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Abstract:- The aim of the study was to produce enriched 

Biochar from local materials. The mixture design 

enabled to model and optimize the production of a high-

quality enriched biochar to be used as a bio fertilizer 

and/or a pollutant adsorbent. The choice was laid on 

three components bearing different attributes. These 

include lignocellulosic material (Ayous’ sawdust); a 

minerals source material (the clay of Wak) and a 

nitrogen source material (chicken manure). The three 

responses associated to this study were the pH, the iodine 

index and the cation exchange capacity. The 

optimization consisted in the inquiry of a maximum 

compound desirability. The mathematical model reveals 

a quadratic type for all responses. The pH and the cation 

exchange capacity were highly influenced by the chicken 

manure component, the iodine index by the sawdust 

component. The optimization revealed a pH preview 

value of 9.25 for desirability of 0.96, an iodine index of 

794 m2.g-1 for a desirability of 0.83, and a cation 

exchange capacity of 40.96 cmol+.kg-1 for the desirability 

of 0.97. The global desirability of 0.96 showed that all 

components reach a favorable result, hence guaranteed 

the use of such biochar as bio fertilizer and/or as 

pollutant adsorbent. 
 

Keywords:- Enriched biochar; sawdust; clay, chicken 
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I. INTRODUCTION 
 

Although the performance of classical biochar in the 

field of bioremediation of soils polluted with heavy 

metals(Pan et al., 2021; Yang et al., 2021)and in the 

fertilization of poor soils is well established(Li et al., 2018; 

Sun et al., 2021)there are still concerns with its economic 

profitability. A return on investment is not possible because 

of the use of large quantities of conventional biochar. In 
fact, it usually takes more than 5-30 t ha-1(Blackwell et al., 

2010; Chan, K.Y., Zu, 2009; Kimetu et al., 2008)to achieve 

desirable results.(Clare et al., 2015) and (Blackwell et al., 

2015)estimated the cost of biochar production at about $ 300 

t-1 in China and Australia, and at this price, the use of 

conventional biochar is not cost-effective. Since then, 

researchers and manufacturers have joined forces to develop 

another type of biochar i.e., the enriched biochar(Wang et 

al., 2017). The enriched biochar is supposed to have higher 

performances than the classical biochar. In addition, 

enriched biochar enhances the properties of soils even at low 

application doses. Among the most frequent soil properties 

are the pH, the specific surface, cation exchange capacity, 

water retention, immobilization of heavy metals, the 

increase of microflora and organic matter etc. (Cheng and 

Lehmann, 2009; Chia Bhupinder et al., 2014; Glaser et al., 

2001; Joseph et al., 2010; Kimetu et al., 2008). If the main 

component of enriched biochar is generally a lignocellulosic 

material, secondary components such as iron oxide rich 

nanoparticles (Chen et al., 2011; Joseph et al., 2013), 

mineral-rich clays or nitrogen-rich animal’sexcreta (Cheng 
and Lehmann, 2009; Liang et al., 2006)are known to 

increase the performance of enriched biochar even 

atlowerquantities compared to conventional biochar. 

However, the choice of enriched biochar components and 

their proportions remain unjustified for most publications 

(Blackwell et al., 2015; Joseph et al., 2015; Li et al., 2017; 

Yao et al., 2014). The aim of this study is therefore to use 

amixturedesignas a tool to produce enriched biochar from 

locally available materials in the Cameroonian city of 

Ngaounderethat will enable to justifythe different 

component proportions. The optimization permit to obtain 
the optimal mixture that could be used in various 

applications such as the depollution of heavy metals polluted 

soils (Adjia et al., 2009; Noubissié et al., 2016); or as a 

biofertilizer on poor soils (Fezeu Wombuwou, 2006) of 

Ngaoundere.  
 

II. MATERIAL AND METHODS 
 

A. Sampling of raw materials 

Three raw materials, namely Ayous sawdust, raw clay 
and chicken manure were chosen to serve as a basis for 

obtaining the three constituents of the mixture (Figure 1). 

The sawdust from Triplochition scleroxylon, locally known 

as Ayousor known as "white wood" was identified and 

collected in the sawmills of the city of Ngaoundéré, 

Adamawa region (Cameroon). These woodcutting residues 

in smaller flow is available in large quantities in the city of 

Ngaoundere(Hassana et al., 2019). The sawdust from this 

species is known to be a good generator of pores (Belibi 

Belibi, 2016; Rumaizah et al., 2019). The raw clay comes 

from the locality of Wak, a village located in the Adamawa 
region. The geographic coordinates of the sampling area are 

as follows: Latitude North N = 07°40’685’’; Longitude East 
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E = 013°33’026’’; Altitude H = 708m. Raw clay is readily 

available because it occupies a large surface area. Chicken 

manure are excrement produced by laying hens raised 

without litter on a farm in Ngaoundere. Poultry was fed 

mainly on corn. Just like the two raw materials chosen, 

chicken manure is widely available because poultry farming 

is developed in this area. 
 

B. Pretreatment of the raw materials to obtain the 

constituents of the mixture 

The pretreatment of the sawdust is done by drying the 

samples identified as being from the Ayous specie in 

ambient air for 48 hours in order to get rid of the moisture 
and facilitate the grinding process. The grinding is carried 

out using a grinder called "Moulin d'Or" rotating at 100 rpm. 

Screening using a sieve mesh less than or equal to 1000 

microns allowed to obtain the sawdust powder (Figure 1, 

photo a). It is kept away from moisture for later use. 

In order to obtain a pure clay powder (Figure 1, photo 

b), Wak raw clay is subjected to some treatments. A mass of 

10 kg of clay is soaked in 20 liters of distilled water for 24 

hours to defragment the different parts. A sieve with a mesh 

of 100 microns servestoobtain particles less than or equal to 

this mesh. The settling that ensued allowed to obtain a 

pellet. The latter is introduced into the oven for evaporation 

at 105 ° C until complete drying. Mortar grinding and re-
sieving using a 100 μm mesh ends the pretreatment. The 

pretreatment of the manure consisted of drying the samples 

in ambient air for 72 hours in order to get rid of moisture. 

Manual sorting followed by sieving allowed separation of 

the chicken manure from other collected constituents such as 

litter or pebbles. Mortar grinding and sieving using a sieve 

with a mesh size of 100 µm allow to obtain the chicken 

manure powder (Figure 1, photo c). 

 

   
Photo a: Sawdust powder from Ayous Photo b: Wak Clay Powder Photo c: Chicken manure powder 

 

Fig. 1: Components of the enriched biochar. Process for producing enriched biochar  
 

Fig. 2 shows the process for obtaining the enriched biochar. It is adapted from(Yao et al., 2014). 

http://www.ijisrt.com/


Volume 7, Issue 8, August – 2022                 International Journal of Innovative Science and Research Technology                                                 

                                                                                                                                                                 ISSN No:-2456-2165 

 

IJISRT22AUG302                                                                    www.ijisrt.com                                                 62 

 
Fig. 2: Process schema for obtaining enriched biochar. 

 

Different quantities of clay powder (250-300g) and 

chicken manure powder (150-200g) are manually mixed in 

500ml of distilled water and then placed in a sonicator 

(Brand Bransonic 221, Danbury, USA). United). The 

mixture is stirred at 80 rpm for 60 minutes to be dispersed 
and homogenized. The mixture is then collected and placed 

in a basin. Various quantities of sawdust powder (500-550g) 

are added gradually and then mixed manually before being 

placed in a test jar to further mix and increase the 

homogenization of the three components. The shaking of the 

test jar (45 rpm) is also performed for 60 minutes. The 

mixture, which is an enrichment of the sawdust with the 

powdered clay and the chicken manure, is then placed in an 

oven at 105 ° C for 24 hours to remove the water thereby 

facilitating the pyrolysis. The mixture is placed in an oven 

for 2 hours at a temperature of 550 ° C. The NAGAT brand 
oven (France) with the characteristics (T ° C max: 950 ° C, 

Power: 6300 W, Max volume: 3 dm3) serves as a pyrolyzer. 

The enriched biochar obtained is cooled in a desiccator for 2 

hours. The enriched biochar is finally packaged in plastic 

bags and stored in a refrigerator for subsequent use. 
 

http://www.ijisrt.com/


Volume 7, Issue 8, August – 2022                 International Journal of Innovative Science and Research Technology                                                 

                                                                                                                                                                 ISSN No:-2456-2165 

 

IJISRT22AUG302                                                                    www.ijisrt.com                                                 63 

C. Mixture design  

A mixture design was chosen in order to obtain quality 

biochar. Table 1 gives the maximum and minimum 

percentages of the three components of the mixture. The 

lower and upper bounds of the proportions are chosen on the 

basis of the different expected performances of the biochar 

and after preliminary studies. The high proportion of 

sawdust in the composition of the mixture is justified by the 

fact that this lignocellulosic component is chosen as the 

major component. Rich in carbon, it could serve, after 

pyrolysis, as a depolluting agent. Carbon could be used 

incidentally also as a nutrient for plants. Clay is a second 

component; it can raise pH and the cation exchange 

capacity. Although the chicken manure is the third 

component, it will increase not only the nutrient content of 

the biochar but also its alkalizing effect. 
 

Table 1: Lower and upper limits of the different components of the mixture 

Components Lower bound[%] upper bound [%] 

Sawdust powder from Ayous 50 55 

Wak Clay Powder 20 30 

Chicken manure’s powder 15 20 
 

D. Selected responses 

The first response in this experimental design is the 

pH.Knowledge of the enriched biochar pH is a tool to 

evaluate its ability to reduce the acidity of the soil. The 

method of(Rajkovich et al., 2012) is used to measure the pH. 
The enriched biochar obtained from the various mixtures is 

suspended in distilled water, according to a liquid / solid 

ratio (L / S) of 20 ml / g. The pH measurement is carried out 

after stirring (1.5 hours) and using a portable pH meter 

(PCE-PHD 1). 
 

The iodine index (I.I) is the second response of this 

experimental plan. It represents the measurement of the 

microporosity of the enriched biochar. The iodine number 

(in mg.g-1) is the quantity in milligram of iodine adsorbed 

per gram of biochar enriched in an aqueous solution whose 

normality in iodine is 0.02 N according to AWWA B 600-78 

(AWWA, 1991). In a 100 mL beaker, 0.2 g enriched biochar 

previously dried at 110 ° C for 24 h was introduced. A 20 ml 

solution of iodine (0.02 N) is added and the mixture is 

stirred for 30 min before filtration on filter paper. Ten (10) 

mL of the filtrate is taken and placed in an Erlenmeyer flask. 
From the burette, a solution of 0.1 N sodium thiosulphate is 

gradually added to the Erlenmeyer flask containing the 

filtrate until the solution is completely discolored. The 

iodine number is given by the following formula: 
 

25,4 (20 )
. ( / )

n

ca

x V
I I mg g

m




 (1) 

With mcA (g) the mass of enriched biochar, and Vn (ml) 
the volume of sodium thiosulfate at equilibrium. 

 

Finally, the cationic exchange capacity (C.E.C.) is the 

last tested response on the enriched biochar obtained from 

the different mixtures. The cation exchange capacity is 
determined according to the standardized method AFNOR 

NFX 31-130 (AFNOR, 2000). The experimental setup 

consists of a 50 ml capacity glass column, inside which is 

installed a filtration device supporting a hydrophilic cotton. 

A mass of 2.5 g of enriched biochar is introduced into the 

column. The exchange sites of the enriched biochar are 

saturated by percolation with 75 mL of ammonium acetate 

(CH3COONH4, 1 mol.L-1, pH = 7). The enriched biochar is 

then rinsed with 75 g of ethanol to remove excess ions. After 

drying at room temperature for 24 h, the sample is stirred in 

50 mL NaCl (1 mol.L-1) for 1 h. The solution of this stirring 

is then filtered on Wattman paper (N°1,) and the ammonium 

exchanged contained in this solution is measured 

spectrophotometrically at 600 nm. 
 

E. Validation of response models 

Validation of the models of the different responses is 

performed using the different statistical formulae: adjusted 

coefficient of determination (R2 adjusted), absolute average 

deviation (AAD); the accuracy factor (Af) and the bias 
factor (Bf). The formulae are represented by the following 

equations: 
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F. Optimization by the desirability function 

One of the options for optimizing a process is the use of 

the desirability function (Del Castillo et al., 1996; Derringer 

and Suich, 1980; Harrington, 1965). The introduction of the 

desirability function was permitted to optimize the process 

of manufacturing enriched biochar. Individual desirability is 

calculated based on the maximization of each response. The 

global or composite desirability which represents the 

weighted geometric mean of individual desires. Individual 

desirability is calculated based on the maximization of each 

response according to the following equations: 

ˆ0i id y L  (6) 

    ˆ ˆ/
i

i i i i i i i id y L T L L y T      (7) 
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ˆ1i id y T  (8) 

 

with 
ŷi predicted value of the ith response; 

Ti target value of the ith response;  

Li lowest acceptable value of the ith 

response; 
di Desirability of the ith response; 
 

The global or composite desirability which represents 

the weighted geometric mean of individual 

desirabilities(Vera Candioti et al., 2014). It is calculated 

according to the following formula: 
 

  
1

iW W
iD d          (9) 

 

di Desirability of the ith response; 

D desirability composite 

wi importance of the ith response; 

W ∑𝑤𝑖 
 

G. Statistical analyzes 

The mixing plan, the modeling and the optimization are 
carried using Minitab software, version 18. 

 

III. RESULTS AND DISCUSSION 
 

A. Analysis of the three responses 

Table 2 presents the test matrix, associated responses and 

residue values. This table shows that the responses obtained 

are different for each experiment. This can lead to say that 

the different mixtures have different characteristics. 

Table 2: Test matrix and associated responses

 Trial Reals values  Response  Residues 

M1 M2 M3  pH I.I C.E.C.  pH I.I C.E.C. 

N° [g] [g] [g]   [mg.g-1] [cmol+.kg-1]   [mg.g-1] [cmol+.kg-] 

1 50.00 31.25 18.75  9.52 768.00 41.0  0.09 1.8 -0.76 

2 52.50 30.00 17.50  9.47 790.40 40.1  0.11 9.8 -1.21 

3 50.00 35.00 15.00  8.66 766.37 37.7  0.01 -2.2 0.39 

4 51.25 32.50 16.25  9.12 772.40 40.6  -0.12 -0.3 0.72 

5 52.50 32.50 15.00  8.71 798.30 36.7  -0.00 5.8 0.47 

6 51.25 31.25 17.50  9.40 771.40 40.9  -0.04 2.5 -0.63 

7 51.25 33.75 15.00  8.7 770.00 35.0  0.00 -4.6 -1.78 

8 53.75 31.25 15.00  8.78 820.33 35.2  0.15 -1.6 -0.42 

9 51.25 30.00 18.75  9.34 762.00 41.1  -0.01 -0.9 -0.65 

10 50.00 30.00 20.00  9.01 760.37 41.5  -0.05 -0.9 1.10 

11 50.00 32.50 17.50  9.54 762.37 41.0  0.06 -6.5 -0.70 

12 52.50 31.25 16.25  9.17 796.30 40.8  -0.01 8.8 1.31 

13 53.75 30.00 16.25  9.05 802.47 40.2  -0.00 -11.5 1.14 

14 55.00 30.00 15.00  8.38 866.33 34.5  -0.08 3.01 -0.48 

15 51.67 31.67 16.67  9.25 761.40 41.2  -0.08 -13.5 0.72 

16 50.00 33.75 16.25  9.20 780.33 41.0  -0.01 10.5 0.77 
 

M1: Ayous Sawdust’s mass; M2: Wak clay’s mass; M 3: Chicken manure’s mass; 

pH.: Hydrogen potential;I.I.: Iodine number; C.E.C.: Cation exchange capacity. 
 

The pH values of the various tests vary between 8.38 and 9.52, a variation of 11.22%. The biochar obtained after pyrolysis of 

all the different mixtures is basic. Although the alkaline character is found in most biochars derived from biomass of 

lignocellulosic origin(Anderson et al., 2021; Lange et al., 2018), this character seems to be reinforced in the presence of clay and 

chicken manure. These values are close to those obtained by (Chia Bhupinder et al., 2014) who mixed sawdust from Australia 

with different types of clay and poultry manure from this country. They are superior to those obtained by (Lange et al., 2018). 
This may be because their samples come only from sawdust from Canada. Iodine values range from 760.37 to 866.33 mg.g-1, a 

variation of 6%. This variation is small compared to the variation in pH. This can be explained by the small variations in the 

proportions of the different components incorporated in the mixture design (variation of 3.75% for the mass of Ayous and Clay 

and 4% for the mass of chicken manure.Although the different components are subjected to pyrolysis, heat has little impact on the 

variations of the iodine index (POWAR and GANGIL, 2015). At moderate temperatures, the iodine index is thus weakly 

influenced (Tan et al., 2017; Zhong et al., 2012). 
 

The cation exchange capacity of the tests varies between 34.5 and 41.5 cmol+ kg-1, a variation of 20.28%.This variation is 

two to three times higher than the variation of pH and iodine value respectively. Thus, pyrolysis affects the cation exchange 

capacity more strongly than the other two responses studied (Lago et al., 2021); (Munera-Echeverri et al., 2018). 
 

B. Validation of the models of the different answers 

Table 3 presents the values of different quantities that were used to validate the model. Although the coefficients of 

determination for all responses are not greater than 95%, we can validate the model. This is justified by the fact that the other 

conditions are close to zero; even zero for the iodine value. The bias factor and the accuracy factor are also between 1 and 1.005. 
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Tableau 3: Model’s validation

Response Fitted R2 [%] AAD Bf Af1 

pH 92.85 0.02 1.02 1.02 

I.I [m2.g-1] 90.81 0.000 1.00 1.00 

CEC [cmol+.kg-] 79.21 0.005 1.005 1.005 

Fitted R2= fitted Regression coefficient; AAD= Absolute average deviation; Bf= Biais factor; Af1= Accuracy factor; pH.; I.I.: 

Iodine Index; C.E.C.: Cation exchange capacity. 
 

C. Modelling the different response 

 Modelling the response "pH" 

The mathematical model resulting from the response (pH) is as follows: 
 

1 2 3 1 2 1 3 2 38.46 8.64 9.02 0.62 2.35 2.47pH X X X X X X X X X     
               

(10) 

 

This model is of quadratic type with interaction. It is 

noted that all the components taken alone positively 

influence the pH of the enriched biochar. The contribution 
of chickenmanure is higher, followed by that of clay (Table 

3). This can be explained by the fact that, in general, chicken 

manureare basic and hens also peck mineral particles for 

digestion. Of most biomass type, chicken manure would 

have one of the most basic biochars (Lange et al., 2018). All 

interactions taken in pairs are also positive. Table 4 also 

presents the probability values and values of the variance 

inflation factor for pH. This table reveals that for the pH, the 

effect of all the constituents and the different interactions 

has a significant probability because less than 0.05 except 
the sawdust-clay interaction. The sawdust-clay interaction, 

however, is retained in the model at high contributions from 

sawdust and clay when evaluated separately. The variance 

inflation factor, which is between 2.35 and 2.42, also 

qualifies the experiment as fairly robust because the IVF is 

less than 10. 

 

Table 4: Regression coefficients, p value and VIF ofpH 

Componentsand interactions Coeff. p value VIF 

Sawdust =X1 8.46 0.000 2.42 

Clay =X2 8.64 0.000 2.42 

Chicken manure =X3 9.06 0.000 2.42 

Sawdust* Clay =X1*X2 0.62 0.090 2.35 

Sawdust*Chicken manure =X1*X3 2.35 0.000 2.35 

Clay* Chicken manure = X2*X3 2.47 0.000 2.35 

Coeff= coefficient; p=probability; VIF= Variance Inflation Factor 
 

Figure 3 shows the pH mixing contour graph. Mixtures 
with a high pH are those rich in manure, followed by clay. 

The top of the triangle has compositions that are rich in 

sawdust but have a lower pH. The cox diagram (Fig. 4) 

associated with the mixing plane shows that overall the 

increase in pH is related to the increase in the proportion in 

chicken manure. This could be explained by the fact that the 
manure initially have a higher pH than the other 

components. The chicken manure is rich in nitrogen and 

minerals. This initial potentiality would also be less 

influenced by the pyrolysis temperature. 

  
Fig. 3: Iso-response curveof pH         Fig. 4: Cox diagram on the pH of the components 
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D. Modelling the "Iodine Index" response 

The mathematical model that follows from the analysis of the iodine index is as follows: 

1 2 3 1 2 1 3 2 3. 863.32 768.64 761.28 94.2 126.9 16I I X X X X X X X X X       (11) 

 

For the iodine index, the model is quadratic with 

interaction. This model reveals that three components and 

clay-manure Interaction positively influence the iodine 

index. This is not the case for the sawdust-clay interaction 

and the sawdust-manure interaction. 
 

Table 5 presents the evaluation of the regression 

coefficients for the iodine index. This table reveals that for 

the iodine index (I.I.), the effect of all the constituents and 

the sawdust-clay and sawdust-chicken manure interactions 

have a significant probability because the probability values 

p is less than 0.05. The clay-chicken manure interaction has 

a non-significant probability but remains important because 

of the significant influence of two components taken 

separately. The variance inflation factor, which is between 

2.35 and 2.42, also qualifies the experiment as fairly robust 

because the VIF is less than 10. 

 

Tableau 5:Regression coefficients, p value and VIF OF Iodine Index 

Components and interactions Coeff. p value VIF 

Sawdust =X1 863.32 0.000 2.42 

Clay =X2 768.64 0.000 2.42 

Chicken manure =X3 761.28 0.000 2.42 

Sawdust * Clay =X1*X2 -94.2 0.012 2.35 

Sawdust*Chicken manure =X1*X3 -126.9 0.002 2.35 

Clay* Chicken manure = X2*X3 16.0 0.616 2.35 

Coeff= coefficient; p=probability; VIF= Variance Inflation Factor 
 

Figure 5 shows the mixing contour graph of the iodine 

number (I.I.). High iodine number values are obtained when 

the mixture has a high sawdust composition. The other two 

components have an equal influence on iodine values. The 

cox diagram (Fig. 6) associated with the mixing plane shows 
that overall the increase in the proportion of sawdust 

increases the iodine number. This could be explained by the 

fact that the effect of the pyrolysis temperature, the 

component richest in carbon (here sawdust) reacts positively 

by developing micropores. This is not the case for chicken 

manure and clay. 

 
 

Fig. 5: Iso-response Curve of Iodine Index Fig. 6: Diagram of cox on the iodine index of the components 

  

 Modelling the response "Cation exchange capacity" 

The cation exchange capacity presents the following mathematical model: 

1 2 3 1 2 1 3 2 3. . 34.9 36.36 41.29 4.43 16.12 4.26C E C X X X X X X X X X       (12) 
 

It is a mathematical model of quadratic type with three 

components and three interactions. This model reveals that 

sawdust, clay and chickenmanure and all interactions 

positively influence the cation exchange capacity. Of three 

components, manureis the components that strongly 

influence cation exchange capacity, followed by clay and 

sawdust. This can be explained by the fact that the 

manurecontains organic fractions close to the humins which 

have a high cation exchange capacity. If the influence of the 

clay is inferior to the manure, this can be explained by the 

type of clay used. Indeed, the clay of Wak is of kaolinite 

type. Kaolinite has only two layers and has a low cation 

exchange capacity compared to other types of clay. The 

three components associated during pyrolysis make it 

possible to obtain mixtures with a high cation exchange 

capacity because the three components interact in synergy. 
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The sawdust-manure and clay-manure interactions act more 

strongly on the cation exchange capacity than the sawdust-

clay interaction. 

Table 6 shows that for the cation exchange capacity 

(CEC), the effect of all constituents and the sawdust-clay 

interaction have a significant probability because their 

probability values are less than 0.05. The sawdust-Clay and 

the clay-chicken interactions have a non-significant 

probability but remains important because of the significant 

influence of two components taken separately. The variance 

inflation factor, which is between 2.35 and 2.42, also 

qualifies the experiment as fairly robust because the VIF is 

less than 10. 

 
Tableau 6: Regression coefficients, p value and VIF of the cation exchange capacity 

Components and interactions Coeff.  p value VIF 

Sawdust =X1 34.59 0.000 2.42 

Clay =X2 36.36 0.000 2.42 

Chicken manure =X3 41.29 0.000 2.42 

Sawdust * Clay =X1*X2 4.43 0.368 2.35 

Sawdust*Chicken manure =X1*X3 16.12 0.006 2.35 

Clay* Chicken manure = X2*X3 4.26 0.386 2.35 

Coeff= coefficient; p=probability; VIF= Variance Inflation Factor 
 

Figure 7 shows the mixing contour graph of the cation 

exchange capacity (C.E.C). The cox diagram (Fig. 8) 

associated with the mixing plane shows that overall, the 

increase in the proportion in manure increases the cation 

exchange capacity. Rich in substance close to humins, 

chicken manure greatly increase the cation exchange 

capacity of enriched biochar. 

  
Fig. 7: CEC iso-response curve Fig. 8: Cox diagram on the CEC of the components 

 

E. Identification of the optimal production zone of enriched 

biochar 

The aim of this identification is to obtain an optimal 

zone. The overall optimization of the three responses can be 

done by superimposing the isometric response curves of the 

three constituents. Figure 9 shows the optimal zone (shown 

in white) and the non-optimal zone (shown in red). The 

optimal zone is the area where the goals of all three 

responses are achievable. The non-optimal zone is the area 

where, at least, one of the objectives of the three responses 

is not feasible. 
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Fig. 9: Optimal (white) and non-optimal (dashed and red) zone of enriched biochar production 

 

F. Optimization of the responses 
Optimization of the responses was performed under the 

following conditions as shown in Table 7. If the weighting is 

the same for the three answers, this is not the case for the 

importance of the answers. We have tripled the importance 

of cation exchange capacity and doubled the importance of 

pH versus iodine value. Such a choice is justified by the fact 

that, intentionally, we want to obtain a biochar which in 

some cases can be used in the bioremediation of heavy 
metals in polluted soils and in other cases to be used as an 

amendment in poor soils. The low importance attributed to 

the iodine value is justified by the fact that it gives only an 

idea of the microporosity of the studied material. The choice 

of a very low weighting (0,1) is dictated by the fact that we 

want to attribute a low importance to the target of each 

response. This is in order to have a fairly large optimal area.
 

Table 7: Optimization conditions 

Responses Target Low target Upper Ponderation Weight 

pH Maximum 8.46 9.06 9.06 0.1 2 

I.I [m2.g-1] Maximum 761 863 863 0.1 1 

CEC [cmol+.kg-1] Maximum 34.98 40.39 420 0.1 3 

pH= Hydrogen potential; I.I.= Iodine Index; C.E.C.= Cation exchange Capacity. 
 

One of the representation of the graphical optimization 

diagram is that of desirability(Bezerra et al., 2008; Myers, 

R.H,; Montgomery, 2009). The optimization diagram 

illustrates the effect of each response on the average 

geometric deviations (Figure 10). The bold and dashed 

vertical lines and the corresponding (bracketed) values 

indicate the optimal component levels. The horizontal lines 

(in bold and in solid lines) and the values of the answers 

(denoted y) correspond to the average geometric deviations 

compared to the levels of the optimal components found. 
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Fig. 10: Optimization diagram by the desirability function 

 

Desirability values are 0.96 for pH, 0.83 for iodine 

value and 0.97 for cation exchange capacity. These values 

are close to 1, except for the desirability value of the iodine 

number. The composite desirability is 0.94 and is close to 1. 

This indicates that the components appear to achieve 

favorable results for all responses as a whole. The composite 

desirability is greater than the individual desirability of the 
iodine value. Indeed, we have tripled the importance of the 

cation exchange capacity and doubled the importance of the 

pH compared to the iodine index. Of all the responses, the 

components are more efficient at maximizing the cation 

exchange capacity than for the other two responses. This can 

be explained by the fact that there is a synergetic effect and 

that the clay powders and hog manure agglomerate 

effectively on the sawdust. 
 

IV. CONCLUSION 
 

The different proportions of components and their 

chemical composition make it possible to obtain different 

responses from the enriched biochar. The components as 

well as most of the interactions are possible on the responses 

studied except the microporosity. The desirability function 

allows the optimal composition of the various constituents 

of the enriched biochar. Enriched biochar implementations 

on soils polluted with heavy metals or on poor soils are 

necessary to appreciate the proposed biochar. 
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