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Abstract. Hexavalent chromium pollutants in water are the most challenging of human health
according to current situations. From many treatment methods, the adsorption method is the best
alternatives for hexavalent chromium removal from wastewater. Activated carbon and biosorption
are the basic adsorbents in the adsorption process. In these review and model optimization there
where many articles reviewed under activated carbons and biosorption without carbonizing. The
basic factors for the two adsorbents are adsorbent dose, pH value, and contact time at around room
temperature. Maximum removal efficiency allocated at the acidic condition, these show the —OH
releasing state is at the acidic condition. According to articles reviewed, the efficiency of bio-
sorbent was greater than activated carbon. There were similarity adsorption efficiency of activated
carbon and biosorption. As reviewed activated carbon and biosorption preparation, activated
carbon preparation was more energy consumption than biosorption preparations. The model
optimization also summarised and optimum condition of maximum removal efficiency where
specified.
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1. Introduction

In the world, water is the major importance for life (drinking, washing, recreation,
irrigation, power generation,) and without water life is impossible. This life needs high
standard quality of water, that concerned by WHO. Water pollution is any substance that
presents in the water out of standard ranges [18]. Heavy metals like Cr, Zn, As, Pb, Cd, Cu
and etc., In less concentration causes high risk on human health [25]. Chromium and
Arsenic are highly carcinogenic and can cause cancer of lungs [23], liver, bladder, and skin
at lower levels of arsenic exposure can cause nausea and vomiting [24], reduced
production of erythrocytes and leukocytes, abnormal heartbeat, pricking sensation in
hands and legs, and damage to blood vessels [3]. Long-term exposure can lead to the
formation of skin lesions, internal cancers, neurological problems, pulmonary disease,
peripheral vascular disease, hypertension and cardiovascular disease, and diabetes
mellitus. Industrial waste constitutes the major source of various kinds of heavy metal
pollution in water [29]. The important toxic metals like Ar, Cr, Cd, Cu, Zn, Ni, and Pb
finds its way to the water bodies through wastewaters. Heavy metals are major pollutants
in marines like the ground water, surface water, spring water, and river water [16]. The
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natural heavy metal occurs on earth crust rocks, entering into groundwater bodies through
percolation by different causes like climate change, precipitation, and agricultural
activities [5]. The other ways that toxic heavy metal enters the water bodies though
wastewater releases from industries like leather factories, electroplating factories, mining
factories and painting industries to surface water [35].

The removal of these heavy metals from water is not simple treatments, it needs
nanotechnology treatment like reverse osmoses, electro dialysis, membrane filtrations, etc.
these treatment units are small in treatment capacity and economical cost. Therefore, many
scientists and researchers are articulates the ways of these heavy metal removals from
water in simple and low cost using locally available materials. Low cost locally available
and simple treatment method is adsorption techniques [10]. The treatments methods of
adsorption are by biomass activate carbon and bio-sorbents, which are low cost, simple,
and locally available.

Varies articles on toxic metal adsorptions are based on isothermal model equations,
such as Langmuir, Freundlich, and Temkin, such model regression equations focus only on
the best fits [19]. The studies targets to review efficiency competences of biomass
activated carbons and bio-sorbents with variable effects, modelling of optimization
equations. Evaluation of variables (dose, contact time, and pH) on the hexavalent
chromium removal efficiency of different activated carbon and various bio sorption from
wastewater. Determining the optimum parameter for maximum hexavalent chromium
removal capacity of activated carbon and biosorption using solver excel software and
identifying the highest factor variables on adsorption capacity.

2. Adsorption

Adsorption is the process of molecules transfer from liquid to the solid surface of the
adsorbent [13]. In the water treatment, adsorption is the process of pollutant transported
from a liquid phase to the solid surface by chemical bond energy [31]. Adsorption takes
place in between adsorbent and absorber. The adsorbent is a substance that present in water
or wastewater in the form of ion pollutant moves to the absorber and attached to the active
site of the absorber [31].

The phenomenon of adsorptions is diffusion, the surface chemical reaction using
ion-exchange, and surface complex [12]. The diffusion processes are described in terms of
pore diffusion, surface diffusion, or combination of surface and Pore diffusions model
mechanism [15]. Frequently, an external boundary layer film resistance is incorporated
into these models. In the current water and wastewater treatment, adsorption is novel water
treatment technology with low cost and locally available material. Large porous
adsorbents and good selectivity such as activated carbon have shown excellent ability in
the pollutant removal [33].

2.1 Activated carbon

The activated carbon (AC) is a type of amorphous carbonaceous materials which contain
the highest porosity and high internal surface area [26]. AC can produce from biomass
materials and until recently, any high content Carbon material by the carbonizing process
that makes the same structural changes in the heating process [2]. Activated carbons are
commonly used as adsorbents for water treatments. AC production process is high energy
consumption during the carbonizing process and may it not be low-cost adsorbents relative
to bio sorbents [9]. In the other ways regenerating activated Carbon is difficult because
during the regeneration the porosity and its high surface area may damage and distract [4].

Recently, adsorption onto activated carbon prepared from a wide range of low-cost
biomass precursors has been reported. All these studies have found that the produced
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carbons have comparable and higher adsorption capacities than commercially available
varieties [11].

2.2 Bio adsorbent

All the carbon-rich biomass can be bio sorbent after taking physical and structural
treatment [8]. Biomass with high carbon contents like lignin, hemicellulose, and cellulose
has a high adsorption capacity for hexavalent chromium [34].

Also, the technology application of adsorption has developed by using biomass from
micro-organisms plant known as Bio-removal [14]. The advantages of using biomass as a
bio-removal are require low costs, high efficiency, regenerated, no additional nutrients
needed, have an ability to recover metals and produce low result of sludge [17]. From the
benefits mentioned, Bio-removal is more effective than ion exchange and reverse osmosis
for the sensitivity of the presence of dissolved solids and heavy metals in water treatment
[27]. Bio-sorbent also better than precipitation when associated with the ability to simulate
any changes in pH and concentration of heavy metals [1]. Low pH industrial wastewater
estimated acidic, a basic universal as multiple manufacturers. Increasingly strict
environmental management challenge pH, with different contaminants, measured to a
specific level before being removed into natural water bodies or the city sewer system [28].

Bio-Sorbents is adsorbents that produced from high Carbone content of organic
materials. The process of bio sorbent preparation is the physical treatment of organic
carbons and initiating active site of the carboxylic group for bonding with pollutant heavy
metal [30]. In the Table 1 all are activated biomass by only physical treatment: n-hexane
washing, sodium hydroxide solution, washing by distilled water and etc. are used for
physical treatment of biomass for hexavalent chromium removal [22]. The factor that
determines the adsorption capacity of adsorbents are: adsorbent dose, contact time, pH,
temperature, and the stability of adsorbent material in aqueous. The Figure 1 shows active
sites of activating biomass on adsorption of hexavalent Chromium ions without any
instability of adsorbent in aqueous solutions. The ability of adsorbent stability used for the
regenerating the active site [32]. If the adsorbent does not stable, it is difficult to
regenerate. The simple physical treatment of biomass for adsorbent not denatures the
natural molecular structure but initiating the functional group adsorption by pH
adjustments. Therefore, is not difficult to regenerate adsorbent. The preparation of
bio-sorbents is mechanical size reduction, then washing with reagents.

Some examples of bio sorbents articulate in the recent time: avocado seed, moringa
seed, agricultural waste composite, and rice straw, avocado seed.

All carbon-rich biomass used as adsorption for heavy toxic metals from the wastewater.
Hexavalent chromium is one of the toxic heavy metal releases from industries and natural
occurrences. Figure 2 shows how bio-sorbents prepared and remove chromium from
water.

Many research articles that determine the efficiency capacity of bio-sorbent on
hexavalent chromium removal were done in a different time, by different researchers,
Table 1. The basic factor affects the removal efficiency where adsorbent dose, pH and
contact time retaining temperature around atmospheric room temperature.

The major advantages of biosorption technology are its effectiveness in reducing the
concentration of heavy metal ions to very low levels and the use of inexpensive bio sorbent
materials. The major advantages of biosorption over conventional treatment methods
include: low cost, high efficiency, minimization of chemical and/or biological sludge
regeneration of bio sorbent, no additional nutrient requirement, and the possibility of metal
recovery.
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2.3 Activated carbon

As its name activated carbon is active substances to adsorbed positive ion metal due to hole
and -OH group formed during thermal heating, molecular structure expanded. Activated
carbon also produces from high carbon-rich biomass, basically from green plants.
Activated carbon production needs thermal energy or high concentrated acid, and it is a
simple process to produce. Activated carbon is chromium adsorbent, that produced in
thermal heat up to 600 for at least 3hrs and a chemical is activating by concentrated acid
(sulphuric acid). Activated carbons have advantages and disadvantages in terms of cost,
production, adsorption, and area of application.
Activated carbons are:

High adsorption capacity: large pore surface area was produced during the
activation process, the metal ion attached on pore area up to saturated or
equilibrium reached.

Produced from locally available materials: can produce from any carbon-rich
biomass

Simple production process: pre-treatment (cutting, washing, size reduction),
carbonizing by heat or chemical.

In other way activated carbons:

High production cost: in the production, carbonizing need high heat supply (600°C
for 3hrs). energy is indirect costs. Or high concentrated acid is cost relative to its
application

Stability: same time activated carbon treated water becomes the black colour that
shows the instability of activated carbon in water. And these instabilities of
activated carbon prevent regenerations

Wastes of activated carbon cannot simply degrade cause environmental problems
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Figure 1. Chromium adsorbed to the bio sorbent.
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Figure 2. Simple process production of bio-sorbents [21].

Table 1. Review summary of bio-adsorption capacity with the same method and different factor

parameter.
Name of Adsorption Adsorbent dose, pH, time, xjammqm
sorption Year
adsorbent Method temp .
capacity
groﬁgﬁ”“t Batch | 40mg/L, pH 2, 200 min, 30°C 96% | November 2016
tea waste Batch 6g/L, 3.9pH, 240 min, 96.7%, 2019
Gr‘;‘rj‘gﬂ““t Batch 2g/L, 10pH, 120 min, 87.6% 15 May 2019
Wheat Straw | Batch | 10g/L, pH 1, 50min, 34.85°C |  99.9% Decgg‘lt%er 2
Rice straw Batch 80g/L, pH 6, 50 min, 25°C 91 % Sep 2015
Mg;g(‘jga Batch | 50mg/L, pH 2, 60 min, 20£2°C | 99.74 %. May 2013
Moringa . o 0 September
Seed Batch 10mg /L, pH 5.0, 90 min, 25°C 80% 2014.
Mango Seed Batch 2.5¢/L, pH 2, 150 min, 35 °C 100% December 2016

The negative ion on the surface of activated carbon attracts the positive ion of
hexavalent chromium up to saturation condition happen shows Figure 3.

The above Table 2 shows the summary of some articles of biomass activated carbon
removal efficiency on hexavalent chromium removal. In the summary of Table 1 shows
biomass sorption capacity on hexavalent chromium ion was 94% average from nine article
summary and 92.6% average removal efficiency from biomass activated carbon activated
in six summaries of articles in Table 2. From this summary, it concludes that the removal
efficiency of bio-sorbent is greater than the biomass activated carbon. The preparation of
biomass activated carbon also more energy consumption than that of preparing
bio-sorbent. In this summary review, bio-sorbent are the best alternatives to remove the
hexavalent chromium from wastewater, to fit the WHO standard concentration of
wastewater to release at the disposal site. Because biosorption is a low cost, locally
available, simple methods, environmental friendly. Finding low-cost high profit and by a
simple process, solving community problems is an engineering science discipline.
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Table 2. Review summary of activated carbon adsorption capacity with the same method and
different factor parameter.

Name of Adsorption | Adsorbent dose, pH, time, Maxmgm
adsorption Year
adsorbent method temp :
capacity
Waste 0.1g/L, 2pH, 20 min, o
Bamboo Batch 26.85°C 98.28% February 2014
20.22¢g/L, 1.92pH, 0
Teff husk Batch 124.2min, 25°C 95.597% December 2019
Parthenium .
hysterophorus Batch N g/L, ggt'C 90 min, 90.5% April 2020
weed
Cucumis Batch 250mg/L, pH 3.0, 180min 97.95% February 2018
melo peel
Algae Batch 10g/L, gg{,(l: 60 min, 85% January 2011
Granular
: 12mg/L, pH 7, 22.7 h, 0 November
activated Batch 20°C 88.3% 2014
carbon
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Figure 3. Hexavalent chromium adsorbed on the pore and surface of activated carbon.

3. Hexavalent chromium removal efficiency modelling of biosorption and biomass
activated carbon

The modelling hexavalent chromium pollutant removal efficiency of bio sorption and
biomass activated carbon varies from original materials produced.

Table 3. Indexed variable optimization for both activated carbon and bio sorption.

Optimization parameter Variable substitution unit Remark
Dose X1 g/L
Contact time X, minute
pH X3
Removal efficiency Y, % Constant time & pH
Removal efficiency Y, % Constant dose & pH
Removal efficiency Y3 % Constant dose & time
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4. Modelling of bio-sorption efficiency on hexavalent chromium ion removal

4.1 Modified groundnut hull adsorption capacity

The research was done by Samson O. Owalude (2016) on the hexavalent chromium
adsorption capacity of modified and unmodified groundnut hull. But in these-modelling
equations and optimizations, it is only focused on the modified groundnut hull. The data
were generated from the research article and these modelling equations shows the
optimum value of variables for maximum yield of adsorption.
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Figure 4. Three-factor variable on adsorptions (Al and A2 Adsorbent dose from experiment
and model respectively, B1 and B2 are contact time from experiment and model respectively,
C1 and C2 are pH from experiment and model respectively) on hexavalent chromium removal
efficiency modified groundnut hull.
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Y; = —0.0392X? + 2.8493X, + 48.992, at X, and X5 are values of 200 min and 2 pH
respectively.

Y, = —0.0009X% + 0.3823X, + 44, at X, and X5 are optimum values of 40mg/L and 2
pH respectively.

Y; = —0.125X% — 1.65X; + 101.5, at X; and X, are optimum values of 40mg/L and
200 min respectively.

—0.0392X2 + 2.8493X, + 48.992 = 98 1)
—0.0009X2 + 0.3823X, + 44 = 98 )
—0.125X2 — 1.65X; + 101.5 = 98 ©)

Where 98, is the maximum removal efficiency of groundnut hull in percent.
The first equation is generated based on adsorbent dose change, at maximum time and pH,
equation 2 generates by varying contact time at dose and pH at maximum values and the
last equation 3 based on Ph varying and at maximum dose and contact time.

Table 4. Summary and variable optimization of hexavalent chromium removal by modified
groundnut hull.

\_/ariables_ High order | Low order Maximum removal
(Gptimum point) coefficients | coefficients Intercepts efficiency% (Y;)
Variables | Opt. value
X, 31.94393 -0.0392 2.8493 48.992 100
X, 200 -0.0009 0.3823 44 84.46
X5 0.853858 -125 -1.65 101.5 100

According to these regression model equations the maximum removal efficiency of
Groundnut hull is 100%, at 31.94393mg/L and at 0.853858 pH. and 84.46% at 200min
contact time in Table 4. This table shows that the variables of adsorbent dose and pH
values are highly affects of Groundnut hull removal capacity in the model equations.
Groundnut hull biomass have high hexavalent chromium removal efficiency characters at
acidic condition.

4.2 Tea waste adsorption capacity

Research done by Mohit Nigama, Sunil Rajoriyab 2019, tea wastes maximum adsorption
capacity on hexavalent chromium ion was 96.7%. In these model equations and
optimizations, the maximum removal efficiency depends on the model regression
equations.

According to tea waste adsorption analysed from the Figure 5 shows no limitation for
contact time, as contact time increase adsorption efficiency also increase. For dose and pH
there were limited optimum values. Depending on regression equation below optimum
values of all factors were specified with a given ranges in Table 5. From the Figure 5 and
experimental data there was equation generates below:

Y; = —1.2083X? + 19.631X, + 17.95, at X, and X5 are optimum values of 240 min
and 3.9pH.

Y, = —0.0008X% + 0.4659X, + 30.821, at X, and X5 are optimum values of 6g/L and
3.9pH.

Y; = —1.0179XZ + 5.3643X; + 86, at X; and X, are optimum values of 6g/L and
240min.
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—1.2083X% + 19.631X; + 17.95 = 97
—0.0008X7 + 0.4659X, + 30.821 = 97

—1.0179X2 + 5.3643X; + 86 = 97

(4)
()
(6)

The model equations of 4, 5 and 6 with dose, contact time and pH respectively which
equating with highest experimental result of 97% of removal efficiency.
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Figure 5. Three-factor variable on adsorption (Aland A2 Adsorbent dose from experiment and
model respectively, B1 and B2 are contact time from experiment and model respectively, C1
and C2 are pH from experiment and model respectively) on hexavalent chromium removal
efficiency of tea wastes.



10

D. Abdissa et al./IJM?C, 11 -03 (2021) 1-19.

Table 5. summary and variable optimization of hexavalent chromium removal by Tea wastes.

\_/ariables_ High order | Low order Maximum removal
(Optimum points) coefficients | coefficients Intercepts efficiency (Y;)
Variables | Opt. value
X, 6 -1.2083 19.631 17.95 92.2272
X, 240 -0.0008 0.4659 30.821 96.557
X 2.634984 -1.0179 5.3643 86 93.0742

In these regression model equations, the contact time were the most factors that influences
the removal efficiency of tea wastes. The pH was the next factor removal efficiency and
adsorbent dose was the last for removal factors. Tea waste bio adsorbent has high removal
capacity at acidic condition and high dose shown in Table 5.

4.3 Groundnut shell adsorption capacities

Groundnut shells are carbonaceous, fibrous solid agricultural waste that encounters
disposal problem but potentially suitable for making low-cost adsorbent for adsorption of
heavy metals from water and wastewaters due to its high carbon content.

The present research was conducted to utilize groundnut shell as efficient alternative
adsorbent materials to remove chromium (VI) from aqueous solution using three
two-parameter isotherm models.

The influence of operating conditions such as contact time, pH, adsorbent dose and initial
metal concentrations.

In 2019 Jonas Bayuo articulates the adsorption capacity of groundnut shell for
hexavalent chromium and according to experimental results 87.6% removal efficiency by
changing the factors adsorbent dose, contact time, and pH values. In Figure 6 shows
experimental result and regression model results.

Y, = —9.0286X% + 38.72X; + 40.24, at X, and X5 are optimum values of 120 min
and 10pH.

Y, = —0.001X7 + 0.3385X, + 55.636, at X; and X5 are optimum values of 2m/L and
10pH.

Y; = 0.1205X2 + 4.7982X; + 2.1, at X; and X, are optimum values of 2m/L and
120min.

—9.0286X2 + 38.72X, + 40.24 = 87.6 @
—0.001XZ + 0.3385X, + 55.636 = 87.6 ®)
0.1205X2 + 4.7982X, + 2.1 = 87.6 9)

According to experimental results equation 7, 8 and 9 were on changes of dose, contact
time and pH respectively generated by regression equations model.

In these regression equations model, optimum values were determined for the resulting
maximum value of removal efficiency. In this case, Table 6 shows 2g/L, 120min and 10,
dose contact time and pH respectively result from 81.5656, 81.856, and 62.132% of
removal efficiency. The Groundnut shell removal efficiency characterized that, contact
time was the highly effective factor and adsorbent dose the next effective factor that affects
the removal capacity. And also, the Groundnut shell was high effective removal capacity
in basic conditions.
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Figure 6. Three-factor variable on adsorptions (Aland A2 Adsorbent dose from experiment and
model respectively, B1 and B2 are contact time from experiment and model respectively, C1
and C2 are pH from experiment and model respectively) on hexavalent chromium removal

efficiency of groundnut shell.

Table 6. Summary and variable optimization of hexavalent chromium removal by Groundnut

shell.

Variables . .

. . High order Low order Maximum removal
(Optimum points) coegfficients coefficients Intercepts efficiency

Variables | Opt. value

X, 2 -9.0286 38.72 40.24 81.5656
X, 120 -0.001 0.3385 55.636 81.856
X3 10 0.1205 4,7982 2.1 62.132
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The method of this optimization model was generating model equation, using excel
software and maximizing the removal capacity by optimizing the factor variable using
solvers. The solver software is the powerful to solve any linear and nonlinear equations.
The result from this model equations were greater than that of each experimental works.
Almost all the recent article are used Freundlich and Langmuir equations method for
optimization.

5. Modelling of adsorption efficiency of biomass activated carbon on hexavalent
chromium ion removal

5.1 Adsorption capacity of waste bamboo activated carbon

In 2014, Tamirat Dula, Khalid Siraj, and Simeles studied on the adsorption capacity of
Bamboo Activated carbon, the maximum experimental results were 98.28% by changing
the basic factors of adsorbent dose, contact time and pH values. Depending on
experimental values regression model equations were done for optimization (Figure 7).

Y, = —34.286X% + 21.71X,; + 95.14, at X, and X5 are optimum values of 20min and
2pH.

Y, = —0.00001XZ + 0.0028X, + 97.951, at X; and X; are optimum values of 0.1g/L
and 2pH.

Y; = —0.0094X2 — 0.1088X; + 98.512, at X; and X, are optimum values of 0.1g/L
and 20min.

—34.286X% + 21.71X, + 95.14 = 98.28 (10)
—0.00001X2 + 0.0028X, + 97.951 = 98.28 (11)
—0.0094X2 — 0.1088X; + 98.512 = 98.28 (12)

Equation 10, 11 and 12 were dose, contact time and pH changes equations respectively
equivalent with experimental removal efficiency. Using those three model equations 10,
11, and 12, excel optimization programming by solver table below summary optimization
were done.

In bamboo activated carbon model equation optimized numerical analysis, all variable
have similarly effects on the bamboo activated carbon removal efficiency on hexavalent
chromium, that 98.56726%, 98.143% and 98.2568% for dose (0.3g/L), contact time
(120min) and 2 pH values respectively. The removal capacities were high at acidic
condition and also in low adsorbent dose results high removal efficiency that shown
optimization in Table 7.

5.2 Teff husk activated carbon

Recently research studied on the removal efficiency Teff (Eragrostis teff) husk activated
carbon by Tsegaye Adanel - Daniel Hailel - Awrajaw Dessiel - Yohannes Abebe2 -
Henok Dagnel 2019, and articulates the maximum removal efficiency 96.04% by
changing the basic variables of adsorbent dose, contact time and pH values shows Figure
8.

Y; = —0.1031X% + 4.3742X, + 49.032, at X, and X; are optimum values of 124.2min
and 1.92pH.

Y, = —0.0039X% + 1.0007X, + 31.142, at X; and X5 are optimum values of 20.22g/L
and 1.92pH.

Y; = —12.868X2 + 75.126X; — 10.661, at X; and X, are optimum values of 20.22g/L
and 124.2min.
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Figure 8. Three-factor variable on adsorption (Aland A2 Adsorbent dose from experiment and
model respectively, B1 and B2 are contact time from experiment and model respectively, C1
and C2 are pH from experiment and model respectively) on hexavalent chromium removal

efficiency of bamboo activated carbon.

Table 7. Summary of variable optimization for hexavalent chromium removal by Bamboo
activated carbon in the regression equation model.

\/ariables_ High order | Low order Maximum removal
(Gptimum points) coefficients | coefficients Intercepts efficiency % (Y;)
Variables | Opt. value
X 0.3 -34.286 21.71 95.14 08.56726
X, 120 -0.00001 0.0028 97.951 98.143
X5 2 -0.0094 -0.1088 98.512 98.2568
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Figure 9. Three-factor variable on adsorption (A1 and A2 Adsorbent dose from experiment and
model respectively, B1 and B2 are contact time from experiment and model respectively, C1
and C2 are pH from experiment and model respectively) on hexavalent chromium removal

efficiency of Teff Husk activated carbon.

Table 8. Summary of variable optimization for hexavalent chromium removal by Teff Husk
activated carbon in the regression equation model.

\_/ariables_ High order Low order Maximum removal
(Optimum points) coefficients | coefficients Intercepts efficiency
Variables | Opt. value
X, 21.21 -0.1031 4.3742 49.032 95.43
X, 128.29 -0.0039 1.0007 31.142 95.33
X 2,92 -12.868 75.126 -10.661 98.99




D. Abdissa et al./IJM2C, 11 -03 (2021) 1-19. 15

—0.1031X? + 4.3742X; + 49.032 = 96.04 (13)
—0.0039X% + 1.0007X, + 31.142 = 96.04 (14)
—12.868X2 + 75.126X; — 10.661 = 96.04 (15)

Equation 13, 14 and 15 where change in dose with removal efficiency, change in
contact time with removal efficiency and change in pH with removal efficiency
respectively. The model equations were equivalent with experimental removal efficiency.
The summery variable optimization for Teff husk activated carbon on chromium removal
efficiency were specified using excel solver Table 8.

According to the regression model equation there where a summary of the optimum
variable for hexavalent chromium removal efficiency shows in Table 8. 21.21g/L,
128.29min and 2.92 adsorbent dose, contact time and pH value respectively results
95.43%, 95.33%, and 98.99% respectively. In these results pH was the main factor
variable that affects chromium removal and contact time were the last factor influence of
chromium removal. The Teff husk activated carbon chromium removal capacity at high
adsorbent dose and high pH values when compare to bamboo activated carbon.

5.3 Parthenium hysterophorus weed activated carbon

Recently research studied on the removal efficiency of parthenium Hysterophorus weed
activated carbon by Dinaol Bedada, Kenatu Angassa Amare Tiruneh in march 2020, and
articulates the maximum removal efficiency 90.5% by changing the basic variables of
adsorbent dose, contact time and pH values shows Figure 9.

Y; = 0.01XZ + 0.45X, + 85.25, at X, and X5 are optimum values of 90min and 2pH.
Y, = —0.0007X2 + 0.221X, + 77.739, at X; and X5 are optimum values of 90g/L and
2pH.

Y; = 0.25X% — 3.55X; + 97, at X; and X, are optimum values of 90g/L and 90min.

0.01X2 + 0.45X, + 85.25 = 90.5 (16)
—0.0007X2 + 0.221X, + 77.739 = 90.5 (17)
0.25X2 — 3.55X; + 97 = 90.5 (18)

where, equation 16, 17 and 18 are adsorbent dose change with % removal efficiency,
contact time change with % removal efficiency and pH change with % of removal
efficiency respectively.

Using those three model equations excel optimization programming by solver table
below summary optimization was done.

Depending on these regression equations model, Table 9 shows the optimum value of
variables and maximum value of removal efficiency. 90g/L, 157.8571min and 2dose,
contact time and pH value respectively results 98.25%, 95.18221% and 90.9% removal
efficiency. In this modelling, adsorbent dose was the highest factor that affects the
parthenium Hysterophorus weed activated carbon removal capacity. Contact time was the
second factor variable that affects the removal capacity.
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Figure 10. Three-factor variable on adsorptions (Al and A2 Adsorbent dose from experiment
and model respectively, B1 and B2 are contact time from experiment and model respectively,
C1 and C2 are pH from experiment and model respectively) on hexavalent chromium removal
efficiency of parthenium Hysterophorus weed activated.

Table 9. Summary of variable optimization for hexavalent chromium removal by parthenium
hysterophorus weed activated in the regression equation model.

\_/ariables_ High order Low order Maximum removal
(Optimum points) coefficients | coefficients Intercepts efficiency
Variables | Opt. value
X, 90 -0.01 0.45 85.25 98.25
X, 157.8571 -0.0007 0.221 77.739 95.18221
X 2 0.25 -3.55 97 90.9
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In the analysing of Bamboo, Teff husk and Weet activated carbons: bamboo activated
carbon has highest removal efficiency at lowest adsorbent dose and adsorbent dose was the
highest factor changes of chromium removal capacity in model optimization. Weet
activated carbon high adsorption capacity at highest adsorbent dose and adsorbent dose
was the highest factor on adsorption capacity according to optimization equations. In teff
husk activated carbon analysed the high adsorption capacity at model optimization and pH
value was the highest factor of adsorption capacity.

The method of this optimization model was generating model equation, using excel
software and maximizing the removal capacity by optimizing the factor variable using
solvers. The solver software is the powerful to solve any linear and nonlinear equations.
The result from this model equations were greater removal efficiency than that of each
experimental works. Almost all the recent article are used Freundlich and Langmuir
equations method for optimization [6, 7, 20].

6. Conclusion

In the comparison hexavalent chromium removal efficiency of biomass activated carbon
and bio-sorbent, there was no more difference, in some articles reviewed biosorption
removal efficiency was some little amount greater than the biomass activated carbons
removal efficiency. To use the bio-sorbent, there was only the physical treatment for active
functional groups. In other ways no more energy and cost consumption in the
bio-adsorption preparation process. But in activated carbon, there where energy
consumption during the carbonization process. Depending on that data experimental
specified modelling regression equation and optimization points there were maximum
factor influences on each adsorbent capacity.
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