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scarcity. Hence, this article presents the analyzed data, which
are supplementary data information on the study of bio
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Adsorption polyurethane composite (pMWCNT/B-CD|TiO,-Ag) as poly-
Bio nanosponge meric nanobiosorbent, for water treatment. The devel-
Nanocomposite oped polymeric nanobiosorbent (pMWCNT/S-CD/TiO,-Ag)
Nanobiosorbent was synthesized using combined methods of amidation reac-

tion, cross polymerization, and sol-gel process. The removal
of water pollutants (trichloroethylene (TCE) and Congo red
(CR) dye) was conducted by the batch adsorption method.
The conditions used during the adsorption experiments
and methods (applied to quantify the water samples after
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adsorption studies) are described. Additional data obtained
on the effect of pH, isotherm, kinetic, and thermodynamic
studies are also illustrated.
© 2021 The Authors. Published by Elsevier Inc.

This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Specifications Table

Subject area

Specific subject area
Type of data

How data was acquired

Data format
Parameters for data collection

Description of data collection

Data source location
Data accessibility
Related research article

Chemistry, Chemical Engineering and Physics

Wastewater treatment and adsorption

Figures and images

The thermal stability of pMWCNT/B-CD/TiO,-Ag nanobiosorbent was evaluated
using differential scanning calorimetry (DSC) Mettler Toledo DSC 822 and
thermal gravimetric analysis (TGA) Pyris Series-TGA 4000 analyzer.

The surface charge (zeta potential) on the adsorbent was determined using
Malvern Zeta-Sizer Nanoseries.

After adsorption experiment the TCE filtrates were analyzed by Leco Pegasus
4D GCxGC TOF MS while UV-Vis spectrophotometer (UV-Vis spectrometer
Shimadzu UV-2450) was used to quantify the remaining amount of CR dye in
water samples.

The determination of total organic carbon (TOC) concentration in the real
water sample was done using TELEDYNE TEKMAR TOC FUSION.

Raw data

GC Methods: Column length 29.577 m, internal diameter 250 pm, film
thickness of 0.25 pm with a maximum temperature of 260 °C. Carrier
gas=Helium; front inlet type = split/splitless. Flow rate=1.00 mL/min, front
inlet temperature = 250 °C. Initial oven temperature of 50 °C and ramped at
30 °C/min to 250 °C/min, the transfer line temperature was 300 °C.

UV-Vis spectrophotometer was set on the photometric mode with 495 nm as
the maximum absorption wavelength for CR dye.

The data were collected as .asc and .txt files, then analysed using Microsoft
Excel and Origin 8 Lab software programs to obtain the presented figures.
The images were captured using a camera.

University of Johannesburg, Gauteng, South Africa

Data are with this article

A. Leudjo Taka, E. Fosso-Kankeu, K. Pillay, X. Yangkou Mbianda, Metal
nanoparticles decorated phosphorylated carbon nanotube/cyclodextrin
nanosponge for trichloroethylene and Congo red dye adsorption from
wastewater, J. Environ. Chem. Eng. Volume 8, Issue 3, June 2020, 103,602.
doi:10.1016/j.jece.2019.103602.

Value of the Data

« The data obtained are essential

because the developed polymeric nanobiosorbent

(PMWCNT/B-CD|TiO,-Ag) has a good capacity to be used as a filter or adsorbent material

for wastewater purification.

+ The data acquired can help other researchers have detailed information on the mechanism of
adsorption of TCE and CR dye.
+ These data might be useful for further experiments regarding column adsorption design for
the removal of TCE from wastewater samples using the developed pMWCNT/B-CD/TiO,-Ag

as adsorbent material.

1. Data Description

DSC (Fig. A.1) and TGA (Fig. A.2) analyses were used to evaluate the thermal stability of
PMWCNT/B-CD[TiO,-Ag nanobiosorbent [1]. From Fig A.1, it can also be depicted that the
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Fig. A.1. DSC curve of pMWCNT-BCD/TiO,-Ag nanobiosorbent [1].
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Fig. A.2. TGA curve of pMWCNT-BCD/TiO,-Ag nanobiosorbent [1].

synthesized pMWCNT/B-CD|TiO,-Ag has a DSC curve comparable to that of a semicrystalline
polymer and polymorph material.

1.1. Solution pH and adsorbent dosage studies

The surface charge on the nanobiosorbent (pMWCNT/B-CD/TiO,-Ag) was determined by zeta
potential analysis. The surface charge of the adsorbent material plays a huge role during the
adsorption and desorption processes. From Fig. B.1, it can be clearly observed that the devel-
oped polymeric nanobiosorbent is charged positively at pH < pHp,c (pH point of zero charge)
whereas the nanobiosorbent is negatively charged at pH > pHp,.. At the point of zero charge
(pH = 4.058), the developed adsorbent is neutral; it has no charge (pH = pHpc).

1.2. Isotherm models

The color changes of the model pollutant solution at different concentrations were observed
after adsorption of CR dye unto the polymeric nanobiosorbent (Fig. C.1(B) and (D)). The color
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Fig. B.1. Zeta potential analysis of pMWCNT/S-CD/TiO,-Ag nanobiosorbent [2].

Fig. C.1. Color changes observed on model pollutant solutions of CR dye before and after adsorption unto pMWCNT/S-
CD/TiO,-Ag.
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Fig. C.2. Isotherm model plots for the adsorption of TCE unto pMWCNT-BCD/TiO,-Ag.

change of the polymeric nanobiosorbent (from gray to red) was also noticed after adsorption of
CR dye.

Figs. C.2(A) and C.3(A) present Langmuir model plots for the sorption of TCE and CR dye
respectively onto the developed polymeric nanobiosorbent. According to the Langmuir model,
the adsorptions of TCE and CR dye are favorable at low and high concentrations because the
Ry factor values calculated were less than 1 [3]. The maximum sorption capacity (qmax) of the
developed nanobiosorbent for TCE adsorption was higher than the qmax for CR dye. Therefore,
the developed polymeric nanobiosorbent (pMWCNT/B-CD/TiO,-Ag) has demonstrated a higher
adsorption capacity for TCE than for CR dye.

Figs. C.2(B) and C.3(B) represent the Freundlich isotherm plot for the sorption of TCE and CR
dye, respectively. The calculated “n” values were found to be less than 1, which is an indica-
tion that the adsorption was favourable [3] for both TCE and CR dye. The R? of the Freundlich
isotherm was higher for the sorption of TCE than for CR dye sorption.

The Temkin plots for TCE and CR dye adsorption, respectively, are presented in Figs. C.2(C)
and C.3(C). The constant related to the heat of sorption (bt) was higher than —40 kj/mol for the
adsorption of both TCE and CR dye. This means that the chemisorption process [4] was involved
in the mechanism of sorption of both TCE and CR dye onto pMWCNT/B-CD/TiO,-Ag according
to Temkin model.

Figs. C.2(D) and C.3(D) illustrate the Dubinin-Radushkevish (D-R) model plot for the adsorp-
tion of TCE and CR dye, respectively. The respective mean free energy (also called activation
energy, E) for the sorption of TCE and CR dye was calculated (Table 1 of the main article); the
E values obtained were less than 8 kJ/mol, meaning the adsorption of TCE and CR dye onto
PMWCNT/B-CD|TiO,-Ag was taking place through a physisorption process according to (D-R)
model [4].
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Fig. C.3. Isotherm model plots for the adsorption of CR dye unto pMWCNT-BCD/TiO,-Ag.

1.3. Evaluation of temperature’s effect and thermodynamic study

The parameters of thermodynamic were calculated using the Van't Hoff Eq. (1) [3,5]:
AG®° = —RT Ink, (1)

According to the thermodynamic law, the Van't Hoff equation (Eq. (1)) can also be illustrated
as [6-8]:

AG® = AH° — TAS® (2)
Eq. (2) above can be further transformed as follows [3]:
Inkc = —AG°/RT = —AH°/RT + AS°/R (3)

where ke = equilibrium constant; T = absolute temperature (Kelvin (K)); and R = universal gas
constant.

The equilibrium constant (k) is dimensionless and has no unit. It is essential to note that its
values can be derived in different ways: from the Langmuir or Freundlich constant obtained at
different temperatures; from the partition coefficient (kp) or the distribution coefficient (kq) [3].
The equilibrium constant (k¢) values were derived from the distribution coefficient (kq). Firstly,
kq values were determined at different temperatures (288 K, 298 K, and 310 K) from In(qge | Ce)
vs Ce graph and extrapolating to zero Ce. Then the intercept value when C. = 0, gives the value
of Ky. Since k4 has a unit (L/g), its values should be multiplied by a factor of 1000 to finally
obtain the dimensionless k. values used to design the Van't Hoff plots [3].
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Fig. D.1. The plots of Kinetic models for the adsorption of TCE and CR dye on pMWCNT-SCD/TiO,-Ag.

1.4. Kinetic studies

Effect of contact time: Fig. D.1(A) and (B) illustrates the effect of contact time on the ad-
sorption of TCE and CR dye, respectively. It is seen that the sorption of TCE unto pMWCNT/S-
CD/TiO,-Ag occurs very fast, while the uptakes of CR dye is very slow.

The nonlinear method, using the Origin program (for nonlinear curve fit) [3], was used to
evaluate the pseudo-first-order (PFO) model parameters as well as the values of R and SSE.
Fig. D.1(A) and (B) shows a nonlinear relationship representing the PFO model for sorption of
TCE and CR dye, respectively.

Fig. D.1(C) and (D) presents a linear relationship representing, respectively the pseudo-
second-order (PSO) model for TCE and CR dye sorption unto pMWCNT/B-CD/TiO,-Ag. The values
of ge (cal.) and K, were calculated from the slope and intercept of the linear trendline t/q; vs t.

Besides, since the PSO is the suitable kinetic model, therefore the chemisorption process
might be considered as the rate-limiting step [9,10]. Similarly, it was also shown in previous
research studies (reporting on the use of organic-inorganic composite adsorbent) that the PSO
was the good fit kinetic model and the intra-particle diffusion was not the only rate-limiting
step due to multi-linearity and the trendline not passing through origin [11-14].

The supplementary files have also been provided, and these supplementary files represent
the raw data for the analyses conducted: TGA, DSC, zeta-potential, TOC, UV-Vis analysis for
Congo red dye, GCMS analysis for TCE with method development.
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Fig. E.1 presents the Standard curve employed to calculate the unknown concentration of
water samples.

Fig. 1 presents the standard calibration curve used to calculate the unknown concentration
of water samples.

14.1. Determination of total organic carbon (TOC) in the real wastewater samples
Fig. G.1 shows the standard calibration curve for the determination of unknown concentra-
tions of total organic (TOC) before and after adsorption using TELEDYNE TEKMAR TOC FUSION.
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Fig. G.1. Standard calibration Curve for the determination of unknown concentration of TOC in wastewater samples.

2. Experimental Design, Materials and Methods
2.1. Materials

MWCNTS (>90%), oxalyl chloride, B-cyclodextrin (8-CD) (97%), hexamethylene diisocyanate
(98.0%), TiO, precursor (Titanium tetraisopropoxide, 97%), TCE (99.5%), acetonitrile (>99.5%), and
sodium sulfate (Na,;SO4, anhydrous salt) (>99.0%) were obtained from Sigma Aldrich. CR dye
(98%) was obtained from Associated Chemical Entreprises while and the precursor for Ag (silver
nitrate, 99.8%) was from Rochelle Chemicals South Africa.

2.2. Preparation and characterization of the polymeric nanobiosorbent (pMWCNT/B-CD/TiO,-Ag)

In short, pristine MWCNTs were first purified then oxidized and chlorinated using oxalyl
chloride followed by the amidation reaction in order to obtain phosphorylated carbon nan-
otubes (pMWCNTs). pMWCNTs obtained were then co-polymerized with S-CD using hexam-
ethylene diisocyanate as a linker agent. Then using the sol-gel method, the resulting polymer
(PMWCNT/B-CD) was decorated with TiO, and Ag nanoparticles to yield the bio nanosponge
polyurethane composite, pMWCNT/B-CD/TiO,-Ag [1]. The new material developed (pPMWCNT)/S-
CD/TiO,-Ag) was characterized using differential scanning calorimetry (DSC), thermal gravimet-
ric analysis (TGA), electron microscopy, and combined spectroscopy techniques [1].

2.3. Batch adsorption experiments and conditions of the adsorption parameters investigated

The adsorption experiments were conducted under specific conditions as described below.
For these experiments, 100 mL glass bottles were used. These glass bottles, containing a specific
amount of the prepared nanobiosorbent and 30 mL model pollutant solution, were agitated by
a thermostatic platform shaker at 200 rpm.

(a) Solution pH [conditions: C, = 10 ppm, adsorbent dosage = 0.0025 mg, temperature = 298 K,
time = 24 h, V = 30 mL and speed = 200 rpm]

(b) Adsorbent dosage [conditions: C, = 10 ppm, temperature = 298 K, time = 24 h, optimum
pH (TCE) = 2, pH (CR dye) = 3, V = 30 mL and speed = 200 rpm]

(c) Contact time [conditions: C, = 10 ppm, temperature = 298 K, pH (TCE) = 2, optimum pH (CR
dye) = 3; optimum adsorbent dosage = 0.5 g (for TCE) and 0.01 g (for CR dye), V = 30 mL
and speed = 200 rpm]|
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(d) Initial concentrations and temperatures [conditions: C, range = [5-30 ppm], optimum pH
(TCE) = 2, pH (CR dye) = 3, optimum adsorbent dosage = 0.5 mg (for TCE) and 0.01 g (for
CR dye), V = 30 mL, time = 24 h, speed = 200 rpm, temperatures = 288 K, 298 K & 310 K].

2.4. Preparation of stock, model pollutants and standard solutions for TCE

The main stock solution (1000 ppm) was prepared in acetonitrile, and then a standard solu-
tion of 100 ppm was prepared by dilution method of a volume of 1000 ppm stock solution using
acetonitrile. The model pollutants (ranging from 5 to 30 ppm) and standard solutions for the
calibration curve (ranging from 0 to 5 ppm) were prepared by dilution method of a volume of
100 ppm solution using ultrapure deionized water (milli-Q-water). After adsorption experiments,
the TCE filtrates were analyzed by Leco Pegasus 4D GCxGC TOF MS using the static headspace
method [15].

2.5. GCxGC-TOF MS Leco method development

The analysis of TCE filtrate water samples was performed on a Leco GCXGC-TOF Low-
resolution mass spectrophotometer.

a) Sample Preparation: 3.5 g of sodium sulfate (Na,SO4, anhydrous salt) was added in 5 mL
of each water sample, and then well mixed. (The addition of Na,SO4 anhydrous salt helps
to saturate the sample solution in order to enhance the sensitivity of the static headspace
method to obtain peaks with high intensity). The sample mixtures were then used for GC-
MS analysis.

b) Sample Identification: Headspace GCxGC | GC Tof MS

c) Pre-injection Methods: Using the agitator the sample was incubated at 70 °C for 10 min.

The agitator speed was 500 rpm, with agitator speed of 100 rpm when extracting the

sample.

Injection Methods: 1 mL sample was injected in the injection port using a 2.5 mL-HS sy-

ringe with an injection temperature of 120 °C. The injection fill-up and injection speeds

were 200 pL/sec and 100 pL/sec, respectively. The injection port had a Topaz liner, split
single taper gooseneck w/Wool = 4 mm x 6.5 x 78.5) using a Gerstel Multi-Purpose

Autosampler.

e) GC Methods: Column type (Stabilwax), length 29.577 m of (30 m), the internal diameter
250 pm, and film thickness of 0.25 pm with a maximum temperature of 260 °C was used.
Carrier gas=Helium; front inlet type = Split/splitless with a splitless mode activated. Flow
rate=1.00 mL/min at constant flow while front inlet temperature = 250 °C. Initial oven tem-
perature of 50 °C which was maintained for 1 min and it ramped at 8 °C /min to 180 °C/min.
It was further ramped at 30 °C/min to 250 °C/min, where it was held for 0.17 min. The trans-
fer line temperature was 300 °C.

f) MS Methods: acquisition delay = 0 min, a mass range of 45 to 450 m/z was
analyzed with the acquisition rate of 50 spectra/second. The acquisition voltage of
1452 eV was used and electron energy (ionization energy) = —70 eV; ion source
temperature = 200 °C.
Data Processing Methods: The baseline offset of 1 (just above the noise) was used, with a
peak width of 4 secs; the signal to noise (S/N) ratio =10. The library search mode was normal
and forward. The number of libraries hit = 10, minimum molecular weight allowed = 45 and
maximum molecular weight = 450. Mass threshold = 2% and minimum similarity before the
name were assigned = 50%. The standard reference database was NIST and contents two
electron ionization (EI) libraries, replib and mainlib (which were used).

(=9
=

o
-
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2.6. Preparation of stock and model pollutants and standard solutions for CR dye

The Main stock solution (1000 ppm, v = 1 L) was prepared using 1 g of CR dye powder
made up with ultrapure deionized water (milli-Q-water). The model pollutants (ranging from
5 to 30 ppm) and standard solutions (ranging from 0 to 20 ppm) were made up by diluting
a specific volume of 1000 ppm solution using ultrapure deionized water (milli-Q-water). After
adsorption experiments, the CR dye filtrates were analyzed by UV-Vis spectrophotometer (UV-
Vis spectrometer Shimadzu UV-2450) using the photometric mode (the maximum absorption
wavelength used for CR dye was 495 nm).

2.7. Regeneration and desorption studies

The regeneration of the developed pMWCNT/S-CD/TiO,-Ag nanobiosorbent was predicted by
conducting three cycles of adsorption-desorption. Desorption study for TCE was performed at
pH = 4 while for CR dye it was done at pH 11 (pH > pHp,c) using diluted ethanol solution and
deionised water as desorbing solvents under the following conditions: C, = 10 ppm, tempera-
ture = 298 K, optimum pH (TCE) = 2, pH (CR dye) = 3; optimum adsorbent dosage = 0.5 mg
(for TCE) and 0.01 g (for CR dye), V = 30 mL, speed = 200 rpm and contact time = 24 h.

All the raw data related to this article are available in Mendeley data repository [16].
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