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Abstract
This study focuses on the potential use of apatitic materials grafted with ami-

notrimethylene phosphonic acid (HAp-AMP) at different grafting rates (0%, 
2.5%, 5%, and 10%) as basic yellow dye adsorbents 28. These apatitic materials 
were prepared by a precipitation process at 25 °C in an aqueous medium accord-
ing to the rapid neutralization of calcium hydroxide (Ca(OH)2) by ammonium 
dihydrogen phosphate (NH4H2PO4). The synthesized materials were character-
ized by various analytical techniques to determine physicochemical properties 
such as XRD, FTIR, BET, respectively. Design-of-experiments study of the ad-
sorption process of basic yellow dye 28 on the synthesized powder with the high-
est adsorbed dye content. For this we chose the material (HAp-AMP 10%) as 
a representative model. This study was carried out by applying a factorial design 
using Design-Expert software to distinguish among three factors (concentrations 
of basic yellow 28, contact time between adsorbent and adsorbate, and pH) those 
currently considered to be potentially influential. The results show that the ad-
sorption capacity of adsorbent towards the cationic dye was 31.38 mg/g obtained 
at 298 K with an initial concentration of 75 mg/L, a contact time of 67 min 
and while pH had no significant impact on adsorption compared to the other 
parameters.
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Abbreviations
HAp: Hydroxyapatite; AMP: Aminotrimethylene phosphonic acid; HAp-

AMP: Hydroxyapatite grafted by aminotrimethylene phosphonic acid; XRD: 
X-ray diffraction; FTIR: Fourier-transform infrared spectroscopy; BET: Brunau-
er-Emett-Teller; UV-Vis: Ultraviolet-Visible spectroscopy; ANOVA: Analysis 
of variance; df: Degrees of freedom; Std Dev: Standard deviation; Root MSE: 
Root-mean-square error; CV: Coefficient of variation.

Introduction
The significant chemical sector is the dye business, textile fibers, paper, leath-

er, fur, wood, polymers, and elastomers can all be printed or dyed using dyes. Ad-
ditionally, they serve as coloring additives in culinary and medicinal items as well 
as being used to produce paints, printing inks, and varnishes [1]. In the cosmetics 
sector, metal coloring (Anodized aluminum), photography (Sensitizers), biology 
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were dissolved in 200 ml water (Solution 1). Reaction mixture 
was stirred for 90 min at room temperature. During the prepa-
ration of a mass of 13.80 g of NH4H2PO4 dissolved in 100 
ml water (Solution 2). The AMP grafting agent was added to 
that of solution 2 in variable proportions (0%, 2.5%, 5%, and 
10%). Solution 2 was added rapidly to the calcium solution 
then stirred for 48 h. The final suspensions were filtered and 
washed with deionized water, then dried overnight at 100 °C. 
All used materials are nanoscale materials.

Characterization of HAp and HAp-AMP
Characterization of the products prepared at different 

grafting rates and dried at 100 °C by XRD, FTIR analysis, 
and BET method was performed according to our previously 
reported protocol [20].

XRD

The XRD analysis was performed on powder under ambi-
ent conditions of temperature and pressure in order to identify 
the different crystalline phases. The X-ray diffractometer used 
is a Philips PW131 equipped with a copper anticathode (λ = 
1.5454Å) in the 2θ range from 10 to 90° and driven by a com-
puter for data storage and processing.

FTIR

The IR spectra are recorded with a Fourier transform 
spectrometer VERTEX 70, the experiment showed that cer-
tain frequencies of vibration were characteristic to the pres-
ence of a chemical group in the studied molecule. The spectral 
range studied extends from 4000 cm-1 to 400 cm-1 with a res-
olution of 2 cm-1

BET

The theory of BET aims to determine the specific surface 
of materials prepared with a Micromeritics ASAP2010 appa-
ratus at 77 K.

Preparation and analysis of adsorbate solutions

The stock solution of basic yellow dye 28 is prepared by 
dissolving the required mass of basic yellow in 1L of solution, 
without prior purification. The daughter solutions are prepared 
by successive dilutions of the stock solution to obtain 100 ml 
of solutions ranging from 5 mg/L to 100 mg/L. The adsorbate 
solutions before and after adsorption are analyzed by UV-Vis; 
UV-3100pc spectrophotometry at λmax = 425 nm. The concen-
trations are then deduced from the Beer-Lambert law A = εℓC 
[21]. With: A:  absorbance of the solution; ε: molar absorption 
coefficient of the substance (L.mg-1.cm-1); ℓ: optical path length 
(cm); and C: the concentration of the substance (mg/L). The 
calibration is performed for concentrations of 5 to 20 mg/L.

Adsorption process of basic yellow 28 by apatites

The adsorption process of the dye on the apatite is fol-
lowed by studies of various variables. In our work we choose to 
vary parameters which have a greater impact for the increase 
of adsorption rate this is why we worked on parameters (Initial 
concentration of the dye, pH, and contact time) are chosen as 
independent input variables and quantity of basic yellow 28 
adsorbed as dependent response variable. The process of ad-

(Coloring of microscopic preparations), color indicators, and 
some are employed in medicines (Antiseptics, antimalarials, 
etc.) How to get rid of these dye leftovers has been the sub-
ject of extensive research in recent years. One of the dyes that 
is most frequently used on an industrial basis is basic yellow 
28. The previous few decades have seen advancements in the 
treatment of industrial effluents, particularly textiles. Both the 
environment and human health are under danger from these 
effluents, which include this contaminant. Treatment of these 
substances is regarded as a contemporary global concern be-
cause of their toxicity, carcinogenicity, and mutagenicity [2].

The majority of this research has been focused on using 
biomaterials because of how well they work to cut down 
on environmental pollutants. These include flotation [3], 
precipitation [4], ion exchange [5], liquid-liquid extraction [6], 
photocatalysis [7], adsorption, etc. The latter is increasingly 
used due to its efficiency in the reduction of mineral 
micropollutants. 

Adsorption intends to utilize adsorbents of organic 
origin, including activated carbon and bio-adsorbents [8, 9], 
as well as adsorbents of mineral origin, such as silicates [10], 
natural zeolites [11], natural clays [12]. Despite the fact that 
these adsorbents are exceedingly effective, their application is 
limited by their expensive cost [13]. For this reason, a number 
of researchers have concentrated their study on the creation of 
more affordable and alternative adsorbents.

The ability of calcium phosphate to act as an adsorbent and 
remove a variety of pollutants has recently been demonstrated 
by numerous studies [14-18]. In addition to having excellent 
biocompatibility and adsorption properties, nanocrystalline 
HAp Ca10(PO4)6(OH)2 is also considered to be a cost-effective 
adsorbent that can better retain the discharges of residual dyes 
like basic yellow 28 present in some textile industries. This 
biomaterial also has good cytocompatibility because it poses 
no environmental risk.

In this sense, we have focused our study on the treatment 
of water by adsorption on these biomaterials, for which we have 
chosen the basic yellow 28 in view of its permanent risks on the 
environment and human health according to its toxicity even 
at low dose [2, 19].

The aim of this work is to study the influence of the 
variation of the important parameters that can impact on the 
adsorption yield (Initial concentrations of adsorbate, contact 
time between solute and adsorbate, and pH effect) in order to 
know the optimal conditions to obtain a maximum adsorption 
of basic yellow 28 by HAp and HAp-AMP according to 
the factorial plan method with the help of Design-Expert 
software.

Materials and Method
Materials

The synthesis of porous HAp and HAp-AMP was made 
by the wet process according to the method of neutralization 
of Ca(OH)

2 by NH4H2PO4 in water medium. according to our 
procedure already reported [13] in short. 14.82 g of Ca(OH)

2 
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at which the experimental samples were taken from the shaker.

Results and Discussion
XRD

The XRD pattern of HAp is shown in figure 1. The lines 
of the XRD pattern have all been indexed in the hexagonal 
space group system P6 3 /m with crystal parameters of a = 9.432 
Å and c = 6.883 Å. 

We note that the XRD lines are relatively broad and that 
only the most intense lines are observed, whose intensity 
decreases as the grafting rate increases. XRD analysis showed 
that the incorporation of different levels of aminophosphonate 
leads to no alteration in apatite structure. The grafted 
apatites thus prepared are all weakly crystallized, so the low 
crystallinity of these apatites modified by AMP molecules 
enables us to identify the presence of small crystals. We note 
that modification of the HAp surface by AMP leads to no 
change in the crystalline phase of the HAp.

FTIR analysis

Following the IR absorption spectra of the prepared apa-
tites in figure 2. The IR absorption bands are shown in table 3, 
which reveals the absorption bands assigned to the PO4

3- and 
OH- groups of the apatite lattice.

The vibrational bands of the PO4
3- groups of the apatite 

structure were detected by two absorption intervals located 
between 1100 - 900 cm-1 (In particular the bands located 
at 1090, 1030, and 962 cm-1) and 600 - 500 cm-1 (Precisely 
those located at 603 and 565 cm-1) with a slight shift towards 
high frequencies depending on the rate of grafting. This 

sorption of the dye onto the apatite is carried out by contact-
ing 200 mg of the apatite under study in 10 ml of the desired 
100 mg/L solution of basic yellow 28 at a temperature of 298 
K. The mixture is stirred at 500 rpm. Which will be analyzed 
by UV-Vis spectroscopy. The adsorbed quantities (qa) were cal-
culated as the difference between the initial (C0) and final (Ce) 
concentrations according to the following equation [12]:

0 . e
a

C Cq V
m
−

=

Where, qa: quantity of basic yellow 28 adsorbed per unit 
mass of adsorbent (mg/g), C0: initial concentration of the dye 
(mg/L), Ce: residual concentration of basic yellow 28 at equi-
librium (mg/L), V: volume of the solution (L), and m: mass of 
the adsorbent (g).

Design and optimization

Software developed by some researchers was used to an-
alyze the impacts of varying experimental factors (Initial dye 
concentration studied, contact time, and pH) on basic yellow 
28 dye by HAp-AMP 10% as a representative model. Because 
it has the highest adsorbed quantity. All experimental tests 
were performed according to Design-Expert 11 design matrix. 
Each factor has three levels, indicated by -1 for lowest, and +1 
for highest (Table 1).

The matrix used in this study had 20 runs. All experiments 
were performed at room temperature. Table 2 shows the times 

Table 1: Variable levels for Design-Expert 11 software.

-1 +1

Initial concentration (mg/L) A 10 270
Contact time (min) B 5 250
pH C 4 12

Figure 1: XRD patterns of prepared apatites.

Figure 2: FTIR spectra of HAp-AMP apatites.

Table 2: Plan matrix used in the present study.

Run
Factor 

1: A 
(mg/L)

Factor 
2: B 

(min)

Factor 
3: C

Response: R 
Quantity Ad-
sorbed (mg/g)

1 15.2 140.368 7.59096 8
2 15.2 140.368 7.59096 8
3 153 9.9 7.6 53
4 153 9.9 7.6 53
5 10 5 12 5
6 185.5 174.05 6.6 58
7 153 140.551 11.84 56
8 153 9.9 7.6 53
9 90.6 250 8.56 57
10 153 140.551 11.84 56
11 270 5 12 62
12 153 140.551 11.84 56
13 90.6 115.25 4 56.5
14 10 5 4 5
15 10 250 12 6.9
16 270 96.875 4 65
17 270 85.85 8.52 65
18 107.5 250 4 50
19 270 250 4 65
20 270 250 9 62
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frequency shift is related to structural disorder and the nature 
of the organic (C-P-O) or inorganic (O-P-O) phosphorus 
bond. Other low intensity bands at 1540, 1480, 1450, 1416, 
and 875 cm-1 correspond unambiguously to the vibrational 
modes of CO3

2- carbonates and other carbonyl groups. Some 
bands attributable to the vibration of the low intensity N(-
CH2-PO(OH)2)3 phosphonate oscillators are observed in 
conjunction with the increase in the rate of grafting, in 
particular the band around 1486 cm-1 which is due to the 
C-P vibrator, although that of N-C is covered by the bands 
associated with carbonates and phosphates. Moreover, the 
characteristic absorption bands of the vibrational frequencies 
of OH- ions in the apatite lattice are located at 3560 and 630 
cm-1.

BET method

The aim of this method is to determine specific surface 
areas, volumes and pore diameters based on the principle of 
adsorption-desorption of nitrogen gas (Figure 3).                                                                                                            

According to the results of the specific surface areas, pore 
volumes, and diameters of hybrid apatites compared with 
those of reference apatites (Table 4).

The specific surface area values of prepared apatites 

grafted with aminophosphonate decrease as a function of 
the grafting rate due to the structural arrangement of the 
aminophosphonate in the solid surface. which can be explained 
by the fact that the graft is voluminous [22].

Optimization of the adsorption process

Final equation in terms of coded factors

We can use a real equation of the actual factors to forecast 
the reaction to particular amounts of each factor. 

The mathematical model coded with 20 factorial levels is 
indicated by: 

Quantity Adsorbed = 10.2784 + 0.547856 * A + 0.0552019 * 
B - 2.76662 * C - 0.000132463 * A * B + 0.002251 * A * C - 
0.00121747 * B * C - 0.00121478 * A2 - 1.03634e-05 * B + 
0.125533 * C2

The above equation is used to establish the relative impact 
of the factors by comparing the coefficients of the factor. In 
this context. A has the greatest impact in this experiment 
because it has the largest coefficient, and we find that B is 
more influenced than C based on the comparison between 
their coefficients.

ANOVA

Further analysis of the elimination efficiency model 
equation can be performed using the ANOVA component of 
the software to check model significance and fit (Table 5). The 
p-values of the response model terms are less than 0.05 and 
the F-value is 27.34, respectively.

Fixed effects

The column labeled “df ” indicates the degrees of 
freedom for each source. In response to the surface 
methodology, the total degrees of freedom are the same 
as the number of model coefficients added sequentially 
row by row. P-values less than 0.05 mean that the model 
expressions are significant and higher F values indicate 
that the model term has the most significant effect on 
the response function. In this case. A is a more significant 
model term [23].

Fit statistics

According to the statistics modeling. The different 
parameters and constants must be   calculated such as [24]:

•	 The Std Dev and the square root of the residual mean 
square (Root MSE).

•	 In analysis the overall average of all response values 
(Mean).

•	 The CV is used to calculate the rate of the mean.

Table 3: FTIR absorption bands of prepared apatites.

Position of the absorption 
bands FTIR in cm-1 Band intensities Attributions

3560 Weak OH-
1540 Weak CO3

2−

1480 Weak CO3
2-

1450 Weak CO3
2-

875 Weak CO3
2-

1090 Strong PO4
3-

1030 Very strong PO4
3-

962 Weak PO4
3-

630 Medium OH-

603 Strong PO4
3-

565 Strong PO4
3-

Figure 3: N2-sorption isotherms for pure apatite (HAp) and organo-ap-
atites powders.

Table 4: Specific surface areas, volumes, and pore diameters of hybrid 
apatites compared with   reference apatite.

HAp-AMP

0% 2.5% 5% 10%

SBET(m2.g-1) 120 159 122 92
Dp (nm) 11 2.2 and 9.5 2.0 and 10.3 1.8 and 9.5
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•	 The R-squared used to represent the variation of the 
mean that has been attributed to a model.

•	 The adjusted R-squared used to represent the variation 
and changes around the mean that was explained by the 
model, and which was adjusted for the number of terms 
in the model.

Table 6 shows that the predicted R2 value of 0.7547 
showed that the model was adequate and offered 75.47% vari-
ability in the prediction of removal efficiency during adsorp-
tion of basic yellow dye. The R2 value of 0.9609 also implies 
that 96.09% of the variation in removal efficiency and adsorp-
tion capacity respectively can be attributed to the three factors 
considered. The difference between adjusted and predicted R2 
values was less than 20% [25].

This confirms that the response model is highly signifi-
cant and indicates good agreement between experimental and 
predicted values of basic yellow removal efficiency.

The adequate response precision is greater than 4.0, im-
plying that the model is in good agreement and highly signif-
icant [26].

Optimization of the adsorption process

The optimization of the different parameters used during 
the adsorption process the initial concentration of basic yel-
low 28, the contact time, and pH. This adsorption procedure 
is based on dissolution-precipitation of the prepared apatites. 
The response of this optimization was illustrated in figure 4 
following the desirability function method of HAp-AMP 
10%.

The optimum operating conditions for the adsorption of 
basic yellow 28 using grafted apatites were as follows: A- ini-
tial concentration of dye to 75 mg/L; B- contact time of 67 

min, while pH has no significant impact on adsorption com-
pared to other parameters. By setting these factors. We will 
obtain a quantity adsorbed of removal            of the basic yellow 28 
equal to 31.38 mg/g.

Comparison of the apatite with other reported adsorbents

HAp-AMP 10% was compared with other materials 
according to the maximum adsorbed amount qmax of the basic 
yellow dye 28 to establish a comparative study and evaluate the 
adsorption performance (Table 7).

Table 5: Results of variance analysis (ANOVA).

Source Sum of squares df Mean square F-value p-value
Model 9794.75 9 1088.31 27.34 < 0.0001

Significant

A-A 6799.62 1 6799.62 170.80 < 0.0001
B-B 88.76 1 88.76 2.23 0.1663
C-C 56.75 1 56.75 1.43 0.2601
AB 24.78 1 24.78 0.6225 0.4484
AC 7.47 1 7.47 0.1876 0.6741
BC 1.85 1 1.85 0.0465 0.8335
A² 1673.40 1 1673.40 42.03 < 0.0001
B² 0.0982 1 0.0982 0.0025 009614
C² 16.80 1 16.80 0.4219 0.5306

Residual 398.10 10 39.81
Lack of fit 398.10 5 79.62
Pure error 0.0000 5 0.0000
Cor total 10192.85 19

Table 6: Modeling statistics.
Std Dev 6.31 R² 0.9609

Mean 45.02 Adjusted R² 0.9258
C.V. % 14.01 Predicted R² 0.7547

Adeq Precision 14.5759

Table 7: Comparison of the maximum monolayer adsorption of basic 
yellow 28 onto various adsorbents.

Adsorbent Adsorption capacity 
(qmax)

Ref.

Our study (HAp-AMP 10%) 31.38 mg/g This study
Watermelon seeds treated 57.88 mg/g [27]

Conch shells 78.22 mg/g [28]
New activated carbon 

(Wormwood) 357.142 mg/g [29]

Amberlite XAD-4 8.7 - 14.9 mg/g [30]
Coffee grounds 10 mg/g [31]

Figure 4: Optimized response.
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In this study, the adsorption capacity of our HAp-AMP 
10% adsorbent was not among the highest obtainable. But it 
represents a significant value compared with Amberlite XAD-
4 and coffee grounds.

Conclusion
In this study, we have shown that it is possible to 

obtain HAp-AMP that could be good supports for the 
decontamination of industrial effluents, manifesting 
themselves with very fine particles that we have been able to 
prepare using a suitable method, having large specific surface 
areas compared with the reference. In addition. We concluded 
that the addition of AMP to the apatitic matrix inhibited 
apatite crystal growth. The main aim of this work was to 
demonstrate the influence of certain essential parameters on 
the retention capacity of our pollutant in the aqueous medium 
of basic yellow 28. It also aimed to identify the optimum 
conditions for maximum adsorption using an experimental 
design based on Design-Expert 11 software. As a result, we 
can say that the maximum removal of 31.38 mg/g of dye 
was obtained for an initial concentration of 75 mg/L and a 
contact time of 67 min and for pH has no significant impact 
on adsorption compared to other parameters. In this research, 
it could be concluded that HAp-AMP has a high potential for 
removing basic yellow dye 28 from aqueous media.
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