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Abstract

Activated carbon prepared from Palm kennel husk treated with Zinc chloride and steam was used to
treat textile effluent. Metal reduction from textile effluent was found to be decrease with increase in
temperature with maximal removal of Zn (98.9%), Cu (97.6%), Cr (93.3%) Cd (95.2%) and Pb
(97.6%). The adsorption mechanism is modelled by Langmuir and Freundlich isotherms. The
adsorption capacity of Langmuir and Freundlich decreased with temperature. The intensity of
adsorption (1/n) defined by Freundlich isotherm is greater than 1 in all the cases, which predicted
favourability of the processes. Various thermodynamic parameters, such as AGO, AHO, AS® and E,
have been calculated. The data showed that the adsorption process is spontaneous and exothermic in
nature and that lower solution temperatures favour ion removal by the activated carbon.
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INTRODUCTION

Textile industry consumes large quantities of water and produces large volumes of
wastewater from different steps in dyeing and finishing processes. Business and industry
play a crucial role in the socio-economic development of a country. However, industrial
development is the main cause of depletion of natural resources and degradation of the
environment (Abdullahi, 2004). Industries generate wastes, which can be damaging to
water, air, land resources and quality of life (Manahan, 1979). The issues of industrial
pollution and control are gaining importance in Nigeria today. Kano as the second most
industrialised city in Nigeria, is witnessing unprecedented levels of environmental
degradation. Contaminated air, soil and water from industries are associated with heavy
disease burden (WHO, 2002) and this could be part of the reasons for the current shorter life
expectancy in the country (WHO, 2003), when compared to the developed nations. Some

heavy metals contained in these effluents are known to be carcinogenic (Tamburlini et al,
2002).

Heavy metals have become major threat to plant, animal and human life due to their
bioaccumulation tendency and toxicity and therefore must be removed from municipal and
industrial effluent before discharge. Recent technologies are employed towards that there
are  controlling the concentration of these metals in aqueous discharges/effluents.
Conventional technique for heavy metals removal in water and wastewater include
electroplating, evaporation, oxidation, reduction, membrane separation, ion exchange and
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reverse osmosis (Gardea et al, 1998). However these processes are not economically feasible
for small scale industries prevalent in developing economies due to the huge capital
investment. It is therefore necessary to search for alternative adsorbent, which are cost
effective. Naturally occurring biodegradable products that have being identified as good
adsorbent properties and low cost value to the inhabitant.

Activated carbon is the most widely used material for removal of heavy metal (Gupta et al,
2006). Agricultural waste is one of the raw materials employed due to their abundance and
virtually obtained free for production of activated carbon (Kuniavan and Chain, 2006).
Activated carbon can be commonly produced from coal, wood or agricultural waste such as
coconut and palm shell, rice husk, sugar cane waste, groundnut husk, etc, activated by
physical or chemical process. Because of their special pore structure, they have super
adsorption capacity and are generally used in various industrial and domestic fields such as
wastewater treatment and solvent decolourisation (Yang, 2002). This research investigates
the use of activated carbon made from Palm Kennel Husk to treat textile effluent that has not
been treated at all.

MATERIALS AND METHODS

Preparation of activated carbon

Chars were prepared from palm kennel husk by carbonisation in Muffle furnace at 500°C for
one hour.

500g of carbonised chars were soaked in 1:1, 1M zinc chloride solution (ratio of mass of chars
to mass of zinc chloride solution) and placed in an autoclave and treated at 130°C for three
hours. The activated carbon was filtered, washed several times and dried in an oven at 100
OC for four hours and sieved with 100um mesh. This activated carbon was designated as
palm kennel husk activated carbon (PKHAC).

Equipment
Table 1 gives the list of the equipment used in the stud

Table 1 List of equipment used in the study

S/NO EQUIPMENT MODEL MANUFACTURER

1 Spectrophotometer Dr/2010 HACH, COLTD

2 COD digestion reactor 4560 HACH, COLTD

3 pH meter - HACH, COLTD

4 Conductivity meter Co 150 HACH, COLTD

5 Atomic absorption ALPHA 4 ELE International
spectrophotometer

6 Dissolved oxygen meter 9071 Jenway

7 Water sampler 1520 C20 Wildoc

8 Electronic balance WA 210 Adam equip

9 Digital titrator - HACH CO LTD

10 Incubator Ov 160 c Gen lab

11 Desiccators - -

12 Heating mantle 101023 Electro-thermal

13 Water de-ioniser B 114 Elegacan

14 Water de-ioniser cartridge Cl14 Elegacan

15 Muffle furnace Cwf 115 Aston

16 Hotbox oven Size 1 Gallen kamp

17 Hot plate BH1 Stuart scientific

18 Magnetic stirrer SM1 Stuart scientific

19 Water distiller WSS 18 Hamilton laboratory

20 Shaker 2010

S. M. Yakasai, S. I. Sadiq, S. Nasir, DUJOPAS 7 (2a): 52-61, 2021

53



Adsorption Thermodynamic Treatment of Textile Effluent using Activated Carbon made from Palm
Kennel Husk

Wastewater treatment

Effluent Sampling

Effluents from Angel Spinning and Dyeing Sharada industrial Estate Kano was collected as
a composite sample at the discharge point at 30 minutes interval over a period of eight
hours. At each times of effluent collection, two separate sets of samples were collected, one
for determination of heavy metals and the second for determination of other
physicochemical parameters. Each sample was stored in a clean polyethylene/glass bottle
that had been pre-washed with nitric acid and thoroughly rinsed with deionised water.

Spectrophotometric analysis

Spectrophotometer manufactured by HACH Company Colorado, US model DR/2010 was
used to estimate the quantities of zinc, chromium, cadmium, copper and lead in the
untreated effluent. Into four conical flasks, 0.5g of activated carbon of palm kennel husk
activated carbon (PKHAC) was placed. 10ml 0f effluent was subsequently poured into the
conical flasks and heat treated at 40, 45, 50, 550C for three hours. The mixtures were filtered
and analysed with HACH Spectrophotometer.

Adsorption Isotherm study

An accurately weighed of 0.5g of PKHAC was placed into 5 sets of conical flasks. A volume
of 10ml of effluent diluted with deionised water (v/v) was placed into the conical flasks. A
set of each series was placed in water bath (whose temperature was controlled by
thermostat) and heat treated for four hours. With the conical flasks shaken at intervals. The
treatment temperatures were 40, 45, 50, 55°C. The mixtures were then filtered. The resultant
solutions were scanned with UV Visible Spectrophotometer set at wavelength of 540nm.

RESULTS AND DISCUSSION

Textile Effluent Treatment.

Table 1 shows the levels of colour, Chemical Oxygen Demand (COD) and heavy metals in
textile effluents before and after treatment with Palm kennel husk activated carbon.

Textile effluents were treated with various dosages of activated carbon.

It was observed that 2g / 250ml gives the highest reduction of colour, COD and heavy
metals when compared with raw effluent.

Table 2- Levels of colour, COD and heavy metal before and
after treatment with activated carbon

Parameter Raw 1g/250ml 1.5 g/250 ml 2 g/250 ml
Colour (visual)  Dark blue Light yellow Pale yellow Colourless
COD 2320 458 189 25

Zn 10.5 2.1 1.2 0.25

Cu 4.2 0.5 0.5 0.1

Cr 0.15 0.03 0.02 0.01

Cd 0.042 0.02 0.01 0.002

Pd 0.42 0.03 0.02 0.01
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Table 3 Percentage reductions of the parameters after dosing with Palm kennel husk
activated carbon.

Parameter 1 g/250ml 1.5 g/ 250ml 2.0g / 250ml
COD 80.3 91.9 98.9
Zn 80.0 88.6 97.6
Cu 50 88.1 97.6
Cr 80 86.7 93.3
Cd 55 76.2 95.2
Pb 92.9 95.2 97.6

Table 2 gives the percentage reductions of the parameters after dosing with Palm kennel
husk activated carbon.
2.0 g / 250ml gives highest removal of 98.9% COD removal and 97% heavy metals removal

Metal Reduction.
Table 4 Percentage reduction of heavy metals after treatment with PKHAC at 40°C.
Parameter/ Zn Cu Cr Cd Pb
Activated
carbon
PKHAC 89 95 95 95 97

Tables 4 showed the metal reduction.
Palm kennel husk activated carbon removed Zn (89%); Cu (95%); Cr (95%); Cd (95%) and Pb
(97%).

Adsorption Isotherms.
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Figure 1 Plot of In (1- @) against reciprocal temperature for PKHAC

From the analysis of the adsorption isotherm data obtained, three models were used to fit
the experimental data: Nernst, Freundlich and Langmuir models. But only only Freundlich
and Langmuir models were found applicable as evident in Figure 1 which gave a straight
line when respective models were tested according to equations 4 and 5 for Freundlich and
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Langmuir models. It was observed that linearised Nernst equation 1 predicted a negative
value for adsorption isotherm constants.
11 1 1
qe KCe S m S
e is the concentration of the adsorbate in the adsorbent.

C. is the concentration of the adsorbate in the solution.
K is the energy of adsorption.
Sm is the adsorption capacity or adsorption limit.
Apo= - RTInk; 2
Ris the gas constant and T is the absolute temperature.

Freundlich isotherm is defined by equation 3 (Liang et al 20061)

m

1
Qe = KfCeH 3
Or
Logqg, = LogK +1 LogC, 4
n

Where k; is defined as adsorption capacity and 1/n is the intensity of adsorption. The
constants 1/n and k¢ can be determined from the slope and intercept respectively. The
Freundlich constant n indicates the degree of favourability and should lie in the range of 1 to
10 to be classified as favourable adsorption (Rao and Bhole, 2001; Raji and Anirudhan, 1997).
The smaller the 1/n the stronger is the bond between the adsorbate and adsorbent. A high
value of k¢ indicates a high rate of adsorbate removal (Ramu and Srivathsan, 1992).

The Langmuir equation ( Srivastava et al 1989) is given by equation 5 below.

C C

Co 1 K, +— 5

d. ., max g, max
Thermal parameters such as enthalpy change (AH¢), and entropy change (AS°), may be
determined using the relationships:

Ln K, = ASo/R - AH,/RT 6

The surface coverage for studying the sticking probability was calculated from the relation
C
0=01-==) 7
Ge
Where C, and Ce. are the initial and equilibrium ions concentration respectively.

Table 5 Adsorption isotherm constants for textile effluent at different temperatures.

Activated Langmuir isotherm constants Freundlich Isotherm constants

Carbons Ki R2 K¢ 1/n R2
Temp

PKHAC(40°C) 5.240 1 2.020 1.005 1.000
PKHAC(45°C) 5.340 1 2.010 1.000 1.000
PKHAC(500C) 5.300 1 2.000 1.000 1.000
PKHAC(55°C) 5.340 1 2.000 1.106 1.000

Table 5 shows the adsorption isotherm constants for Langmuir and Freundlich isotherms.

Ki is the adsorption capacity for Langmuir. K is defined as the adsorption capacity for
Freundlich. 1/n is the intensity of adsorption. R2 is the coefficient of determination which
indicates how well a given curve fits a straight line equation.
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Adsorption Capacity

Adsorption capacity was determined from the intercept on y axis.

Palm kennel husk activated carbon treated effluent had k¢ values of 2.020, 2.010, 2.000 and
2.000 for 40°C, 45°C, 50°C and 55°C respectively.

Intensity of Adsorption (1/n)
All the treated effluents with palm Kennel husk, activated carbons had their values of 1/n
greater than one.

Langmuir Isotherm Constant.

Langmuir isotherm constant are shown in Table 5. The values of K; decreases with increase
in temperature as shown in Table 5 above. The high K; values at lower temperatures indicate
that most adsorption occurred at these temperatures.

Thermodynamic Treatment of Adsorption Parameters
The Gibbs free energy is the driving force and the fundamental criterion of spontaneity.
Reactions occur spontaneously at a given temperature if AGO is negative quantity. The free
energy of adsorption reaction, considering the adsorption equilibrium constant, Ko is given
by the following equation:

AGo = AHe - TASe 8
The values of AH© and AS© were obtained from the slope and intercept of plots of Ink Vs
1/T .The values of E, and S* (sticking probability) were also obtained from the slop and
intercept of plots of In (1 - @) Vs 1/T.

Table 6 Thermodynamic parameters for adsorption of textile effluent using different
activated carbons.

Activated AGO AHO(J/ gmol ASO E.(KJ/gmol) S*
carbons (KJ/gmol) (J/ gmol)

PKHAC -519.64 -104.51 1.9941 -4.92 0.007
Metal Reduction

Various adsorbents such as silica gel, alumina clay, synthetic polymer resins and
carbonaceous materials were used in adsorption method (Gupta et al, 2006). Textile effluents
treated with rice husk activated carbon removed heavy metals to a greater extent compared
to textile effluent treated with sugar cane bagasse activated carbon. There was no much
significant difference between textile effluents treated with groundnut husk activated carbon
when compared with textile effluent treated with palm kernel husk activated carbon in
terms of metal reduction, as shown in Table 6. Owen (1978) reported that adsorption using
granular activated carbon has a practical and economical application for removal of colour
from textile effluents. Shawabkeh et al (2001) reported that activated carbon was tested for
adsorption of methylene blue, copper, chromium, and cadmium from textile effluents.
Nimrat et al (2004) reported the reduction of COD of 1M malachite green by 52 % when
commercial activated carbon was used.

Langmuir Isotherm Constants.

According to the adsorption theory adsorption decreases with increase in temperature and
molecules absorbed earlier on a surface tend to desorb from the surface at elevated
temperatures. Aku and Kutsal (1991) reported a slight increase in cation uptake by seaweed
in the range of 40° to 55°C.

S. M. Yakasai, S. I. Sadiq, S. Nasir, DUJOPAS 7 (2a): 52-61, 2021 57



Adsorption Thermodynamic Treatment of Textile Effluent using Activated Carbon made from Palm
Kennel Husk

Coefficient of Determination.

The Coefficient of determination (R) values between 0 to 1 indicates favourable adsorption
(Rao and Bhole, 2001; Raji and Anirudhan, 1997). The R values of all the treated textile
effluent with different activated carbons were found to be less than one indicating that the
treatment was favourable. The values of coefficient of determination of both Freundlich and
Langmuir close to linear are suitable for describing adsorption of all the activated carbons.
Hence the adsorption of PKHAC seem to be favourable.

Adsorption Capacity (kg)

It was observed from Table 4 that the textile effluent treated with palm kennel husk
activated carbon recorded the high adsorption capacity for Freundlich isotherm activated
carbon. It was also observed that adsorption capacity decreased with increase in
temperature. Malik (2003) reported adsorption capacity of 41.7 and 2.1 for Saw dust and Rice
husk activated carbons respectively. Chu and Chen (2004) reported values ranging from 30
to 60. Babu and Ramakrishna (2007), who statistically analysed the quoted k¢ values of over
100 adsorbents, noted that the reported values ranged from 3x10- to 727. Yakubu (2008)
reported K value of 9.591 for textile effluent treated with activated carbon made from date
seeds. Tangjank (2009) reported k;values of 0.859, 0.289 for lead and cadmium adsorption
using activated carbon prepared from cashew nut shell.

Intensity of Adsorption (1/n)

As 1/n indicates favourability of adsorption, the higher it is the more favourable. Although
more favourable adsorption is achieved when 1/n is more than 0.9, lower values have been
reported (Namasivayam et al, 1994). 1/n should lie in the range of 1 to 10 to be classified as
favourable adsorbate (Rao and Bhole, 2001; Raji and Anirudhan, 1997). The smaller 1/n the
stronger the bond the adsorbate and adsorbent.

Thermodynamic Treatment of Adsorption Parameters

The thermodynamic treatment of the adsorption data indicated that AGO values were
negative for all the activated carbons investigated (Table 5).

The negative values of AHO further confirm the exothermic nature of the adsorption process.
The positive values of AS© (Table 5) show that the freedom of ions is not restricted in the
activated carbon confirming a physical adsorption, which further confirmed the relatively
low values of AGO. Horsfall (2005) reported thermodynamics adsorption parameters, such as
AGO, AHO and ASC values as -8.07, -9.54 and 16.06 kj/gmol respectively for adsorption of
lead by wild coconut biomass.

The sticking probability, S* is a function of adsorbate/adsorbent system wunder
consideration but must lie in the range 0< S*<1 and is dependent on the temperature of the
system. The parameter S* indicates the measure of the potential of an adsorbate remain on
the adsorbent indefinitely. It can be expressed as in Table 5.

The plot of In (1- @) against 1/T gave linear plot with intercept as S* and slop as E. .

The apparent activation energy (E.) and sticking probability (5*) are estimated from the plot
with good reasonable fit for the ions on the activated carbons (R2 >0.9). The E. calculated
from the slope of the plot was found to be -4.92K]Jg/mol for PHAC. The negative values of
E. indicate that lower solution temperature favours ions removal by adsorption onto the
activated carbon and the adsorption process is exothermic in nature. Relatively low values
of E, suggest that adsorption of ions is a diffusion controlled process. The results are shown
in Table 5 and indicate that the probability of ions sticking to activated carbon surface is
very high as S* < < 1. These values confirmed that, the adsorption process is physisorption.
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Re-use of Treated Textile Effluent
Conventional technique for heavy metals removal from water and waste water include
electroplating, evaporation, oxidation, reduction, membrane separation, ion exchange and

adsorption. Among these methods, adsorption is the worthy economical and effective (Park,
2007).

The use of agricultural waste in treating textile effluent may eventually encourage
cultivation of plants like palm kennel, rice, etc and enhance the economies of local farmers
and generate employment. The production of activated carbons from agricultural waste is
commercially viable.

Treated wastewater is now being considered as a new scarce of water that can be used for
different purposes such as agricultural and aquaculture production, industrial uses,
recreational purposes and artificial recharge. Using treated wastewater for agricultural
production will help in alleviating food shortages and reduce the gap between supply and
demand.

The treated wastewater may be recycled for washing machineries in the factory, watering of
flowers, flushing of toilets, etc. The treated effluents conform to the specifications of Federal
Ministry of Environment’s limit for discharge into surface water. Consequently it can safely
be discharged into the Rivers and used for irrigation.

Conclusion

The study showed that activated carbon made from palm kennel husk treated with zinc
chloride and steam, sieved with 10um particle size can be used to treat the textile effluents
with about 90% reduction of colour, COD and heavy metals of the effluents. The adsorption
mechanism is modelled by Langmuir and Freundlich isotherms. The adsorption capacity of
Langmuir and Freundlich decreased with temperature. The intensity of adsorption (1/n)
defined by and Freundlich isotherm is greater than 1 in all the cases, which predicted
favourability of the processes.

Various thermodynamic parameters, such as AGO, AHO, AS® and E. have been calculated.
The data showed that adsorption process is spontaneous and exothermic in nature and that
lower solution temperatures favour ions removal by the activated carbons.
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