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Abstract 

The aim of this study is to investigate the utilization of the powder of porous titanium carbide 

(TiC) ceramics as a novel adsorbent or a material for solid-phase extraction (SPE). The 

adsorption and elution of inorganic and organic pollutants, Pb(II), 2,4,6-trichlorophenol (TCP), 

perfluorooctane sulfonate (PFOS), and perfluorooctanoic acid (PFOA), to the material were 

evaluated. The cartridge packed with TiC ceramics powder was used for the extraction test of 

pollutants. The solution containing pollutants at 1.0 g/mL was passed through the TiC 

cartridge, and the substances were almost quantitatively removed. Furthermore, the pollutants 

retained in the cartridge were eluted with 3N HCl for Pb(II) and with methanol for organic 

pollutants. The recoveries of pollutants were over 80 %. In addition, we used the TiC cartridge 

for the solid-phase extraction of water samples (500 mL each of the distilled water and the 

river water) by adding pollutants at determined concentrations. Every pollutant was adsorbed 

almost quantitatively, and eluted by 3N HCl or methanol. From these results, we concluded 

that the powder of porous TiC ceramics is a useful reusable adsorbent for the water cleanup 

and solid-phase extraction. 

 

Key words: TiC, porous ceramics, combustion synthesis, water clean-up, solid-phase extraction, 

reusable adsorbent 
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1. Introduction 

Quality maintenance of drinking and environmental water is very important in order to avoid toxic 

influences of contaminants on human beings and living creatures. For the conservation of water 

safety, the improvements and further developments of water treatment and analytical techniques 

have been needed. 

Adsorbents have been playing an important role for the clean-up process of waste water, and 

various materials have been developed as adsorbents [1,2]. Activated carbon, in particular, has been 

widely used as a typical adsorbent material for the clarification of water [3-5]. The material is a 

microporous adsorbent and is very useful for the removal of various pollutants. However, the 

interaction between the activated carbon and pollutants are generally very strong, thus making it 

difficult to elute adsorbed matters and to recycle activated carbon at a low cost [6]. This leads to the 

generation of huge quantity of toxic sludge. Therefore, the development of the adsorbents, which can 

not only remove pollutants and elute the adsorbed matters, but also be reused, has been needed.  

Adsorbents have been also used as the material for solid-phase extraction (SPE) in an 

examination of water. SPE has been applied to various analyses, such as environmental monitoring 

[7-9], food analysis [10-12], and biochemical analysis [13-15]. Octadecyl-bonded silica gel (ODS) 

has been widely used as an adsorbent of organic compounds for SPE [16].
 
ODS can sorb wide range 

of organic compounds and elute them by organic solvents, such as methanol and acetonitrile. 

However, there are several limits for the use of ODS, such as the range of pH [17,18]. 

   Our research group developed porous titanium carbide (TiC) ceramics [19]. The ceramics has 

been fabricated from the reactants of titanium powder and carbon fiber by the combustion synthesis 

method. There were several reports concerned with the preparation of porous carbide ceramics, such 

as silicon carbide, zirconium carbide, titanium carbide, and hafnium carbide [20-23]. In this study, 

we focus on porous TiC ceramics, because the costs of raw materials are relatively low, and the 
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preparation method was established. It is anticipated that porous TiC ceramics shows adsorption 

activity like activated carbon, because it contains carbon and has porous structure. In addition, the 

material would be able to be washed by various solvents and be reused, because ceramic materials 

show high persistency. Therefore, it is thought that TiC ceramics has a potential to be a useful and 

unique adsorbent for the clarification of environment and SPE. 

Several researches concerned with the use of ceramics material as adsorbents for the clarification 

of environment was presented [24]. However, there were very few examples which applied porous 

carbide ceramics to water treatment [25].
 
In this study, we investigated the utilization of the powder 

of porous TiC ceramics as a novel adsorbent for the removal of pollutants from water and the 

solid-phase extraction. The object substances for adsorbates to TiC ceramics were Pb(II), 

2,4,6-trichlorophenol, and perfluorinated compounds. It is well known that lead is a highly toxic 

element and has been extensively used in the modern industry to manufacture products, such as 

lead-acid batteries, radiation shields, gasoline, and paint. 2,4,6-Trichlorophenol is a chlorinated 

phenol that has been used as a fungicide, herbicide, and insecticide. It is carcinogenic in animals, 

causing lymphomas, leukemia, and liver cancer via oral exposure. Perfluorinated compounds, 

perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA), have been used in a variety of 

consumer and industrial applications, and are shown to be globally distributed, environmentally 

persistent and bioaccumulative. Pb(II), 2,4,6-trichlorophenol, PFOS and PFOA have been found in 

water environment, and it is important to get further information about their distribution in the 

environment. 

 

2. Experimental 

2.1 Materials 

TiC ceramics was obtained from O.S.U. (Osaka, Japan). TiC ceramics was crushed by a jaw crusher 
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(Fritsch Japan, Kanagawa, Japan), and sieved. TiC ceramics powder with the grain size of 45-75 m 

was used for the adsorption test in this study. The surface area of the powder was 2.77 m
2
 g

-1
. 

Sodium hydroxide, hydrochloric acid, lead nitrate (II), nitric acid, 2,4,6-trichlorophenol (TCP), 

methanol, acetonitrile, acetic acid and ammonium acetate were purchased from Wako Pure Chemical 

Industries (Osaka, Japan). PFOS and PFOA were obtained from Tokyo Kasei (Tokyo, Japan). 

Sodium dodecyl-d25 sulfate (SDS-d25) was from CDN isotopes (Quebec, Canada). Distilled water 

was produced by an automatic water distillation apparatus (NANOpure II, Barnstend, Boston, MA, 

USA). 

2.2 Extraction test 

Polypropyrene syringe（Internal diameter: 12.5 mm; VARIAN, PaloAlto, U.S.A.）was packed with 

porous TiC ceramics powder (2.0 g), and polypropyrene frits (upper and lower) were used at each 

end of the cartridge to hold the packed TiC powder in place. The obtained column was used as the 

TiC cartridge. The height of TiC ceramics phase of the TiC cartridge was 8 mm. The stacking 

density of the TiC cartridge was 5.0 g cm
-3

. In order to avoid adsorption of metals to glass vessels, 

the pH level of the metal solutions was set at 5 for the adsorption test of TiC ceramics [26]. The pH 

of the solutions was adjusted with HCl and NaOH. For the Pb(II) extraction and elution test, the 

procedure was as follows: TiC cartridge was pre-conditioned with 20 mL of HCl (3 N) first, then 

with 30 mL distilled water (pH 7), and lastly with 10 mL distilled water (pH 5). Next, 10mL of the 

water sample solution, which was spiked with 10 g of Pb(II) and adjusted to pH 5, was put through 

the cartridge. The flow rate was at 10 mL min
-1

. Subsequently, the retained Pb(II) was eluted with 10 

mL distilled water (pH 5) and 30 mL (10 mL x 3) of 3 N HCl. The eluent was measured for the 

quantitative determination of Pb(II) by ICP emission spectrometry.  

The extraction and elution test of organic pollutants was performed as follows: TiC cartridge was 

pre-conditioned with 20 mL of methanol first, then with 10 mL distilled water (pH 7), and lastly with 
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10 mL distilled water (pH 5). Next, 10mL of the water sample solution, which was spiked with 10 

g of TCP, PFOS, and PFOA, and adjusted to pH 5, was put through the cartridge. The flow rate was 

set at 10 mL min
-1

. Subsequently, the retained pollutants were eluted with 10 mL distilled water (pH 

7) and 30 mL (10 mL x 3) of methanol. The eluent was measured by liquid chromatography/mass 

spectrometry (LC/MS). Moreover, in order to observe the reusability of TiC ceramics as adsorbent 

for pollutants, the extraction test was repeated 5 times by using the same TiC cartridge. 

Commercially available activated carbon cartridge AC2 (Sep-Pak plus; Waters, Milford, MA, 

USA) was used for the comparison of the adsorption behavior with the TiC cartridge. Extraction 

tests using AC2 were also performed by the same procedure as the TiC cartridge.  

2.3 Batch experiments 

The adsorption capacities and isotherms for Pb(II), TCP, PFOS, and PFOA were determined in batch 

adsorption experiments. Batch experiments to determine adsorption capacities were carried out 

under various conditions of the initial concentration of Pb(II) or TCP, the quantity of TiC ceramics 

powder, and the agitation time. All batch experiments were conducted under ambient conditions.  

TiC ceramics powder and 25 or 100 mL distilled water containing Pb(II) or TCP were added to 

each flask. Next, the solutions were stirred at 158 rpm by shaker. The tested suspension was filtered 

with cellulose membrane with pore size 0.45 m (Millipore Corporation, Bedford, U.S.A), and the 

filtered solution was used for measuring Pb(II) and TCP concentration. The adsorptions of Pb(II) and 

TCP to the cellulose membrane were not observed under the condition of the experiments. 

2.4 Solid-phase extraction using TiC ceramics 

Recovery tests were carried out using water samples (500 mL) spiked with Pb(II) and organic 

pollutants. Distilled water and river water were used as samples. River water was sampled from 

Chikuma River on 13
th

 October and 30
th

 November, 2009. The river water samples were filtered 

through a cellulose membrane with pore size 0.45 m (ADVANTEC, Tokyo, Japan) immediately 
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after the sampling, and they were adjusted to pH 5. The samples were maintained in glass containers, 

and stored at a temperature of 4 
◦
C. The pre-condition procedure of the TiC cartridge, the extraction 

and elution procedures were the same as described above. The sample was put through the TiC 

cartridge by a micro tube pump (EYELA, Tokyo, Japan) at 10 mL min
-1

.  

2.5 Analytical procedure 

Pb(II) concentrations in solutions were measured by ICP emission spectrometer SPS 3100 (SSI 

nanotechnology, Tokyo, Japan; experimental operating parameters: RF power: 1.2 kW; plasma gas 

flow rate (Ar): 16 L min
−1

; carrier gas flow rate: 1.0 L min
−1

; auxiliary gas flow rate: 1.0 L min
−1

). 

Working wave lengths for lead was 220.353 nm. The detection limit of Pb(II) was 30 g/L. 

The concentrations of organic compounds in solutions were analyzed using LC/MS technique. 

LC/MS 2010A (Shimadzu, Kyoto, Japan) was used for LC/MS measurement. L-column ODS 

(Chemicals Evaluation and Research Institute, Tokyo, Japan: 5 m particle size, 2.1x150 mm i.d.) 

was used for the LC separation of 2,4,6-TCP, PFOS and PFOA. The HPLC separation was carried 

out at 40 °C using a gradient composed of solution A (1 mM ammonium acetate solution adjusted to 

pH 4 by the addition of acetic acid) and solvent B (acetonitrile). The gradient condition in solvent B 

was as follows: 0-5 min, a linear increase from 5 to 80 %; 5-10min, a linear increase from 80 to 

99 % B; 10-30 min, hold at 99% B. The flow rate was 0.20 mL min
-1

. The ESI conditions were heat 

block temperature, 200
o
C; interface voltage, 4.5 kV; CDL voltage, 20 V. The sample solution (0.5 

mL) was mixed with 10 or 20 μl of internal standard methanolic solution (sodium dodecyl 

sulfate-d25, 4 μg /ml). The solutions (10 L) were injected into the LC/MS system. The LC/MS 

acquisition was performed in the selected ion monitoring (SIM) mode at m/z 195 for TCP, m/z 413 

for PFOA, m/z 499 for PFOS and m/z 290 for the internal standard. The detection limit of TCP, 

PFOS, and PFOA were 5, 0.1, and 0.1 g/L, respectively. 
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3. Results and Discussion 

3.1 TiC ceramics 

TiC ceramics is a sintered material formed by combustion synthesis method from titanium and 

carbon powder (Ti:C=1:1) at 3000 
◦
C [19]. It was found that the material was porous by the SEM 

measurement (Fig. 1), and the most frequent pore diameter observed by the babble point method 

using Perm-Porometer (PMI, BrainStorm, U.S.A) was 0.28 m. So far, many kinds of porous 

ceramics materials, with pore diameters ranging from nm to mm have been developed. These 

materials have been applied to filters or catalyst supports, because they open up the fluid, and they 

have a large surface area [27].
 
In general, the pore diameters of activated carbons are nm level. The 

pore diameter of TiC ceramics is about hundred times larger than that of general activated carbons.  

 

3.2 Extraction ability of TiC ceramics 

In order to evaluate the extraction ability of porous TiC ceramic powder, the adsorptive removals of 

Pb(II), TCP, PFOS, and PFOA on TiC cartridge were studied. The results are shown in Table 1. 

Every pollutant was adsorbed almost quantitatively, and eluted over 80 % by 30 mL of 3N HCl or 

methanol. Concerning with the elution of the organic compounds, the good recoveries were also 

obtained by the elution using acetonitrile. However, the values of recovery variability by the elution 

using acetonitrile were more than those using methanol, therefore we selected methanol as the 

eluate. 

Similar adsorption-elution test was studied using a commercial activated carbon cartridge. The 

results are summarized in Table 2. Pb(II), TCP, PFOS, and PFOA were quantitatively absorbed on 

the cartridge, but the values of elution (%) were lower compared to those by TiC cartridge.  

When an adsorbent is used for the concentration, it is preferable that good recovery is achieved 

by the elution with a small amount of the eluate. However, the recoveries of TCP, PFOA, and PFOS 
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with 10 mL of methanol were only 65, 14, and 39%, respectively. It is expected that the elution 

behavior of an adsorbent would be improved by modifying the packing of TiC ceramics to the 

cartridge and the homogenization of diameters in the material. 

Next, the adsorption and elution test using the same TiC cartridge was repeated 5 times in order 

to observe the reusability of the TiC cartridge. The results for Pb(II) are shown in Figure 2. The 

adsorption (%) was 100 %, and the elution (%) was approximately 80 % through the 

adsorption-elution cycles (1-5 times). In the case of TCP, PFOS, and PFOA, the adsorption (%) was 

100 %, and the elution (%) was over 80 % through the adsorption-elution cycles (1-5 times). The 

results for TCP are shown in Figure 3. There was a tendency that the elution (%) increased by 

repeating the adsorption-elution step. This would be caused by the elution of the retained target 

compounds in TiC cartridge at the previous adsorption-elution step. However, it is considered that 

TiC powder can be repeatedly used as an adsorbent to remove the target compounds from water by 

eluting them with appropriate solvents. 

 

3.3 Adsorption mechanism and capacity of TiC ceramics 

In order to discuss the adsorption capacities and mechanisms for Pb(II) and TCP to TiC ceramics, the 

adsorption isotherms were obtained by the batch test using TiC ceramics powder (Figure 4 and 5). 

The plots at the concentration of adsorbates 0-1000 g L
-1

 showed a linear line for Pb(II) and a 

convex curve line for TCP. In general, the linearity of the adsorption isotherms at low levels of an 

adsorbate indicates that the partition between the adsorbent and the solution at a constant rate occurs. 

Therefore, Pb(II) would be partitioned between TiC ceramics and water at a constant rate, and that 

leads to the high recovery of Pb(II) adsorbed on the TiC cartridge by the elution of HCl solution.  

A convex curve line of the adsorption isotherms at low levels of an adsorbate is shown in the case 

that there are some interaction between the surface of the adsorbent and the adsorbate, and the 
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interaction between the adsorbent and a solvent is small [28]. Activated carbon generally shows the 

convex curve line of the adsorption isotherms for organic compounds because the material 

hydrophobically interacts with organic compounds. It is anticipated that TiC ceramics adsorb TCP 

with hydrophobic interaction as activated carbon. Pore size of the adsorbent has a significant effect 

on hydrophobic interactions on the solid phase [29]. The pore size of TiC powder is larger than that 

of the activated carbon (Table 2), and that would make the elution of pollutants on TiC easier. 

Next, the obtained adsorption data were fitted to the Freundlich adsorption isotherm and 

Langmuir adsorption isotherm. Langmuir adsorption isotherm is applied to the equilibrium 

adsorption assuming monolayer adsorption onto a surface with a finite number of identical sites.  

The Freundlich isotherm model (R
2
= 0.96 and 0.97 for Pb(II) and TCP, respectively) can describe 

the isotherm better than the Langmuir isotherm model (R
2
= 0.71 and 0.91). The result suggests that 

adsorption of Pb(II) and TCP to TiC ceramics is not the monolayer adsorption onto a surface of TiC 

ceramics, and there are several kinds of adsorption pattern between the adsorbates and TiC ceramics. 

The parameters obtained from the Freundlich isotherm of TiC ceramics are summarized in Table 3, 

and the parameters obtained from the Freundlich isotherm of adsorbents, which have been 

previously reported, are also shown in Table 3. The adsorption capacities of TiC ceramics for Pb(II) 

and TCP were smaller than those of other adsorbents. On the other hand, the n value of TiC ceramics 

for TCP was similar to that of activated carbon. The result suggests that the interaction between TiC 

ceramics and TCP was as strong as that of activated carbon.  

It is considered that the reasons why the adsorption capacities of TiC ceramics are lower than 

those of activated carbon are that the surface area of TiC ceramics is smaller and the density of TiC 

is higher than that of activated carbons. It is expected that the adsorption capacity of TiC ceramics is 

increased by the change of the Ti:C ratio at the combustion synthesis of the ceramics and the 

modification of the surface of the material. However, there is a possibility that those reformulations 
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may lead to the loss of the persistency in TiC ceramics or the decrease in the recovery of absorbates 

by elution.  

 

3.4 Application of TiC ceramics to solid-phase extraction 

For the evaluation of recoveries of Pb(II), TCP, PFOS, and PFOA by SPE using TiC ceramics as an 

adsorbent, the extraction procedure was carried out after the 500 mL of distilled water or river water 

were spiked with 5.0 and 50 g of Pb(II) or 0.25 and 2.5 g of TCP, PFOS, and PFOA. The 

adsorbates, Pb(II), TCP, PFOS, and PFOA, were not detected in distilled water and river water 

without spiking with the standard solutions.  

Table 4 shows relative standard deviation and mean recoveries determined by the recovery test of 

the distilled water and river water samples spiked with 5.0 and 50 g of Pb(II) standard solutions. 

Recoveries (%) of Pb(II) by this method were 78 and 96 for 500 mL of distilled water and river 

water spiked with 5.0 g of Pb(II). The relative standard deviations were 4.6 and 5.2 %. For the 

solution spiked with 50 g of Pb(II), recoveries (%) of Pb(II) were 84 and 93, and the relative 

standard deviations (%) were 0.81 and 4.0, respectively. These results indicate that the solid-phase 

extraction method using TiC cartridge offers the potential to carry out surveys of Pb(II), which are 

present in river water in the 10 g L
-1

 range. The environment and effluent standards of Pb(II) in 

Japan are 10 and 100 g L
-1

, respectively. Therefore, it is considered that TiC cartridge has a 

potential to be applied to the environmental analysis of Pb(II). 

Next, relative standard deviation and mean recoveries determined by the recovery test of the 

distilled water and river water samples spiked with 0.25 and 2.5 g of TCP, PFOS, and PFOA 

standard solutions were summarized in Table 5. The peaks of TCP, PFOS, and PFOA were clearly 

detected without interferences by peaks of contaminants in the sampled river water. Recoveries (%) 

of TCP, PFOS, and PFOA were in the ranges of 89–101 (0.25 g of these compounds were spiked in 



 12 

500 mL of distilled water) and 102–114 (spiked with 2.5 g), and the relative standard deviations 

(%) were in the ranges of 5.9–29 (0.25 g) and 18–25 (2.5 g). The relative standard deviations 

were relatively high compared to the case for the extraction of Pb(II) by TiC cartridge, though the 

recoveries showed approximately 100 %. Hydrophobic interaction between an adsorbent and an 

adsorbate is influenced by the surface structure of an adsorbent. As described above, it is considered 

that TiC ceramics absorb organic compounds with hydrophobic interaction. Therefore, it is expected 

that the dispersion of recoveries can be decreased by the further homogenization of the particle size 

and form of TiC ceramics.  

In the case of river water, the recoveries (%) of TCP, PFOS, and PFOA were in the ranges of 

26–58 (0.25 g of these compounds spiked in 500 mL of river water) and 65–91 (spiked with 2.5 

g), and the relative standard deviations (%) were in the ranges of 8.9–9.0 (0.25 g) and 14–26 (2.5 

g). In the case of 0.25 g of these compounds spiked in 500 mL of river water, the recoveries were 

low. When the PFOS spiked solution was passed through TiC cartridge, PFOS was not detected in 

the obtained solution. The recovery of PFOS (0.25 g of PFOS spiked in 500 mL of river water) was 

55 %. The elution of PFOS would be interrupted by the influence of environment matrix. On the 

other hand, when the PFOA spiked solution was passed through TiC cartridge, PFOA was detected 

in the obtained solution. Therefore, the adsorption rate of PFOA to TiC ceramics was not 100%, but 

about 70% (spiked with 2.5 g). PFOA has a property like a surface acting agent, and the adsorption 

rate may be decreased by the formation of micell with matrix in the river water. 

As a result, it was found that the recovery of the environmental analysis for organic pollutants 

using TiC cartridge could be influenced by the matrix in the sample. However, it is considered that 

the TiC cartridge could be applied to the environmental analysis for TCP and PFOS of the water 

sample containing these compounds at the concentration more than 5.0 g L
-1

. 
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4. Conclusion 

A novel application of the porous carbide ceramics has been presented in this study. The advantages 

of the powder of porous TiC ceramics as an adsorbent are adsorption abilities for both inorganic and 

organic pollutants, an easy elution of retained compounds by using appropriate solvents, and a good 

reusability. It is expected that TiC ceramics is useful for not only the removal and analysis of 

pollutants but also the extraction of valuable resources, such as rare metals, from environmental or 

waste water. The material has various potentials to be contributed to the development of water 

cleanup technology and environmental sciences. 
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Figure captions  

Fig.1 Scanning electron micrograph of TiC ceramics (x 180) 

Fig. 2 Adsorption and elution of Pb(II) by TiC cartridge 

(Initial Pb(II) concentration: 10 g/mL; adsorbent loading 2.0 g/10 mL) 

Fig.3 Adsorption and elution of PFOS by TiC cartridge 

(Initial PFOS concentration: 10 g/mL; adsorbent loading 2.0 g/10 mL) 

Fig.4 Adsorption isotherm of Pb(II) to TiC ceramics 

Fig.5 Adsorption isotherm of TCP to TiC ceramics 
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Table 1 Adsorpiton and elution of the compounds for TiC cartridgea

Pb(II) TCP PFOS PFOA
Adsorption (%) 97±0.27 100 100 100

Elution (%) Distilled water 10mL 0.0 Distilled water 10 mL 0.0 0.0 0.0
3N HCl  0-10 mL 82±1.9 Acetonitrile  0-10 mL 39±15 2.8±1.0 9.2±5.9
3N HCl 11-20 mL 9.4±3.3 Acetonitrile 10-20 mL 40±12 81±8.5 59±9.8
3N HCl 21-30 mL 6.2±1.7 Acetonitrile 20-30 mL 4.3±1.4 5.0±4.4 16±12

Total of elution (%) 97±5.2 83±12 89±7.3 84±4.4

TCP PFOS PFOA
Adsorption (%) 100 100 100

Elution (%) Distilled water 10 mL 0.0 0.0 0.0
MeOH  0-10 mL 65±8.3 14±0.62 39±2.3
MeOH 10-20 mL 30±3.4 75±1.5 59±3.3
MeOH 20-30 mL 13±3.1 12±2.3 4.8±1.4

Total of elution (%) 108±4.9 101±2.1 103±4.9

a n=3.

 

Table 2 Adsorpiton and elution of the compounds for AC2 cartridgea

Pb(II) TCP PFOS PFOA
Adsorption (%) 100 99±2.3 100±0.15 100±0.030

Elution (%) Distilled water 10mL 0.0 Distilled water 10 mL 0.0 0.058±0.030 0.096±0.025
3N HCl  0-10 mL 40±5.2 MeOH  0-10 mL 0.0 0.90±1.1 13±3.9
3N HCl 11-20 mL 15±1.3 MeOH 10-20 mL 0.0 0.28±0.088 7.0±1.3
3N HCl 21-30 mL 8.6±2.2 MeOH 20-30 mL 0.0 0.23±0.12 5.3±1.0

Total of elution (%) 64±2.2 0.0 1.4±1.1 26±6.0
a n=3.

 

Table 3 Freundlich parameters of TiC ceramics and other adsorbents
Adsorbent Adsorbate Specific surface Ref

KF（mg/g(L/mg)1/n） n r2  area（m2/g）

Activated carbon Pb 0.85 2.27 0.87 655.44 [30]
Bnetonite Pb 17.98 1.19 0.95 62.69 [30]
Fly ash Pb 1.92 4.34 0.97 0.75 [30]

TiCceramics Pb 0.248 1.23 0.96 2.77 This study
Activated carbon prepared from

oil palm empty fruit bunch TCP 22.04 1.25 0.998 - [31]
TiCceramics TCP 0.42 2.75 0.97 2.77 This study

Freundlich parameter
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Table 4 Recovery of Pb(II) from distilled water and river water (500 mL)a

Fraction
Spiked quantity of

Pb (g) Solution Recovery（％）

3N HCl  0-10mL 50 Distilled water 500 mL 80±0.81
3N HCl 10-20mL 50 Distilled water 500 mL 3.1±0.13
3N HCl 20-30mL 50 Distilled water 500 mL 0.99±0.21

total - - 84±0.81
3N HCl  0-10mL 5.0 Distilled water 500 mL 78±4.6
3N HCl 10-20mL 5.0 Distilled water 500 mL 0
3N HCl 20-30mL 5.0 Distilled water 500 mL 0

total - - 78±4.6
3N HCl  0-10mL 50 River water 500 mL 90±4.3
3N HCl 10-20mL 50 River water 500 mL 2.1±0.36
3N HCl 20-30mL 50 River water 500 mL 0.74±0.27

total - - 93±4.0
3N HCl  0-10mL 5.0 River water 500 mL 96±5.2
3N HCl 10-20mL 5.0 River water 500 mL 0
3N HCl 20-30mL 5.0 River water 500 mL 0

total - - 96±5.2
a n=3.  

 

Table 5 Recovery of TCP, PFOA, and PFOS from distilled water and river water (500 mL) a

Fraction Solution
TCP (2.5 g) PFOS (2.5 g) PFOA (2.5 g) TCP (0.25 g) PFOS (0.25 g) PFOA (0.25 g)

MeOH  0-10mL Distilled water 500 mL 45±12 59±31 75±31 22±7.8 59±25 72±21
MeOH 10-20mL Distilled water 500 mL 33±19 54±8.5 34±8.8 45±5.6 38±5.7 28±6.9
MeOH 20-30mL Distilled water 500 mL 8.1±3.2 0.76±0.73 0.73±0.38 23±7.6 0.58±0.032 1.1±0.20

total - 102±18 114±25 110±22 89±5.9 98±29 101±24
MeOH  0-10mL River water 500 mL 91±14 90±16 65±26 58±9.0 54±9.0 23±7.0
MeOH 10-20mL River water 500 mL 0 0.84±0.42 0.58±0.17 0 0.50±0.12 2.2±2.9
MeOH 20-30mL River water 500 mL 0 0.12±0.013 0.27±0.029 0 0.25±0.021 0.42±0.096

total - 91±14 91±17 65±26 58±9.0 55±9.0 26±8.9
a n=3.

Recovery (%)

 


