC300 (161.05 m2/g). 
The BET surface area and micropore area increase greatly 
with the increasing activation temperature from 200°C to 
500°C. The mesopore starts to develop at the temperature of 
300°C. The sample AC400 with the activation temperature of 
400°C has the largest mesopore volume as well as total pore 
volume. High mesopore development could be induced by 
phosphoric acid, which has been reported in other studies 
[34–36]. The mixture of pore sizes in the sample AC400 could 
be mainly produced by the activation of crystalline cellulose in 
the sample rather than amorphous polymers, which produces 

mostly micropores [37]. The results show that the surface 
area and porous structure are greatly influenced by the heat-
treatment temperature for the prepared activated carbon.

Fig. 2 showed the surface and morphological 
characteristic of the seaweed before heat treated (a) and 
the sample AC400 (b). It can be seen in Fig. 2, the seaweed 
before heat treated has a typical fibrous morphology, and 
the morphology of sample AC400 is rigid and dense. The 
results indicated the surface of the seaweed was obviously 
changed after activation process.

Table 1 
Elemental composition of the samples with different heat 
 treatment temperature

Sample N% C% H% H/C

AC200 2.66 63.00 4.05 0.064
AC300 2.94 63.31 4.32 0.068

AC400 1.96 70.51 2.95 0.042

AC500 2.65 74.69 3.17 0.042

Table 2 
BET surface area, total pore volume and external surface area of 
the samples

Samples BET  
surface 
area, SBET 

(m2/g)

Micropore 
area  
(m2/g)

Total 
pore 
volume 
(cm3/g)

External 
surface 
area 
(m2/g)

Mesopore 
volume 
(cm3/g)

AC200 17.68 – 0.0210 29.45 –
AC300 161.05 49.66 0.1135 111.39 0.0917

AC400 500.18 166.81 0.5502 333.36 0.4759

AC500 514.57 231.95 0.3730 282.62 0.2678
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Fig. 1. N2 adsorption–desorption isotherms (a) and pore size 
 distribution curves of the samples (b) with different heat treat-
ment temperature: AC200, AC300, AC400 and AC500.
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3.2. Adsorption isotherms

Adsorption isotherms are commonly used to evaluate 
the performance of adsorbents in the adsorption process. 
They describe the interaction between adsorbates and 
adsorbents and also represent the surface properties of the 
adsorbent. The Freundlich adsorption model is used to fit 
the experimental data. The Freundlich model typical for 
heterogeneous surfaces is described as follows [38]:

q Ke F
n= ·Ce
1

 (2)

where KF [(mg/g)(L/mg)1/n] is the fitting affinity coefficient, 
and n is the Freundlich exponent related to adsorption 
intensity. 

The isotherm parameters for the adsorption of 
amoxicillin and hexavalent chromium onto the samples 
are presented in Table 3. The Freundlich isotherms for the 
adsorption of amoxicillin (a) and hexavalent chromium (b) 
onto the samples of activated carbon produced at different 
heat treatment temperatures are shown in Fig. 3. For the 
adsorption of amoxicillin, the KF of AC400 and AC500 
determined as 6.6864 and 3.2191 (mg/g)(L/mg)1/n are 
considerably higher than that of AC200 and AC300, which 
were determined as 0.1831 and 0.1574. The adsorption 
capacities of AC400 and AC500 increased significantly in 
comparison with those of AC200 and AC300. The above 
results demonstrate that the AC400 and AC500 have 
significantly greater BET surface area and total pore volumes 
than the AC200 and AC300. In addition, the sample AC400, 
composed mainly of mesopore, has the largest total pore 
volume as well as adsorption capacity among all the samples. 
It is reported that the adsorption property of adsorbents is 
affected by the porous structure; the mesoporous structure 
could lead to less sterical hindrance and, thus, allow the 
easy diffusing of the substrate and molecules [39,40]. It 
can be concluded that the adsorption of amoxicillin onto 
the activated carbon in a binary solution with hexavalent 
chromium is highly dependent on the surface area and 
porous structure of the adsorbent. On the other hand, for 
the adsorption of hexavalent chromium, the KF of AC200 
and AC300 are significantly higher than that of the AC400 
and AC500. The result showed that surface area and porous 
structure of the activated carbons have very limited effects 
on the adsorption of hexavalent chromium in binary 
solutions with amoxicillin.

3.3. Adsorption kinetics

The pseudo-first-order and pseudo-second-order kinetic 
models were used to analyze the kinetics of amoxicillin and 
chromium adsorption onto the AC400. The pseudo-first-order 
model is described as follows [41]:

ln( ) ln eq q q k tte − = − 1
 (3)

 

Fig. 2. The SEM images of seaweed before heat treated (a) and 
the sample AC400 (b).

Table 3 
Adsorption isotherm parameters for the adsorption of amoxi-
cillin and chromium onto the AC with different heat treatment 
temperature

Adsorbates Adsorbents Freundlich
KF, (mg/g)
(L/mg)1/n

1/n R2

Amoxicillin AC200 0.1831 0.9648 0.9971
AC300 0.1574 0.9699 0.9978
AC400 6.6864 0.3747 0.9611
AC500 3.2191 0.4804 0.9805

Chromium AC200 66.5658 1.6821 0.9166
AC300 8.1630 1.2662 0.9874
AC400 0.5754 2.9636 0.9271
AC500 0.7287 1.8328 0.9315
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Fig. 3. Freundlich plot for adsorption of amoxicillin (a) and 
hexavalent chromium (b) onto the AC with different heat 
 treatment temperature.
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where qe and qt are adsorbate uptakes at equilibrium and 
time t (min), respectively, and k1 is the pseudo-first-order rate 
constant (min–1). 

The pseudo-second-order model, based on the 
assumption of chemisorption, depicts the adsorption process 
properly [42]:

t
q k q

t
qe et

= +
1

2
2

 (4)

where k2 is the pseudo-second-order rate constant 
[g(mg min)–1]. 

Fig. 4 shows the pseudo-second-order kinetic curves for 
the adsorption of amoxicillin and chromium onto the AC400, 
respectively. The calculated kinetic rate constants, and 
experimental qe values for the adsorption of amoxicillin and 
chromium at different initial concentrations onto the AC400 
are presented in Table 4. Besides the correlation coefficients 
(R2), the normalized standard deviation, Δq (%), was also 
calculated to quantitatively compare the applicability of each 
kinetic models.

∆q
q q q

n
t t t%

[ / ], , ,( ) = ×
−( )
−( )

∑
100

1
exp cal exp

2

 (5)

The adsorption of amoxicillin fitted well to both the 
pseudo-first-order and pseudo-second-order kinetic models 
(R2 > 0.9). According to the Table 4, the qe calculated from 
this model is closer to the experimental qe. And the Δq values 
from the pseudo-second-order model were found to be 
much lower than the pseudo-first-order kinetic model for 
the amoxicillin adsorption process. Therefore, the pseudo-
second-order kinetic model could be more applicable to the 
amoxicillin adsorption process.

As shown in Table 4, the chromium experimental data 
exhibit much better fit to the pseudo-second-order kinetic 
model (R2 > 0.99), which indicated that the process of chromium 
adsorption onto the AC400 could be chemisorption. The k2 
values for the adsorption of both amoxicillin and chromium 
onto the AC400 decreased with the increase of the initial 
concentrations. The increase in the initial amoxicillin and 
chromium concentrations could lead to the increasing of the 
driving force due to the improving of mass transfer rate [43].

3.4. The effect of pH

The pHpzc is defined as the pH value at which the adsorbent 
surface acquires a neutral charge. It is an important factor 
for the adsorption process [44]. The pHpzc was determined 
from the plot of ΔpH [pHinitial – pHfinal] vs. pHinitial (Fig. 5). The 
observed pHpzc for the AC400 sample was 4.05, implying that 
the solid surface is positively charged at the solution pH < 
4.05, negatively charged when the solution pH > 4.05, and 
neutral charged at the solution pH of 4.05.

The solution pH of amoxicillin and hexavalent chromium 
after adding the AC400 all showed a decrease compared 
with the original pH (in Fig. 6), which could be attributed 
to the effect of strongly acidic groups on the surface of 
AC400 [45]. The result indicated that the adsorbent caused 
a significant increase in the acidity of the mixed amoxicillin 
and hexavalent solutions.

The effects of the initial solution pH on the adsorption of 
amoxicillin and hexavalent chromium in the mixed system 
onto the AC400 are shown in Figs. 7(a) and (b), respectively. 
Fig. 7(a) demonstrated that the adsorption of amoxicillin 
onto the AC400 was rapid at the initial stage, which 
increased with the increase in solution pH from 4.0 to 7.9. The 
amoxicillin can exist in different forms in aqueous solution 
due to the ionization of its three functional groups, which 
can be identified as carboxyl (pKa1: 2.68), amine (pKa2: 7.49) 
and phenolic hydroxyl (pKa3: 9.63) [46]. When the solution 
pH is lower than the pKa1, the functional groups will be 
protonated as –COOH/–NH3

+/–OH (amoxicillin+); when the 
solution pH is between pKa1 and pKa2, the carboxylic group 
will be deprotonated –COO–/–NH3

+/–OH (amoxicillin±); at 
solution pH between pKa2 and pKa3, both of the carboxylic 
and amine groups can be deprotonated –COO–/–NH2/–OH 
(amoxicillin–) [43,47]. Therefore, the predominant amoxicillin 
species in the amoxicillin and hexavalent chromium mixed 
solution at pH range from 4.0 to 7.9 could be amoxicillin+ and 
amoxicillin± species. From Fig. 6, after adding AC400 sample, 
the initial pH range from 4.0 to 5.0 of the mixed solution 
all decreased to around 3.0, in which the AC400 sample 
(pHpzc = 4.05) was positive charged and both amoxicillin+ 
and amoxicillin± species existed. Hence, the adsorption of 
amoxicillin onto AC400 sample was inhibited to a certain 
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extent at the initial solution pH range from 4.0 to 5.0 due 
to the electrostatic repulsion. While at the initial solution 
pH range from 5.0 to 7.9, the AC400 surface was negative 
charged, and the main amoxicillin group was amoxicillin±, 
and the effect of electrostatic repulsion diminished. There are 
many mechanisms that could be involved in the adsorption 
of amoxicillin on the surface of AC400 sample, including 
electrostatic interaction, hydrogen bonding formation, 
electron donor–acceptor and π–π dispersion [48]. 

Fig. 7(b) shows the effect of the initial solution pH on 
the adsorption of hexavalent chromium in the mixed system 
onto the AC400. Hexavalent chromium species could exist in 
various forms in solution at different pH, such as H2CrO4, 
HCrO4

–, Cr2O4
2– and Cr2O7

2–. The equilibrium reactions 
involving these species are given in Eq. (6)–(8) [49,50]:

H CrO H + HCrO2 4
+

4

−  (6)

HCrO H + CrO4
+

4
2− −

  (7)

2HCrO Cr O + H O4 2 7
2

2
− −� ⇀�↽ ��  (8)

Based on thermodynamic database listed in Butler [49] 
and Stumm and Morgan [50], the distribution diagram of 
Cr(VI) species in water under different pH and total Cr(VI) 
concentration is shown in Fig. 8. As seen from Fig. 8, HCrO4

− 
and CrO4

2− are the two major species in the solution at the 
experimental total Cr(VI) concentration. For pH lower than 
6.3, HCrO4

− is the dominant species of Cr(VI), and above pH 
7.3, only CrO4

2− is stable. For hexavalent chromium (Fig. 7(b)), 
at the initial adsorption stage (within 10 min) the amount 
adsorbed onto the AC400 increased from 0.85 to 1.18 mg/g 
when the solution pH decreased from 7.9 to 4.0. At lower 
solution pH, the degree of protonation of the adsorbent surface 
is enhanced, which favors the adsorption of anionic form 
chromium, such as HCrO4

− and CrO4
2−, onto the surface of the 

adsorbent [51]. While then at the gradual adsorption stage, 
the adsorption of hexavalent chromium onto the AC400 was 
obviously suppressed and showed somewhat decrease within 
pH 4.0–5.1. This result could be attributed to the carboxylate 
(–COO–) that is dissociated from the amoxicillin molecule 
in solution to compete with the HCrO4

– for adsorption sites 
on the surface of the adsorbent and, thus, cause an obvious 
suppression for the adsorption of hexavalent chromium 
onto the AC400 [43]. Furthermore, the amoxicillin molecule 
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Fig. 5. Curve of the point zero charge (pHpzc) of the AC400.

Table 4 
Pseudo-first-order and pseudo-second-order kinetic parameters for the adsorption of amoxicillin and chromium onto the AC400

Mixed contaminants 
concentration (mg/L)

qe (mg/g) Pseudo-first-order Pseudo-second-order
k1 (min–1) qe (cal) 

(mg/g)
R2 Δq (%) k2 (g/mg 

min)
qe (cal) 
(mg/g)

R2 Δq (%)
Amoxicillin Chromium

Kinetics for amoxicillin
50 0.625 9.29 0.0235 11.25 0.862 78.5 0.00683 14.60 0.813 22.6
100 1.25 19.50 0.0198 19.25 0.935 17.7 0.00196 19.44 0.964 9.5
200 2.50 33.72 0.0278 31.70 0.987 13.5 0.00170 32.95 0.982 11.2

Kinetics for chromium

50 0.625 0.0718 0.0242 0.0346 0.459 73.4 1.6344 0.0755 0.996 15.3
100 1.25 0.1255 0.0424 0.0881 0.938 49.2 1.0758 0.1343 0.995 9.2
200 2.50 0.2597 0.0329 0.1500 0.743 62.1 0.6769 0.2615 0.999 4.8
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Fig. 6. The pH change of the solutions after adding the AC400 
and adsorption for amoxicillin and hexavalent chromium onto 
the AC400 for 180 min.
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would be dissociated to amine and H+ at pH around 6–8, 
which could favor the adsorption of hexavalent chromium 
onto the adsorbent [52]. As shown in Fig. 7(b), there is no 
decreasing trend for the adsorption of hexavalent chromium 
at the gradual adsorption stage at the pH range of 6.3–7.9. The 
optimum pH could be 6.3 for the adsorption of hexavalent 
chromium in the mixed system containing amoxicillin and 
hexavalent chromium onto the AC400.

4. Conclusions

Activated carbon from the seaweed kelp was synthesized 
by phosphoric acid activation and used as an adsorbent for 
the coadsorption of antibiotic amoxicillin and hexavalent 
chromium from saline water. The analysis of the elemental 
composition of the samples, which were heat treated at 
different temperatures, indicated that the carbonization and 
aromaticity increased rapidly with increasing temperature 
from 200°C to 400°C. N2 adsorption–desorption isotherms 
indicated that the surface area and porous structure of 
the prepared activated carbons are greatly influenced by 
the heat-treatment temperature. The sample AC400 with the 
activation temperature of 400°C has the largest mesopore 
volume as well as total pore volume. The Freundlich 
isotherms for the adsorption of amoxicillin and chromium 
onto the prepared activated carbon from seawater were 
analyzed. For amoxicillin, the adsorption capacities of the 
samples AC400 and AC500 were significantly higher than 
that of AC200 and AC300; for hexavalent chromium, it is the 
opposite. The adsorption of amoxicillin fitted well to both the 
pseudo-first-order and pseudo-second-order kinetic models 
(R2 > 0.9). The chromium experimental data exhibited much 
better fit to the pseudo-second-order kinetic model (R2 > 
0.99). The process of chromium adsorption onto the AC400 
could be chemisorption. The optimum pH could be 6.3 for 
the adsorption of hexavalent chromium onto the AC400 in 
the mixed system containing amoxicillin and hexavalent 
chromium.
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