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Abstract—This paper utilized Microsoft Excel Matrix 
Functions in determination of adsorption equilibrium 
parameters. Adsorption equilibrium data were obtained from 
our previous and published articles. Unknown engineering 
design parameters in the frequently utilized 2-parameters 
adsorption equilibrium models were determined utilising 
matrix functions and Microsoft Excel Solver in Microsoft Excel. 
Efficacies of these techniques were evaluated statistically 
utilising Analysis of Variance, Coefficient of Determination 
(CD) and correlation coefficient (R). and compared with 
experimental adsorption equilibrium. The study revealed that 
there was no significant difference between the adsorption 
capacities obtained utilising the two techniques at a 95 % 
confidence level. It was concluded that the CD and R between 
linear experimental adsorption equilibria, linear Microsoft 
Excel Solver and matrix simulated adsorption equilibria were 
between 0.6916 and 0.9535; 0.0492 and 0.9535; and 0.8318 and 
0.9765, and 0.2218 and 0.9765, respectively. The paper 
established that matrix functions and Microsoft Excel Solver in 
Microsoft Excel are essential tools in the determination of 
engineering parameters in adsorption process.  

Keywords— Adsorbent, Adsorption Isotherm, Arsenic, Matrix 
Technique, Microsoft Excel Solver. 

I. INTRODUCTION 
Water, air and land pollutions are currently transcendental 
issues[1-6]. Numerous methods such as biological, physical 
and chemical methods or techniques have been utilised to 
eradicate different contaminants and pollutants that are 
affecting the environment and aquatic ecosystems [7-15]. 
There are numerous methods and purification techniques 
currently utilised for water and wastewater purification. The 
methods and techniques include electrochemical method 
(electro-sorption, electro-Fenton process, son electro 
catalysis, photo electro catalysis, electro-floto-coagulation, 
electro-de-ionization, electrochemical membrane or electro-
filtration processes, photoelectrochemical purification, 
electrochemical disinfection, electrochemical peroxidation, 
electrochemical desalination or capacitive deionization, 
electrochemical reduction, electrochemical advanced 
oxidation, electrodialysis, electro-flotation, and 
electrooxidation, electrocoagulation), flocculation, 
irradiation, membrane separation, ion exchange, and 

adsorption (Figure 1) [16- 43]. Although, electrochemical 
purification methods require fewer addition of chemicals and 
there is no secondary pollution formation but the techniques 
are expensive and technically difficult to operate. Compared 
with all these listed above purification methods, the 
adsorption purification method has established a lot of 
consideration due to its high removal efficiency, good and 
reliable economic efficiency, and flexible in the technical 
operation [44-67]. In summary, one of these techniques 
applicable in water and wastewater purification is adsorption 
technique. Adsorption has been utilized based on its easy to 
scale-up to industrial prototypes, great efficacy and potential 
to eliminate typical pollutants from aqueous media and its 
relatively inexpensive [56–84]. Three key processes of 
adsorption of pollutants and contaminants present in 
environment are external diffusion, intraparticle diffusion, 
and surface reaction (Figure 2). Furthermore, at a dynamic 
agitation, stages intraparticle diffusion and external diffusion 
have very little influences on the transportation of 
contaminant and pollutant from the aqueous solution phase to 
the central surface of the adsorbent, which is a limiting step 
in the pollutant reduction or removal, which is the rate-
controlling mechanism [85-94] This action is assumed to be 
the required between the adsorbate (pollutant) and adsorbent 
(medium) molecules at the liquid–solid interface [23-35]. In 
this case, several adsorption equilibrium isotherm models 
have been utilised to describe the binding of these chemical 
species controlled in aqueous solution to the surface of an 
adsorbent medium and material [28-57] Table 1 presents 
adsorption equilibrium for single and multi-components 
aqueous solutions. . The adsorption equilibrium models 
provide information and data on the adsorption rate, the 
weight transfer mechanisms and , the efficacy of the 
adsorbent utilised, which indicates that accurate adsorption 
equilibrium parameters are essential tools for the design of 
the adsorption purification systems [1-94]. This study 
therefore evaluated the capabilities of Microsoft Excel Matrix 
Functions Technique for Adsorption Equilibrium Models in 
relation to experimental and data and simulated equilibrium 
from Microsoft Excel Solver. 
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Fig. 1. some of the frequently used treatment techniques for the removal of contaminants and pollutants from the environment 

 (Source: Abiodun et al.[47] and Obijole et al.[48] 

 
Fig. 2. Schematic and summary of adsorption knowledge available in the literature (Source: Babajide et al. [42]; Raji et al. [76]; Amoko et al. 

[50; 51]) 
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Table 1a. Adsorption equilibrium isotherm for single component aqueous solutions 
Type Relationship Parameters 

Langmuir  
 

aL and bL 

Freundlich  
 

Kf and Nf 

Redlich–Peterson 
 

at, g and bt 

Temkin 
 

at and bt 

Crombie-Quilty and 
McLoughin 

 

Km and Nm 

Sips 
 

ats, gts and bts 

Langmuir- 
Freundlich 

 

qm, KLF and Kt 

Toth 
 

qm, att, and gtt 

 

 att, btt and gtt 

Radke-Prausnitz 
 

arp, grp and brp 

 

arp, grp and qrp 

Khan 
 

ak, gk and qmk 

Fritz and Schhunder 

 

afs, gfst and qmfs 

Linear 
 

kp 

Loading ratio 

 

qmL, bLl and kl 

Four parameters 
 

α1, α2, α3 and qm 

Dubinin–
Radushkevich 

 

Xm, k and ε 

Statistical 

 

k 

Halsey 

 

kH and nH 

Koble - Corrigan  

 

akc, bkc and gkc 

 
 

Table 1b. Adsorption equilibrium isotherm for multi component aqueous solutions 
Type Relationship 
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Langmuir, Bulter and Ockrent, Schwlb, 
Markham and Benton, Moriguch and 
Kaneniwa 

 
Myers and Prausnitz  Ideal adsorbed solution theory ( iteration method) 
Suwanayeen and Danner  Vacancy solution theory (iteration method) 

Fritz and Schhunder  

 

Yon and Turnock  

 

Redlich–Peterson  

 

Ruthven 

 

Sheindorf et al.[42]  

 

Ruthven and Wong  

 

Jain and Snoeyink   

 

Abbreviations and Symbols 
R is the gas constant (8.31 mol-1 K-1); T is the absolute 
temperature (K); qe is the adsorption capacity of the 
absorbent at equilibrium(mg/g); C0 is the initial 
concentration of arsenic in the aqueous solution (mg/l); Ce 
is the final concentration of arsenic in the aqueous solution 
at equilibrium (mg/l); M is the weight of the adsorbent 
added (g); Г is the Gamma function symbol; exp or Exp is 
the exponential and V is the volume of the water sample 
utilised (300ml = 0.30 litres). 
k is the statistical isotherm parameter for the weight of the 
pollutant per unit weight of the absorbent ( mg/g) 
kp is the isotherm constant for the linear model for the 
weight of the pollutant per unit weight of the absorbent ( 
mg/g) 
qe is the equilibrium solid-phase concentration of sorbate t 
(mg/mg) 
αL and βL are the Langmuir adsorption constant(L/mg) and 
Langmuir isotherm parameter (mg/g) respectively 
Kf and αf are the Freundlich isotherm exponents for 
pollutant weight per unit weight of the absorbent (g/mg) 
and Freundlich isotherm parameter for the volume of the 
solution per unit weight of the pollutant (L/mg) 
respectively 

KH and αH are Hasley's isotherm parameters for pollutant 
weight per unit weight of the absorbent and for the volume 
of the solution per unit weight of the pollutant respectively 
Km and αm are constant for activated sludge model as 
volume of the solution per unit weight of the pollutant) and 
exponential constant for activated sludge model as 
pollutant weight per unit weight of the adsorbent 
respectively 
KHr and αHr are isotherm parameters for Halsey C 
(Rangabhashiyum et al., 2014) as volume of the solution 
per unit weight of the pollutant) and exponential constant 
for Halsey C model as pollutant weight per unit weight of 
the adsorbent respectively 
KHf and αHf are isotherm parameters for Halsey B 
(Hamdaoui and Naffrechous, 2007) as volume of the 
solution per unit weight of the pollutant) and exponential 
constant for Halsey B model as pollutant weight per unit 
weight of the adsorbent respectively 
KLV and αLV are isotherm parameters for Langmur — 
Vageler as the volume of the solution per unit weight of the 
pollutant) and exponential constant for the Langmur — 
Vagel model as pollutant weight per unit weight of the 
adsorbent respectively 
KFH and αFH are isotherm parameters for Flory — Huggins 
as volume of the solution per unit weight of the pollutant) 
and exponential constant for the Flory — Huggins model 
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as pollutant weight per unit weight of the adsorbent 
respectively 
Klk and αlk are isotherm parameters for Kiselev as volume 
of le solution per fruit weight of the pollutant) and 
exponential constant for Kiselev model as pollutant weight 
per unit weight of the adsorbent respectively 
KHd and αHd are isotherm parameters for Hill-de Boer as 
volume of the solution per unit weight of the pollutant) and 
exponential constant for Hill-de Boer model as pollutant 
weight per unit weight of the adsorbent respectively 

KFG and αFG are isotherm parameters for Folwer —
Guggenhien as volume of the solution per unit weight of 
the pollutant) and exponential constant for Folwer —
Guggenhien model as pollutant weight per unit weight of 
the adsorbent respectively 
KE and αE are isotherm parameters for Elovich as the 
volume of the solution per unit weight of the pollutant) and 
exponential constant for Elovich model as pollutant weight 
per unit weight of the adsorbent respectively 

Kjm and αjm are isotherm parameters for Jovanovic the 
volume of the solution per unit weight of the pollutant) and 
exponential constant for Jovanovic model as pollutant 
weight per unit weight of the adsorbent respectively 

Kfhh and αfhh are isotherm parameters for Frenkel- Halsey- 
Hill the volume of the solution per unit weight of the 
pollutant) and exponential constant for Frenkel- Halsey- 
Hill model as pollutant weight per unit weight of the 
adsorbent respectively 

Khj and αhj are isotherm parameters for Harkin Jura A the 
volume of the solution per unit weight of the pollutant) and 
exponential constant for Harkin Jura A model as pollutant 
weight per unit weight of the adsorbent respectively 

Khj and αhj are isotherm parameters for Harkin Jura B the 
volume of the solution per unit weight of the pollutant) and 
exponential constant for Harkin Jura B model as pollutant 
weight per unit weight of the adsorbent respectively 

Krw and αrw are isotherm parameters for Ruthven and Wong 
the volume of the solution per unit weight of the pollutant) 
and exponential constant for Ruthven and Wong model as 
pollutant weight per unit weight of the adsorbent 
respectively 

Ksi and αsi are isotherm parameters for Sheindorf et al. 
(1983), the volume of the solution per unit weight of the 
pollutant) and exponential constant for Sheindorf et al. 
(1983), model as pollutant weight per unit weight of the 
adsorbent respectively 

αmLB and βmLB are isotherm parameters for Langmuir, 
Bulter and Ockrent, Schwlb, Markham and Benton, 
Moriguch and Kaneniwa as volume of the solution per unit 
weight of the pollutant) and exponential constant for 
Langmuir, Bulter and Ockrent, Schwlb, Markham and 
Benton, Moriguch and Kaneniwa model as pollutant 
weight per unit weight of the adsorbent respectively 

βLF, KLF and αLF are isotherm parameters for Langmuir- 
Freundlich isotherm exponents for the volume of the 
solution per unit weight of the pollutant (L/mg); the weight 
of the pollutant per unit weight of the absorbent ( mg/g) and 
the weight of the pollutant per unit weight of the absorbent 
(mg/g), respectively  
at,, bt, and gt, are the Redlich–Peterson isotherm exponents 
for the volume of the solution per unit weight of the 
pollutant (L/mg); the weight of the pollutant per unit 

weight of the absorbent ( mg/g) and the weight of the 
pollutant per unit weight of the absorbent (mg/g), 
respectively 
afs, gfst and qmfs are the Fritz and Schhunder’s isotherm 
parameters for the volume of the solution per unit weight 
of the pollutant (L/mg); the weight of the pollutant per unit 
weight of the absorbent ( mg/g) and the weight of the 
pollutant per unit weight of the absorbent (mg/g), 
respectively 
ak, gk and qmk are the Khan’s isotherm parameters for the 
volume of the solution per unit weight of the pollutant 
(L/mg); the weight of the pollutant per unit weight of the 
absorbent ( mg/g) and the weight of the pollutant per unit 
weight of the absorbent (mg/g), respectively 
akc, bkc and gkc are the Koble-Corrigan’s isotherm 
parameters for the volume of the solution per unit weight 
of the pollutant (L/mg); the weight of the pollutant per unit 
weight of the absorbent ( mg/g) and the weight of the 
pollutant per unit weight of the absorbent (mg/g), 
respectively 
arp, grp and qrp are the Radke-Prausnitz’s isotherm 
parameters for the volume of the solution per unit weight 
of the pollutant (L/mg); the weight of the pollutant per unit 
weight of the absorbent ( mg/g) and the weight of the 
pollutant per unit weight of the absorbent (mg/g), 
respectively 
ats, bts and gts are the Sips isotherm parameters for the 
volume of the solution per unit weight of the pollutant 
(L/mg); the weight of the pollutant per unit weight of the 
absorbent ( mg/g) and the weight of the pollutant per unit 
weight of the absorbent (mg/g), respectively 
att,, btt  and gtt are the Toth isotherm parameters for the 
volume of the solution per unit weight of the pollutant 
(L/mg); the weight of the pollutant per unit weight of the 
absorbent ( mg/g) and the weight of the pollutant per unit 
weight of the absorbent (mg/g), respectively 
qm, att, and gtt are the Toth isotherm parameters for the 
volume of the solution per unit weight of the pollutant 
(L/mg); the weight of the pollutant per unit weight of the 
absorbent ( mg/g) and the weight of the pollutant per unit 
weight of the absorbent (mg/g), respectively 
qm, KLF and Kt are the Langmuir – Freundlich isotherm 
constants for the volume of the solution per unit weight of 
the pollutant (L/mg); the weight of the pollutant per unit 
weight of the absorbent ( mg/g) and the weight of the 
pollutant per unit weight of the absorbent (mg/g), 
respectively 

qmL, bLl and kl are the Loading ratio’s isotherm parameter 
for the volume of the solution per unit weight of the 
pollutant (L/mg); the weight of the pollutant per unit 
weight of the absorbent ( mg/g) and the weight of the 
pollutant per unit weight of the absorbent (mg/g), 
respectively  
Kmd, αmd and ε are the Dubinin-Radushkevich’s isotherm 
parameters for the volume of the solution per unit weight 
of the pollutant (L/mg); the weight of the pollutant per unit 
weight of the absorbent ( mg/g) and the weight of the 
pollutant per unit weight of the absorbent (mg/g), 
respectively 
KmRu; αmRu and γmRu are the Ruthven for the volume of the 
solution per unit weight of the pollutant (L/mg); the weight 
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of the pollutant per unit weight of the absorbent ( mg/g) and 
the weight of the pollutant per unit weight of the absorbent 
(mg/g), respectively 
αmLRP, gmLRP and βmLRP are the Redlich–Peterson for the 
volume of the solution per unit weight of the pollutant 
(L/mg); the weight of the pollutant per unit weight of the 
absorbent ( mg/g) and the weight of the pollutant per unit 
weight of the absorbent (mg/g), respectively 
αmFS; βmFS and γmFS are the Yon and Turnock for the volume 
of the solution per unit weight of the pollutant (L/mg); the 
weight of the pollutant per unit weight of the absorbent ( 
mg/g) and the weight of the pollutant per unit weight of the 
absorbent (mg/g), respectively 
αmFS; βmFS and γmFS are the Fritz and Schhunder for the 
volume of the solution per unit weight of the pollutant 
(L/mg); the weight of the pollutant per unit weight of the 
absorbent ( mg/g) and the weight of the pollutant per unit 
weight of the absorbent (mg/g), respectively 
Kscjf; βscjf and γscjf are the Single Component Jovanovic -
Freundlich for the volume of the solution per unit weight 
of the pollutant (L/mg); the weight of the pollutant per unit 
weight of the absorbent ( mg/g) and the weight of the 
pollutant per unit weight of the absorbent (mg/g), 
respectively 
KBS, αBS and βBS are isotherm parameters for Brouers- 
Sotolongo isotherm exponents for the volume of the 
solution per unit weight of the pollutant (L/mg); the weight 
of the pollutant per unit weight of the absorbent ( mg/g) and 
the weight of the pollutant per unit weight of the absorbent 
(mg/g), respectively 
Kwvv, αwvv, βwvv and γwvv are isotherm parameters for Weber-
Van Vliet isotherm exponents for the volume of the 
solution per unit weight of the pollutant (L/mg); the weight 
of the pollutant per unit weight of the absorbent ( mg/g), 
exponents for the volume of the solution per unit weight of 
the pollutant (L/mg) and the weight of the pollutant per unit 
weight of the absorbent (mg/g), respectively 
Kbu, βbu, γbu and αbu are isotherm parameters for Bauder 
isotherm exponents for the volume of the solution per unit 
weight of the pollutant (L/mg); the weight of the pollutant 
per unit weight of the absorbent ( mg/g), exponents for the 
volume of the solution per unit weight of the pollutant 
(L/mg) and the weight of the pollutant per unit weight of 
the absorbent (mg/g), respectively 
Kmsj, γmsj, αmsj and βmsj are isotherm parameters for 
Marczewsk- Jaroniec isotherm exponents for the volume of 
the solution per unit weight of the pollutant (L/mg); the 
weight of the pollutant per unit weight of the absorbent ( 

mg/g), exponents for the volume of the solution per unit 
weight of the pollutant (L/mg) and the weight of the 
pollutant per unit weight of the absorbent (mg/g), 
respectively 
KFS4 γFS4, αFS4 and βFS4 are isotherm parameters for Fritz- 
Schhunder isotherm exponents for the volume of the 
solution per unit weight of the pollutant (L/mg); the weight 
of the pollutant per unit weight of the absorbent ( mg/g) and 
the weight of the pollutant per unit weight of the absorbent 
(mg/g), respectively 
qfs5, Kfs5, α fs5 , γfs5 and βfs5 are isotherm parameters for Fritz- 
Schhunder isotherm exponents for the volume of the 
solution per unit weight of the pollutant (L/mg); the weight 
of the pollutant per unit weight of the absorbent ( mg/g) and 
the weight of the pollutant per unit weight of the absorbent 
(mg/g), respectively 
α1, α2, α3 and qm are isotherm parameters for Four 
parameters’ isotherm parameter exponents for the volume 
of the solution per unit weight of the pollutant (L/mg); the 
weight of the pollutant per unit weight of the absorbent ( 
mg/g) and the weight of the pollutant per unit weight of the 
absorbent (mg/g), respectively 
Kmjs2; Kmjs1; βmjs1 and βmjs2 are isotherm parameters for 
Jain and Snoeyink exponents for the volume of the solution 
per unit weight of the pollutant (L/mg); the weight of the 
pollutant per unit weight of the absorbent ( mg/g) and the 
weight of the pollutant per unit weight of the absorbent 
(mg/g), respectively 
Kmejf2; γmejf1 Kmejf1; βmejf1 γmejf2 and βmejf2 are isotherm 
parameters for Extended Jovanovic -Freundlich exponents 
for the volume of the solution per unit weight of the 
pollutant (L/mg); the weight of the pollutant per unit 
weight of the absorbent ( mg/g) and the weight of the 
pollutant per unit weight of the absorbent (mg/g), 
respectively 
Kmelf2; γmelf1 Kmelf1; βmelf1 γmelf2 and βmelf2 are isotherm 
parameters for Extended Langmuir -Freundlich exponents 
for the volume of the solution per unit weight of the 
pollutant (L/mg); the weight of the pollutant per unit 
weight of the absorbent ( mg/g) and the weight of the 
pollutant per unit weight of the absorbent (mg/g), 
respectively 
Kmel2; Kmel1; βmel1 and βmel2 are isotherm parameters for 
Extended Langmuir exponents for the volume of the 
solution per unit weight of the pollutant (L/mg); the weight 
of the pollutant per unit weight of the absorbent ( mg/g) and 
the weight of the pollutant per unit weight of the absorbent 
(mg/g), respectively 

 

II. LITERATURE REVIEW  
Analysis of the adsorption equilibrium data can be 

conducted through linearized, non-linear, and least 
squares analysis utilising software such as Sigma Plot, 
Origin, Microsoft Excel Solver, MATLAB, Mathematica, 
Mathcad, Spreadsheet, Maple, GAUSS, Freemat, Flepro, 
Dataplot, Ardnial and SPSS. Figure 3 presents in details 
adsorption equilibrium. With reference to the cost of 
some of these software, there is a need to utilize tools and 
software that can be utilised to analyse data at no 
additional cost such as calc spread sheet on Libre Office, 
Microsoft Add-ins and Microsoft Excel . It has been 

documented that the functionality of Microsoft Excel can 
significantly increase the robustness of numerical data 
analysis [42-46], but literature on utilization of matrix 
functions in Microsoft Excel is rare. It is well stated that 
utilising matrices for solving numerical problems offers 
numerous advantages in handling complexity, improving 
computational efficiency, facilitating data analysis, and 
enhancing the accuracy of models and predictions. This 
approach is particularly beneficial for multicomponent 
systems, dynamic processes, and optimization tasks, 
making it a powerful tool in both research and industrial 
applications of adsorption technology. The main focus of 
this paper is to [42]: 
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a. solve selected adsorption equilibrium models 
utilising matrix functions in Microsoft Excel  

b. establish the accurateness and preciseness of 
matrix transformation of the technique in solving 
commonly utilised adsorption equilibrium models 
with specific consideration to the utilization of 
least squares transformed and built-in matrix 
functions in Microsoft Excel, and  

c. compare the results with experimental adsorption 
equilibrium, and simulated adsorption 
equilibrium from Microsoft Excel Solver with a 

critical aim of attaining sustainable development 
goals 3 (good health and well-being), 6 (clean 
water and sanitation); 14 (life below water) and 
15 (life on land) [49] and to further knowledge in 
computer education.  

Matrix was selected based on accessibility, 
availability at no additional and easy to utilise 

 
 
 

III. METHODOLOGY 
Data on arsenic removal from surface water utilising 

Aponmu River, Ilara-Mokin, Nigeria by adsorption 
process utilising powdered eggshells and the adsorption 
properties of powdered eggshells were extracted from 
previous and published studies such as Amoko et al.[50]; 
Amoko et al. [51]; Fehintola et al.[52]; Obijole et al. [53] 
and Oke et al.[54]. Adsorption equilibrium models 
(Langmuir and Freundlich) were analysed utilising 
transformed linear and least squares form of the models. 
The Langmuir, Langmuir – Vageler, Flory – Huggins, 
Freundlich, Halsey B, and Halsey A equations are as 
follows [42]: 

Langmuir 

   (1) 

Freundlich 
   (2) 

Flory – Huggins 

;   (3a) 

    (3b) 

Halsey B 

  (4) 

Halsey A 

  (5) 

Temkin 

  (6) 

Frenkel- Halsey- Hill 

(7) 

Elovich 

 (8) 

Elovich 

 (9) 

Where;  
qe and Ce are adsorption equilibrium capacity and 

adsorption equilibrium concentration. 
aL and bL are Langmuir adsorption constants 
 Kf and Nf are Freundlich adsorption constants 
at and bt are Temkin’s adsorption constants 
KH and NH are Halsey A’s adsorption constants 
KHf and NHf are Halsey B’s adsorption constants 
Kfhh and Nfhh are Frenkel- Halsey- Hill’s adsorption 

constants 
KE and qmE are Elovich’s adsorption constants 
KFG and W are Folwer –Guggenhien’s adsorption 

constants 
KHd and K2 are Hill-de Boer ‘s adsorption constants 
K1 and Kn are Kiselev’s adsorption constants 
KFH and NFH are Flory – Huggins’s adsorption constants 
qmax and KLV are Langmuir – Vageler’s adsorption 

constants 
The matrix arrays were solved with matrix functions 

in Microsoft Excel. The results were evaluated 
statistically utilising Analysis of Variance (ANOVA), 
Coefficient of Determination (CD) and Correlation 
Coefficient (R) and compared with linear and non-linear 
experimental adsorption equilibrium and simulated 
equilibrium values from Microsoft Excel Solver. Figures 
4 and 5 present the flowchart of the procedures for matrix 
and Microsoft Excel Solver techniques respectively. The 
mathematical and matrix transformation are as presented 
in equations (9) to (12). The details of the transformation 
are as presented in the appendix 

 
   (9) 
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Adsorption Equilibrium Isotherm Models 

One Parameter 
Isotherm Model 

Two Parameters 
Isotherm Models 

Three Parameters 
Isotherm Models 

Four Parameters 
Isotherm Models 

Five Parameters 
Isotherm Models 

a. Langmuir 

b. Freundlich 

c. Temkin 

d. Dubinin – 

Radushkevich 

e. Flory- Huggins 

f. Elovich 

g. Fowler- 

Gugggenheim 

h. Kiselev 

i. Hill-de Boer 

j. Jovanovic 

k. Hasley 

l. Harkin- Jura 

m. Langmuir- 

Vageler 

n. Frenkel- Hasley- 

a. Henry 

 

a. Redlich-
Peterson 

b. Hill 
c. Toth 
d. Jossens 

e. Frizt-Schlunder 

f. Sips 

g. Koble-Corrigan 

h. Khan 

i. Radke-

Prausinitz 

j. Frunkin 

k. Liu 

a. Weber-van 
Vliet 

b. Fritz- 
Schlunder 

c. Baudu 

a. Fritz- 
Schlunder  

Explore novel biosorbents 

Initial explore 
novel biosorbents 

Fig. 3: The significance of adsorption equilibrium isotherm models in use to establish performance of adsorbents 
(Adopted from Rangabhashiyam et al. [56])  
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Matrix transformation of  

(12) 

 

IV. RESULTS AND DISCUSSION 
Results from the study are presented as follows: 

properties of the powdered eggshell, adsorption 
equilibrium capacities, Step-by step of Microsoft Excel 
Matrix Functions techniques, Adsorption equilibrium 
model and parameters, efficacies assessments of the 
technique. 
a) Properties of Powdered eggshell: The 

properties of the eggshell (physical, chemical, 
scanning electron microscope (SEM) and  Energy 
Dispersive Spectroscopy (EDS)) were presented 
in literature such as Amoko et al.[50]; Amoko et 
al. [51]; Fehintola et al.[52]; Obijole et al. [53] 
and Oke et al.[54]. 

b) Step-by step of Microsoft Excel Matrix 
Functions and Microsoft Excel solver 
techniques: The results and the steps required to 
obtained and utilised these two techniques are 

provided in literature such as Fehintola et al.[52]; 
Obijole et al. [53] and Oke et al.[54]. 

c) Adsorption Equilibrium capacities: Table 2 
presents the results of adsorption equilibrium 
capacities of powdered eggshell. The Table 
revealed that the adsorption equilibrium 
capacities properties of the eggshell was between 
0.1868 and 0.4783 (mg of the pollutant per gram 
of the adsorbent) at 0.85 g of the adsorbent with 
initial concentration of the pollutant between 0.60 
mg/l and 1.5 mg/l of arsenic. The equilibrium 
concentrations were between 0.0992 and 0.3170 
mg/l of arsenic. Detailed adsorption results and 
influences of selected operational factors are 
presented in literature such as Amoko et al.[50]; 
Amoko et al. [51]; Fehintola et al.[52]; Obijole et 
al. [53] and Oke et al.[54]. Table 3 shows the 
influences of initial concentrations on adsorption 
equilibrium capacities and adsorption equilibrium 
concentration.  
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Fig. 4: Procedure for using the Matrix technique on Microsoft Excel in the 

computation of the Isotherm’s parameters 

 
Fig. 5: Procedure for using Microsoft Excel Solver technique on 
Microsoft Excel in the computation of the Isotherm’s parameters 



Ife Journal of Information and Communication Technology, Volume 8, 2024 

 113 

 

The Table revealed that there is no significant 
adsorption equilibrium capacities at 95 % (F1,3 = 
2.7018 and p = 0.2180, which is greater than 0.05). 
In addition, the Table established that there is 
significant difference between adsorption 
equilibrium concentration at 95 % confidence level 
(F1,3 = 11.348 and p = 0.043, which is less than 
0.05).  

d) Adsorption equilibrium model and parameters: 
Table 4 presents the selected adsorption 
equilibrium models with 2-parameters constants. 
The Table revealed that the values of adsorption 
equilibrium parameters vary with the adsorption 
equilibrium models, methods and techniques 
utilised (matrix and Microsoft Excel Solver), but 
the values were similar in magnitudes. This result 
indicates that the matrix technique in Microsoft 
Excel (in-built functions) can be utilised to solve 
numerical problems of 2-parameters adsorption 
equilibrium models. The Table also established that 
these 2-parameters adsorption equilibrium models 
must be linearized and transformed into matrix 
arrays for easier applications. The detail of the 
computations for the two techniques are presented 
at the Appendices. Table 5 shows the influences of 
the technique of adsorption equilibria. The Table 
revealed that there was no significant difference 
between experimental adsorption equilibria and 
simulated adsorption equilibria (matrix and 
Microsoft Excel Solver) at a 95 % confidence level 
(F1, 38 = 3.341, p = 0.075 which is greater than 0.05). 
for the matrix technique. Table 6 shows the result 
of the influences of the technique of adsorption 
equilibria capacities. There was no significant 
difference between the adsorption capacities 
obtained utilising the two techniques at a 95 % 

confidence level (F15, 32 = 0.867; p = 0.604 which is 
greater than 0.05).  
Table 7 shows the result of the influences of the 
techniques (Matrix and MES) of adsorption 
equilibria parameters. There was no significant 
difference between the adsorption capacities 
obtained utilising the two techniques at a 95 % 
confidence level (F1, 30 = 1.9534; p = 0.172 which is 
greater than 0.05). 

e) Efficacies assessments of the technique: Table 8 
presents the results of the efficacies assessment for 
both matrix and Microsoft Excel Solver techniques 
when compared with non- linear experimental 
adsorption equilibria and non- linear simulated 
adsorption equilibria. These values of R established 
that the relationship between linear experimental 
adsorption equilibria and linear simulated 
adsorption equilibria was between 0.2218 
(Langmuir A) and 0.9765 (Langmuir D), which 
indicates that the relationship was between below 
average to good relationship as stated in literature 
such as Babajide et al. [42]; Loveday[63]; Oke [64]; 
Oke et al.[65]. In addition, the Table also 
established that these 2-parameters adsorption 
equilibrium models must be linearized and 
transformed into matrix arrays for easier 
applications and effective efficacys. 

f) Table 9 shows the result of the influences of the 
technique on linear experimental adsorption 
equilibria and linear simulated adsorption 
equilibria. It was established that there was no 
significant difference between the adsorption 
capacities obtained utilising the two techniques at a 
95 % confidence level (F2, 45 = 1.283; p = 0.287 
which is greater than 0.05).

 

Table 2: Results of adsorption equilibrium capacities of powdered eggshell 
Initial Concentration of the 

pollutants (mg/l) 
adsorption equilibrium 

concentration (Ce, , mg/l) 
adsorption equilibrium capacities (qe, 

mg/g) 
1.5 0.3170 0.4732 

1.3 0.1577 0.4569 

1.1 0.0992 0.4003 

0.6 0.1331 0.1868 

 

Table 3: Effects of initial concentrations on adsorption equilibrium capacities and adsorption equilibrium concentration 

Source of Variation Sum of 
Squares 

Degree of 
freedom 

Mean Sum of 
square F-value P-value F crit 

Between the adsorption 
equilibrium capacities 0.059 3 0.020 2.702 0.218 9.277 

Between adsorption equilibrium 
capacities and adsorption 
equilibrium concentration 

0.082 1 0.082 11.348 0.043 10.128 

Error 0.022 3 0.007    

Total 0.162 7         
 
 



Ife Journal of Information and Communication Technology, Volume 8, 2024 

 114 

 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 

Table 4 the selected adsorption equilibrium models with 2-
parameters constants 

Summary Matrix MES Parameters 

Freundlich 
0.6732 0.6732 K 

2.8809 2.8809 N 

Langmuir A 
0.4892 78.6780 bL 

13.9252 0.0350 aL 

Langmuir B 
0.7541 3.7197 bL 

5.1106 0.2786 aL 

Langmuir C 
0.2859 78.9000 bL 

26.3074 0.0374 aL 

Langmuir D 
0.3363 121.8379 bL 

3.4345 0.0202 aL 

Langmuir E 
0.0959 84.9035 bL 

5.2452 0.0230 aL 

Flory-Huggins 
0.6741 0.6741 Kfh 

1.8616 1.8617 Nfh 

Hasley B 
0.1476 0.1671 KHb 

2.1479 2.4980 NHb 

Frenkel-Hasley-Hill 
0.6571 0.2390 Kfhh 

0.3495 1.2313 Nfhh 

Elovich 
2.7579 0.2390 Ke 

1.5163 1.2313 qmax 

 
 

Table 5 Effects of the technique of adsorption equilibria 

Source of Variation Sum of 
Squares Degree of freedom 

Mean Sum of 
square F-value P-value F crit 

Between Techniques 2511.946 1 2511.946 3.341496 0.075412 4.098172 

Within Groups 28566.234 38 751.743    

Total 31078.18 39         
 

Table 6 Effects of the technique of adsorption equilibria capacities 

Source of Variation Sum of 
Squares 

Degree of 
freedom 

Mean Sum of 
square F-value P-value F crit 

Between adsorption equilibrium 
capacities  0.394 15 0.026 0.867 0.604 1.992 

Within adsorption equilibrium 
capacities 0.970 32 0.030    

Total 1.364 47         
 
 

Table 8 Statistical evaluation of both matrix and Microsoft Excel Solver 
techniques 

Techniques 
Coefficient of 
Determination 

Correlation 
Coefficient 

Matrix 0.037 0.193 

MES 0.040 0.200 
 
 
 

Table 7 Effects of the technique (MES and Matrix) on adsorption equilibria parameters. 

Source of Variation Sum of 
Squares 

Degree of 
freedom 

Mean Sum of 
square F-value P-value F crit 

Between Techniques 0.0703574 1 0.070357 1.953395 0.172472 4.170877 

Within Groups 1.0805399 30 0.036018    

Total 1.1508973 31         
 

Table 10 Effects of Techniques on non-linear Experimental and simulated adsorption equilibrium 
capacities 

Source of 
Variation 

Sum of 
Squares 

Degree 
of 

freedom 

Mean Sum of 
square 

F-
value 

P-
value F crit 

Within 
Techniques 2.12E-05 1 2.12 x 10-5 5.26 0.26 161.45 

Between 
Evaluations 0.024914 1 0.024914 6173.49 0.01 161.45 

Error 4.04E-06 1 4.04 x 10-6    

Total 0.024939 3     

 
 
 

Table 9 Effects of Techniques on statistical evaluation of linear experimental and linear 
simulated adsorption capacities  

Source of 
Variation 

Sum of 
Squares 

Degree of 
freedom 

Mean Sum 
of square 

F-
value 

P-
value F crit 

Between 
Experimental 
and the two 
Techniques 0.074 2 0.037 1.283 0.287 3.204 
Within 
Experimental 
and the two 
Techniques 1.290 45 0.029    

Total 1.364 47         
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Table 10 shows the influences of techniques (MES and 
Matrix) on non-linear Experimental and simulated 
adsorption equilibrium capacities. The Table revealed 
that there was no significant difference between the 
adsorption capacities obtained utilising the two 
techniques at a 95 % confidence level (F1, 1 = 5.26; p = 

0.260 which is greater than 0.05), but between the 
statistical assessments (Correlation Coefficient and 
Coefficient of Determination) there was significant 
difference at a 95 % confidence level (F1, 1 = 6173.49; p 
= 0.010 which is less than 0.05).

  

V. CONCLUSION 
The Based on the study and the findings, the following 
key conclusions can be drawn: 

a) Matrix technique with the Microsoft Excel 
function tools can be utilized to solve 
adsorption equilibrium equations.  

b) Utilizing the matrix is flexible (the technique 
can take N x N matrix arrays of N greater than 
100) and faster due to its capacities as in-built 
functions. 

c) Results from the simulation of the adsorption 
equilibrium based on the parameters from the 
matrix technique were precise and accurate 
with a coefficient of correlation of 0.9765 with 
the experimental values. 

d) The efficacy of the evaluated adsorption 
equilibrium models was reliable. 

. 
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Appendix A: Derivations of Adsorption equilibrium -Linear 
Equations and General Form of Least Square For Matrix 

Transformations 
A. Langmuir linear equation A Model (unknown parameters 

are aL and bL):  which indicates that 

 which indicates that 

equivalent to 

 where X stand for independent variables 
and Y stands for dependent variables  

 

B. Langmuir linear equation B Model:  

which indicates that 

 

indicates that  

C. Langmuir linear equation C Model:  

which indicates that 

 

;  

D. Langmuir linear equation D Model:  

which indicates that 

 

;  
E. Langmuir linear equation E Model: 

 

 which indicates that 

 equivalent to 

 where X stand for independent variables 
and Y stands for dependent variables  

 

F. Freundlich Model:   . 

Linear equation Freundlich Model
 

 which 

indicates that 

 is 

equivalent to  where X stand for 
independent variables and Y stands for dependent variables  

 
G. Langmuir – Vageler: Linear equation Freundlich 

Model 

which indicates that 

 

equivalent to  where X stand for 
independent variables and Y stands for dependent 
variables  
 

H. Flory – Huggins Linear equation Freundlich 
Model 

 

which indicates that 

 

equivalent to  where X stand for 
independent variables and Y stands for dependent 
variables 
 

I. Halsey B Linear equation Freundlich Model 

 

which indicates that 

 

equivalent to  where X stand for 
independent variables and Y stands for dependent 
variables 
 

J. Halsey A Linear equation Freundlich Model 
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equivalent to  where X stand for 
independent variables and Y stands for dependent 
variables 
 
K. Temkin Linear equation Freundlich Model 

 which 

indicates that  

equivalent to  where X stand for 
independent variables and Y stands for dependent 
variables 

 
L. Frenkel- Halsey- Hill Linear equation Freundlich 

Model 

 

which indicates that 

 

equivalent to  where X stand for 
independent variables and Y stands for dependent 
variables 
 

M. Elovich Linear equation Freundlich Model 

 which 

indicates that 

 equivalent 

to  where X stand for independent 
variables and Y stands for dependent variables 
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equivalent to  where X stand for 
independent variables and Y stands for dependent 
variables 
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APPENDIX B: Matrix Array of Linear Equations and 
Computations 

  

Table B1Matrix 

 
 
 
 

Table B2Matrix 
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Table B5  Matrix 
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APPENDIX B: MES Computations 
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Table C 3 MES 
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