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KEYWORDS Abstract The rice husk (RH) composite with polypyrrole (PPY-RH) was fabricated and investi-
Tricholorophenol; gated for the abatement of TCP (2,4,6-trichlorophenol) in column adsorption mode. The flow rate,
Column mode; bed height and TCP inlet concentration are the influential parameters, which were optimized for the
Sorption; enhanced removal of TPC. The breakthrough time declined with bed depth decrease, while it was
Kinetics; reverse for flow rate and TPC inlet concentration. It was also depicted that with a higher in flow
Composite; rate, less bed height and inlet TCP concentration, the biosorption capacity decreased. Column mod-
Wastewater els viz. Thomas and Bed Depth Service fitted better with the TCP adsorption data of TPC. Scanning

electron microscope (SEM) analysis was also performed -pre and post adsorption and it was
observed that the surface characteristics of the composite was changed significantly after the
adsorption of TCP and similar observation was observed in FTIR analysis. The thermogravimetry
analysis (TGA) was accomplished in order the check the stability, which revealed promising stabil-
ity of the prepared composite. The rice husk composite with PPY has potential for the removal of

TCP, which has promising capability for the adsorptive removal of TCP from the effluents.
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1. Introduction

Since technological revolution natural assets of the universe specif-
ically air, soil and water have been spoiled with different types of
chemicals in various ways. Among them, water pollution is playing
an adverse role in taking organisms on the verge of extinction. The
concentration of several pollutants in wastewater is observed
beyond a certain permissible level. They can be characterized as
inorganic and organic or their particular compound depending on
their source of origin. According to the United Nations Report
(Connor, 2015), the population will rise to 9.3 billion by 2050,
the world may face severe water scarcity (Khalid et al., 2021,
Nazir et al., 2021).

Phenolic compounds are one of POPs (persistent organic pollu-
tants), which frequently mixed into the water resources causing an
unpleasant odor and taste of the water. It is toxic and can be absorbed
through the skin and is also mutagenic beyond the permissible concen-
tration limit (Ghezali et al., 2018, Igbal et al., 2019). The waterborne
diseases of chlorophenols on aquatic species have been reported. The
bacteria and fish toxicity of some phenols results showed that phenols
were toxic to the aquatic species. Phenolic compounds frequently occur
where industries use petroleum products and commonly used in petro-
leum refining industries along with various other industries. Phenol is
readily soluble in water and its wet chemical analysis contributes to
many other phenolic derivatives. Mono- to penta-substituted
chlorophenols are broadly used as synthesis intermediates in dyestuffs.
Phenolic compounds can also be formed by the degradation of com-
plex molecules such as phenoxy acetic acid and chlorobenzenes
(Igbal and Bhatti 2015, Ashar et al.,, 2016, Ahamd et al., 2017,
Shafique et al., 2020).

At current, there is a great concern for the purification of water
by employinmg several techniques viz, filtration, sedimentation, pre-
cipitation, chlorination, adsorption etc (Benabdallah et al., 2017,
Daij et al, 2017, Djehaf et al., 2017, Legrouri et al., 2017,
Minas et al.,, 2017, Ghezali et al., 2018, Ibrahim et al., 2020,
Awwad et al., 2021, Elsherif et al., 2021). Each technique has its
own merits and demerits. Various studies in past focused on
adsorption for water purification because of simple design, cost-
effective, wide pH range, and high performance and the use of
agro-waste which is termed as biosorption is found one of promis-
ing techniques in this regard. Biosorption investigation is performed
in batch and column mode. Batch mode is employed for optimizing
the input (reaction time, pH, concentration of the adsorbate, the
mass of adsorbent, etc) variables, which are then applied in column
mode for scale-up of adsorption process for practical use (Kausar
et al,, 2017, Kausar et al., 2021, Khan et al., 2021), i.e., Amiri
et al. (Bahrami et al., 2018) studied the removal of 2,4-dichloro
acetic acid using rice husk as a sorbent in column mode and the
efficiency was highly promising. Similarly, Liu et al. (Liu et al.,
2020) investigated the removal of different types of pollutants using
functionalized straw as a sorbent with efficiency adsorption effi-
ciency. Also, the performance of the activated carbon in column
study for phenolic compounds from refinery wastewater has been
studied (El-Naas et al., 2017). Fitting of different kinetic models
revealed that activated carbon the best choice for phenolic com-
pounds adsorption.

Several methods have been used for phenolic compounds
removal from (Igbal and Bhatti 2015, Ashar et al., 2016, Ahamd
et al., 2017, Ghezali et al., 2018, Bhatti et al., 2020, Shafique
et al., 2020), which are regarded as costly and non-ecofriendly. In
this investigation, a cost-effective technique was adopted for TCP
adsorptive removal. The potential of rice husk (RH) composite with
polypyrrole (PPY) was prepared and applied for TCP removal in a
column mode. Different kinetic models like Thomas and BDST
models were employed for the interpretation of adsorption data.
The TGA and SEM techniques were used for the characterization
of the prepared composite.

2. Material and methods

2.1. Reagents

The chemicals, i.e., hydrochloric acid (HCI), pyrrole
(C4H4NH), ferric chloride (FeCl;), sodium hydroxide
(NaOH), sulfuric acid (H,SO4), HCHO and methanol (CHs-
OH) were precured from Merck. The RH biomasses were col-
lected from the farmer fields.

2.2. Sorbent preparation

Biomass has a size between 300 and 500 nm was chemically
reacted with formaldehyde for their color removal. In this
practice, solution of 100 mL (0.1 M) sulphuric acid (H,SOy)
and 5 mL of formaldehyde (HCHO) was taken in a flask con-
taining 10 g biomass and agitated at 50 °C for 36 h in an orbi-
tal shaker at 120 rpm. The same procedure was done with
other sorbents used for screening. After agitation, sorbents
were remised with water and dried at 60 °C (Yadamari et al.,
2011). The screening was performed with eight sorbents (bar-
ley Husk (BH), rice husk (RH), mustard (MD), peanut husk
(PH), sugarcane bagasse (SB), citrus (CT), sawdust (SD) and
eucalyptus bark (EB)) in batch mode.

2.3. Biocomposite preparation (PPY-RH)

To enhance the biosorption characteristics of RH, a composite
with polypyrrole (PPY-RH) was prepared. The biomass was
mixed in pyrrole solution (0.2 M) and kept 12 h at 25 °C. After
24 h, the polymerization process was initiated by introducing a
FeCl; (0.5 M) slowly in the above contents of RH (Ishtiaq
et al., 2020). In the end, polymer-coated RH was filtered,
washed, and dried at 60 °C for 4 h.

2.4. Characterizations

For pH,, determination, adsorbent was soaked in 0.1 M solu-
tion of KNO; and pH was set in 2 to 10 range. The contents
left for two days at room temperature and measure the pH
change. pH effect was also investigated using a batch approach
in 2-8 range, while keeping all other factors constant. Results
were predicted in the form of biosorption capacity. Prepared
sample was subjected to different characterization techniques
viz, SEM, BET, FTIR and TGA.

2.5. Adsorption studies

For adsorption study, a column system was used having a
glass column with dimensions 20 mm diameter (internal) and

Table 1 Model equations used to calculate the theoretical

values.

Model  Equation Plot

Thomas |p (e—1)= W_ Ky x C, xt In [t(Co/Ct)-l]
S

BDST t= NoZ _ 1c0 ln(% —_ 1) Z vst

CU K,
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CcT RH MD SB BH SD EB PH

mSorbents 5.12768  10.07808 4.1376 2.7232 2.22816 1.02592 2.58176 4.06688

qe(mg/g)

Fig. 1 The adsorption capacity of different agro-wastes for TCP removal (adsorbent dose 0.05 g; temperature, 30 °C; contact time
90 min; particle size < 300 pm).

Fig. 2 Proposed mechanism for the adsorption of TCP on the composite adsorbent.

3.5

—&—RH

25 —@—PPY-RH

ApH

pHi

Fig. 3 Point of zero-charges analysis of the prepared adsorbents.



A. Noor et al.

30

25

20

15

d.(mg/g)

10 —e—RH
—&—PPY-PH

pH

Fig. 4 Effect of pH on the removal of TCP using RH and PPY-RH (adsorbent dose, 0.05 g; 30 °C; contact time 90 min; particle

size < 300 pm).

42 cm height, filled with a measured quantity of adsorbent
(RH and PPY-RH). A TCP solution was pumped using a peri-
staltic pump and effluent was collected after regular intervals
followed by the measurement of absorbance at 296 nm (CE
Cecil 7200 UK). Biosorption capacity was calculated by
employing Eq. (1).

Flow rate x breakthrough time (50%) x inlet TCP conc.

Breakthrough capacity = Adsorbent mass

(1)

e e
ZS @Y 1A s

Fig. 5 Surface morphological analysis of the prepared adsor-
bents, (A) RH and (B) RH-PPY.

2.6. Kinetics study

For this study, regression analysis was used and the adsorption
data was statistically analyzed. The adsorption capacity was
the dependent variable in this study, while bed height, TCP
inlet concentration and flow rate were independent variables.
To check the adsorption kinetics, Thomas (Thomas 1944)
and BDST (Bohart and Adams 1920) models were applied
(Table 1).

3. Results and discussion

3.1. Biomasses efficiency comparison

The experiment was executed to evaluate the effective adsorp-
tion potential of various biomasses such as barley husk (BH),
mustard (MD), sugarcane bagasse (SB), peanut husk (PH),
rice husk (RH), sawdust (SD), citrus (CT) and eucalyptus bark
(EB) to remove TCP from aqueous solution. The rice husk
shows the promising effect for TCP adsorption (Fig. 1). This
might be due to the difference in properties, i.e., binding sites
available for the attachment of TCP ions. The rice husk (RH)
was further used for the preparation of composite with PPY
and employed for TCP sequestration in a column mode and
various input variables were optimized for the same.

3.2. Properties of the adsorbent

The pHy,. (point of zero charge) analysis was employed to
determine the surface charge of the adsorbent since pHp,c
impact for the adsorption of adsorbate on to the adsorbent
is highly crucial sue to change in the surface charges of the
adsorbent. For this, the adsorbent bears a positive charge
if < pH,,. and this is reversed for > pH,,. and vice versa.
It is reported that the pH is changed and surface activity of
the adsorbent also also changed, which may favor the adsorp-
tion process or the adsorption process may decline with change
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Fig. 6 The thermogravimetric analysis (TGA) of the adsorbent.
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Fig. 7 FTIR analysis of RH adsorbent, (A) before adsorption (B) after adsorption.
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in pH of the medium. As function of pH,,., the cationic or
anionic species are adsorbed or repelled by the adsorbent
(Shoukat et al., 2017) (Fig. 2). The pH,, in case of RH and
PPY-RH were 7.2 and 4.8, respectively (Fig. 3). The pH influ-
ence was considered in 2—8 range and the optimum pH for RH
and PPY-RH were 4 and 2, respectively (Fig. 4). Also, previ-
ous studies revealed that the pH,,. has substantial impact on
the sequestration of adsorbate, i.e., 2-chlorophenol and 2, 4,
6-trichlorophenol removal was investigated using APS MCM
41 in a 1-12 pH range. The comparative uptake was signifi-
cantly affected by changing the solution pH. The removal effi-
ciency was higher in 7-11 pH range, which was reduced
significantly in the acid pH range (Anbia and Lashgari 2009).

The surface properties of the prepared was studied by SEM
analysis. As sorption is a surface dependent phenomenon,
hence, this study is helpful to observe the change in surface
morphology after adsorption. The surface of the adsorbents
found to be highly heterogeneous and in comparison, the com-
posite surface found to be rougher and have more pores, which
might be more helpful in accommodating the adsorbate ions of
the surface and intraparticle diffusion (Fig. 5). The adsorption
studies also revealed that the PPY-RH furnished higher
adsorption efficiency versus RH.
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Fig. 9  Brunauer-Emmett-Teller (BET) analysis of the PPY-RH
adsorbent.

The TGA was undertaken to estimate the stability of the
adsorbent. The TGA curve shows three different weight loss
regions, at 100 °C is due to dehydration of water molecule
adsorbed on the adsorbent surface (Fig. 6). The second weight

T
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Fig. 8 FTIR analysis of PPY-RH, (A) before adsorption (B) after adsorption.
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loss is due to degradation of cellulosic components in the
adsorbent, i.e., lignin and hemicellulose degradation in 350
OC range (Chong et al., 2019).

The reactive moieties in the adsorbent were identified by
FTIR analysis. The RH and PPY-RH FTIR spectra (in 650—
4000 cm™! range) and responses thus estimated are presented
in Figs. 7-8. The RH spectra showed a broader band at

09
0.8
0.7
06
05
04
0.3
0.2
0.1

GG,

3334 cm~! before adsorption, which confirmed the presence
of —~OH group. While, after adsorption, the RH biomass did
not show the band at 3334 cm™!, which designates the involve-
ment of -OH group in bonding with TCP. In PPY-RH spectra,
an absorption band for NH- group was observed, which were
vanished due the adsorption of TCP. The shifting of absorp-
tion band after adsorption of TCP indicated that the involve-

100 150

200 250 300 350

Time (min)

CIC,

100

150

200

250 300 350 400

Time (min)

Fig. 10

(A) Effect of bed height on the removal of TCP using RH and (B) Effect of bed height on the removal of TCP using PPY-RH

(particle size 300-500 pm; pH 2, flow rate 1.8 mL/min, TCP concentration, 50 ppm).

Table 2 Column conditions (bed heights, flow rate and inlet concentration) for the elimination of TCP using RH.

Bed height (cm) Flow rate (mL/min) TCP conc. (mg/L)

Breakthrough point (min) Adsorption capacity (mg/g)

2 1.8 50
3 1.8 50
4 1.8 50
4 3.6 50
4 5.4 50
4 1.8 60
4 1.8 70

90 5.7
140 6.6
185 6.9
85 6.3
50 5.65
160 7.2
145 7.6
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ment of the respective functional group in the binding of TCP.
BET and BJH techniques were used for surface area and sur-
face pore analysis. Through investigation, 24.8 m?/g surface
area and 23.21 um pore diameter was observed. The graph
between relative pressure and biosorption capacity confirmed

Type 111 material according to ITUPAC (Fig. 9).

C/Co

0.9 ®)

CdC,

100

100

150

150

3.3. Adsorption studies

3.3.1. Bed height influence

For this study, the adsorption analysis was conducted at 2, 3
and 4 cm a bed height by keeping other factors constant,
i.e., 1.8 mL/min and 50 ppm of flow rate and TCP inlet con-

200 250 300

Time (min)

200 250 300
Time (min)

350

350

Fig. 11  Effect of flow rate on the removal of TCP using RH and (B) Flow rate effect on the removal of TCP using PPY-RH (particle size

500-700 um; pH 6, bed height 4 cm, TCP concentration 50 ppm).

Table 3 Column conditions (bed heights, flow rate and inlet TCP concentration) for the removal of TCP using PPY-RH.

Bed height (cm) Flow rate (mL/min) TCP concentration (mg/L) Breakthrough point (min) Adsorption capacity (mg/g)
2 1.8 50 85 6.4

3 1.8 50 135 7.15

4 1.8 50 190 7.72

4 3.6 50 85 6.9

4 5.4 50 45 5.52

4 1.8 60 170 8.35

4 1.8 70 150 8.6
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centration and the adsorption responses thus observed are
depicted in Fig. 10. The breakthrough time (increased from
90 to 185 min for RH) was enhanced with bed height increase
from 2 to 4 cm, while 85 to 190 min for PPY-RH. This increase
in the breakthrough time indicated an excellent intraparticle
diffusion process, which enabled the higher removal capacity
for TCP. Table 2 shows that the efficient TCP removal was
achieved at a bed height of 4 cm, which was 6.9 and 7.72
(mg/g) for RH and PPY-RH, respectively. With bed height
increase, the number of adsorbent sites increases, which
enhance the removal capacity of the TCP (Noreen et al.,
2016). Similarly, the bed height impact on the adsorption of
adsorbate was explored and observations were in accordance
with the present investigation. The saturation and break-
through time value found to be stalwartly depended on the
bed height, which is due the reason that more binding sites
were available for binding the adsorbate ions at higher bed
height. The removal efficiencies for different adsorbate were
found to 85.53 to 93.05 (%) for the bed height in 5 to 15 cm
range (Charumathi and Das 2012).

3.3.2. Flow rate influence

The flow rate effect was studied in 1.8 to 5.4 mL/min while
other all factors were constant. By increasing the flow rate,
the resident time was decreased from 185 to 50 for RH, while
190 to 45 min for PPY-RH (Fig. 11). The earlier achievement
of breakthrough time might be due to less contact time
between pollutants and sorbent. It was also investigated that
biosorption capacity decreases from 6.9 to 5.65 mg/g for
RH, it might be due to the less resident time of TCP in the col-
umn (Noreen et al., 2016). Different column parameters are
listed in Tables 2 and 3. Noreen et al. (Noreen et al., 2016) also
reported similar observations, i.e., the effect of flow rate on the
adsorption using sugarcane bagasse and the removal capacity
was decreased from 20.2 to 13.5 mg/g by augmenting the flow
rate from 7.2 to 3.6 mL/min.

3.3.3. Inlet TCP concentration influence

The TCP inlet concentration is one of imperative factors that
may affect the adsorption potential of an adsorbent. The initial
TCP concentration effect was studied in from 50 to 70 mg/L

[
O
=
(O]
0 50 100 150 200 250 300 350
Time (min)
S
=
()
0 o T
0 50 100 150 200 250 300 350
Time (min)

Fig. 12

Eftect of TCP initial concentration on the removal of TCP using RH and (B) Effect of TCP initial concentration on the removal

of TCP using PPY-RH (particle size 300-500 um; pH 2; bed height 4 cm; flow rate 1.8 mL/min).
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range and other parameters were kept constant, i.e., bed height
and flow rate and responses are depicted in Fig. 12. By increas-
ing the TCP inlet concentration from 50 to 70 mg/L, the break-
through time was declined from 185 to 145 min for RH and in
case of PPY-RH, it was reduced from 190 to 150 mg/L (Tables
2 and 3). This rapid saturation reason may be the more binding
sites available at higher concentration of TCP (Noreen et al.,
2016). In accordance with this study, Afroze et al. (Afroze
et al., 2016) also investigated the initial concentration impact
in column mode study using eucalyptus bark as an adsorbent
and adsorption capacity was increased from 160 to 228 mg/g
as the inlet concentration of adsorbate was enhanced from
50 to 100 mg/L.

3.4. Kinetics analysis

Kinetics study was performed on the TCP adsorption data
onto the RH and PPY-RH using the Thomas model and
observations are presented in Figs. 13-15. The TCP adsorption
data was fitted well on the Thomas model. This model revealed
that, no axial dispersion happened in the column, which also
follows Langmuir isotherm. The Thomas model parameters,

Ln(C/Cra)

Ln(C./Ci.q)
N

i.e., rate constant (KTh), uptake capacity (q.) and correlation
coefficient (R?) were estimated regression technique. The rate
of solute transfer to the adsorbent from the liquid phase is
referred as rate constant (Thomas), while uptake capacity rep-
resents the efficiency of the adsorbent. By augmenting the flow
rate, the Thomas rate constant was also enhanced (Tables 4).

The BDST model is also commonly used for approximation
of adsorption processes (Bohart and Adams 1920). The analy-
sis was done to evaluate the adsorption behavior at various
bed heights using the optimum flow rate and inlet concentra-
tion of TCP and observations are depicted in Fig. 16. The
BDST parameters are presented in Tables 5. Value of regres-
sion coefficient for different cased (0.2, 0.4 and 0.6 C,/C, val-
ues) for both RH and PYY-RH composite are predicted,
which revealed the good validation of BDST model for TCP
removal using RH and PPY-RH. It was observed that N
value increased by increasing the bed height. The BDST model
plots were linear having high correlation coefficient, which
revealed the validity this model for TCP adsorption using
PYY-RH adsorbent and composite furnished excellent effi-
ciency for the removal of TCP in a continuous adsorption
mode.

Time (min)

Time (min)

Fig. 13 Thomas model representing the effect of bed height on TCP removal using (A) RH and (B) PPY-RH.
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3.5. Desorption and recovery study

For the application of adsorbents in repeated cycles, it is nec-
essary to recycle and regenerate the adsorbent. The adsorbent
with high adsorption potential and regeneration property
makes the adsorbent cost effective. Hence, the desorption of
TCP was performed for repeated cycles to recycling and regen-
eration of the prepared adsorbent and observation are pre-
sented in Fig. 17. The adsorption of TCP in acidic condition
suggests that by providing the basic conditions, the TCP can
be eluted to regenerate the adsorbent for next cycle, which
was performed using NaOH solution. The TCP was eluted
up to 16 % using 0.5 M NaOH, which revealed that the adsor-
bent can be recycled and regenerated repeated adsorption of
TCP.

Thomas model representing the effect of flow rate for TCP removal (A) RH and (B) PPY-RH.

4. Conclusions

The rich husk composite with polypyrrole was fabricated and utilized
for the TCP removal in a column mode and flow rate, bed height and
initial TCP inlet concentration impact was studied. The breakthrough
time was decreased by decreasing the bed depth and reversed for flow
rate and inlet concentration of TCP. At low bed height and initial TCP
concentration, the sequestration efficiency was declined at higher flow
rate. The Thomas and BDST models fitted well to the TCP experimen-
tal data. The composite showed promising stability, which is useful to
perform the adsorption of TCP at higher temperature. The rice husk
composite with PPY has potential for the sequestration of TCP, which
can be utilized for the adsorptive remediation of TCP. The process
variables have significant effect on the removal of TCP, which need
to be optimized for effective TCP removal from the effluents in a col-
umn mode.
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Ln(C./Cy.y)
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Fig. 15
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Thomas model representing the effect of initial TCP concentration (A) RH and (B) PPY-RH.

Table 4 Thomas model parameters for the removal of TCP using RH.

Inlet concentration (mg/L) Bed height (cm) Flow rate (mL/min) KTH (mL/min.mg) x 10° Jocal (Mg/g) R?
50 2 1.8 0.47 6.05 0.99
50 3 1.8 0.38 6.42 0.99
50 4 1.8 0.32 6.5 0.99
50 4 3.6 0.43 5.74 0.99
50 4 5.4 0.69 4.63 0.99
60 4 1.8 0.3 6.63 0.99
70 4 1.8 0.2 8.03 0.99
Thomas model for the removal of TCP using PPY-RH

50 2 1.8 0.392 10.11 0.99
50 3 1.8 0.324 10.35 0.99
50 4 1.8 0.236 10.48 0.98
50 4 3.6 0.36 8.94 0.99
50 4 5.4 0.452 8.82 0.99
60 4 1.8 0.226 10.46 0.99
70 4 1.8 0.197 10.33 0.98
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Fig. 16  The Bed Depth Service Time (BDST) model, (A) PPY-RH (B) RH.
Table 5 Bed Depth Service Time model parameters for the removal of TCP using RH.
C/Co a b K, (L/min mg) x 10* N, (mg/L) x 10™ R?
0.2 25 —15 —18.5 0.199 1
0.4 37.5 —40 —2.02 0.298 0.99
0.6 50 —60 1.34 0.398 1
Bed Depth Service Time parameters for the removal of TCP using PPY-RH
0.2 22.5 4.17 —16.16 0.437 0.996
0.4 42.5 14.17 5.7 0.338 0.998
0.6 5.0 5.0 66.7 0.179 1
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Fig. 17 Desorption of the TCP from the RH-PPY using different concentrations of eluting agent.
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