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Abstract: Solvothermal method was used for preparation of AL-MIL-53 MOF and 

modified by different amounts of sulfamic acid (SA= 15, 25, 30, 50, and 60%) by 

impregnation method. MOFs were characterized by Fourier transform infrared 

spectrometry. This technique confirmed successful loading of sulfamic acid onto Al-

MIL-53. The prepared samples were applied to the adsorption of Congo red dye (CR) 

from wastewater. The amount of adsorption increases by increasing amount of SA till 

reaches to 25%SA/MIL-53. After this percent of SA, the amount of adsorption 

decreases. It was obvious that the best adsorption occurs at pH=2. The isotherms and 

kinetics data were represented by Langmuir adsorption isotherm and pseudo 2nd order 

kinetic model.  
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1.Introduction

Metal organic frameworks (MOFs) consist 

of interaction between metal ions and organic 

ligands to form different dimensional 

framework [1–3]. Omar Yaghi synthesized the 

first MOFs in the mid-1990 and start to develop 

a compound which could be designed with a 

variety of metal ions and organic compounds[4-

5]. MOFs attract attention due to their unusual 

and unique properties and structure. MOFs are 

crystalline, porous , large surface area, and has 

many structures [6,7]. MOFs were used in 

various application such as adsorption [8–10], 

separation [9,10] sensing [13], catalysis [14], 

and proton conduction [15], as well as  

photocatalysis [16], and biocatalysis [17]. 

Room temperature [4], solvothermal, 

hydrothermal [18], electrochemical (EC) [19], 

microwave (MW) irradiation and 

ultrasonication methods [20] are used for 

preparation of MOFs. 

Aluminium (III) terephthalate (AL-MIL-53) 

exhibits exceptional structural stability in 

aqueous solution [21], high thermal stability, 

low-cost and available raw materials. MOFs 

have the relatively high surface area and also 

has ability to resistant moisture [22]. MOFs can 

be modified by the addition of heteropoly acid, 

mineral acid or metal nanoparticles through 

different methods [23]. Sulfamic acid (SA, 

H2NSO3H) is an example of inorganic acid 

which has mild acidity. SA has various 

properties such as non-volatile, noncorrosive, 

and physical stability. It has no solubility in 

organic solvents and has zwitter ion property 

when existing in the form of solid state [23, 

[24]. 

Contamination of water caused by dyes and 

heavy metal attract great interest due to their 

harmful effect. Many organisms and marine 

communicates are exposed to poison effect 

from this contamination [25]. There are 

different methods for removing contamination 

biologically, chemically and physically. In 

biological methods, many organic compounds 

are degraded using microbial degradation. A 

chemical method such as coagulation and 

flocculation [26] and adsorption [27] . A 

physical method such as membrane separation 

[28] and adsorption.  Adsorption is the most 

effective way due to its cheap price and simple 

design. It is also operated easily [29].  Congo 

red (CR) is an example of anionic dye which 

has many applications in industries such as  

printing , dyeing, rubber and etc. [30]. CR also 

has effect on clotting of bloodand may lead to 

problems in  respiratory system [31]. So it is 

very important to remove CR. 

In this search, AL-MIL-53 was prepared by 

solvothermal method and different amount of 

sulfamic acid was added by using the 

impregnation method and characterized by FT-
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IR .The prepared samples were applied as an 

adsorbent for removal of CR. The effects of 

pH, time, adsorbent dose and initial 

concentration were studied .The parameters of 

adsorption isotherms and adsorption kinetics 

were also determined.  

2. Experimental 

2.1 Materials 

All starting materials and solvents applied in 

this study were used are available: aluminium 

(III) chloride [ALCl3, 98%, ALPHA], 1,4 

benzenedicarboxylic acid (known as 

terephthalic acid, C8H6O4, 98%, ALPHA ) and 

N,N-dimethyl formamide (known as DMF, 

(CH3)2N-CHO, 99.5%, ADWIC), sulfamic acid 

[H3NSO3, 98.5%], and Ethanol [C2H5OH, 

≥99.5%, ALAMIA]. 

2.2. Preparation of AL-MIL-53 

The AL-MIL-53 was prepared by a 

solvothermal method as reported [32]. A 

mixture of ALCL3 (2 mmol, 532 mg), 1, 4 

benzene dicarboxylic acid (1mmol, 332 mg) 

and 35ml DMF was sonicated and stirred for 30 

min. The mixture was put into a Teflon-lined 

autoclave bomb and put in an oven for 24 h at 

150°C. The suspension left to cool then was 

centrifuged and washed with DMF to remove 

excess of terephthalic acid encapsulated inside 

pores then dried at 100 °C overnight. 

2.3. Synthesis of wt% sulfamic acid/AL-

MIL-53. 

Sulfamic acid (SA) was added onto AL-

MIL-53 by impregnation method. 1gm of AL-

MIL-53 in 20ml ethanol was sonicated and 

mixed with the calculated amount of SA in 10 

ml ethanol under vigorous stirring then made 

was refluxed at 100 °C for  24 hrs. Then, the 

product was washed with ethanol and dried in 

100ºC overnight. The amounts of sulfamic acid 

were added to get (15, 25, 30, 40, 50 and 60 wt 

%) SA-MIL-53. 

2.4. Adsorption of Congo red.  

AL-MIL-53 and SA-AL-MIL-53 were 

carried out for adsorption of Congo red. 0.05gm 

of sample was added to 50 ml solution of the 

dye with different initial concentration ranged 

from 50 to 300 mg L
-1

 (ppm). 0.1M HCl or 

0.1M NaOH was used for adjusting the pH. The 

bottles were shaken for the required adsorption 

time. The equilibrium concentrations of Congo 

red were measured by using spectrophotometer 

(λmax =497nm). 

3. Results and discussion 

3.1. FT-IR analysis 

FT-IR of all prepared samples were analysed 

by using FT-IR spectroscopic technique on 

Nicolet magna-IR 550 spectrometer with 128 

scans and 4cm
-1

 resolution in the mid-IR region 

ranged from 400-4000 cm
-1

. FT-IR spectra of 

the prepared AL-MIL-53 and SA-AL-MIL-53 

are shown in Fig.1. The spectra display 

characteristic peak in the range of 1400-1700 

cm
-1

 indicating the vibration of (C=C) of the 

aromatic ring. Also, asymmetric stretching 

vibration of –COOH appears at bands 1511 and 

1600 cm
-1

 whereas 1416 cm
-1

 and 1438 cm
-1

 

bands are due to symmetric stretching of –

COOH. The bands appeared in 1276 cm
-1

 and 

1131 cm
-1 

for all the samples are related to C-O 

vibration [33]. Whereas, the broad band at 730-

1100 cm
-1 

is related to stretching vibration of C-

H  in aromatic ring and band at 1023 cm
-1

 

corresponds to the presence C-O-AL [34]. A 

broad band around 3450 cm
-1

 is due to the 

stretching vibration of O-H from water or 

carboxylic group and also the band appears at 

478 cm
-1 

related to AL-O in the Al-MIL-53 [35-

36]. The bands around 3660 cm
-1

 and 995 cm
-1

 

are due to the symmetric and asymmetric 

stretching of the hydroxyl groups of AlO4(OH)2 

[37]. The broad band which appears in the 

range of 3000-3500 cm
-1

 is due to N-H 

vibration. The weak band appears in 2800 cm
-1 

is due to N-H stretching and the peak appears in 

1185 cm
-1   

is related to vibration of (O=S=O). 

the band at 600 cm
-1

 is related to SO3 

deformation and the existence of new vibration 

band at 660 cm
-1

 related to NH2 vibration[38]. 

The peaks at 1026 and 1234 cm
-1

 are 

corresponded to S-O stretching and stretching -

SO3H vibration. 

3.2 Adsorption of Congo red.  

3.2.1 Effect of pH. 

The change in the pH has effect on the 

adsorption of CR as shown in Fig.2. The initial 

dye concentration of 100ppm and 0.05 g 

25%SA-AL-MIL53 dried at 100 °C are used. 

From Fig.2, the amount adsorbed was almost 

constant 97.67 mg/g to pH=6, then the amount 

adsorbed decreased to 72.47 mg/g for pH= 8. 

At pH=2 surface with positive charge interact 
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with negative charge dye by strong interaction 

so maximum adsorption occurs. But in case of 

higher pH (pH=8), the surface has negative 

charge and repulsive with the anionic dye so 

the amount of adsorbed decreased [39]. 

3.2.2 Effect of amount of adsorbent  

Increasing in the weight of adsorbent from 

0.03g to 0.07g lead to increase in the % 

removal and up to 0.07 g the %removal 

becomes almost constant as depicted in Fig.3. 

The increase of the adsorption is due to 

increase in number of adsorption sites which 

available for adsorption  [11] and increase in 

surface area of adsorbent [40].  

 
Fig.1. FT-IR of Al-MIL-53 and MIL-53 

modified with sulfamic acid 

 
Fig.2. Effect of pH on the adsorption of CR on 

25%SA-Al-MIL-53. 

 
Fig .3. Effect of adsorbent dose of 25%SA-AL-

MIL53 dried at 100 °C on adsorption of CR. 

3.2.3 Adsorption Isotherms. 

The adsorption isotherms indicate how CR is 

distributed over modified and nonmodified 

MIL53. Three adsorptions isotherms are 

applied. Langmuir, Freundlich, and Dubinin–

Radushkevich (D–R) are the most common 

models used to describe the adsorption 

mechanism. The Langmuir model applied on 

the homogeneous surface and when there is 

monolayer adsorbate on the surface of the 

adsorbent, The Langmuir model is given by: 

Ce/qe=1/(qmax*Kl)+  Ce/qmax         (4) 

Where qe (mg /g) is the amount of adsorbate 

adsorbed at equilibrium, Ce (mg /L) is the 

concentration of the adsorbate at equilibrium, 

qmax (mg/g) is the maximum amount of 

adsorption and KL (L/mg) is Langmuir 

constants, the energy of adsorption, calculated 

from Rl=1/ (1+KlC0) 

Where C0 (mg/L) is the initial concentration 

of CR. The RL value shows the shape of the 

isotherm. When (RL> 1), the isotherm is 

unfavourable. The isotherm is linear when RL = 

1, also favourable adsorption when 0 < RL< 1 

and irreversible (RL = 0). Adsorption on the 

heterogeneous surface is the assumption of the 

Freundlich model and it is expressed by eqn: 

Log qe = log Kf+ 1/n log Ce              (5) 

Kf is the Freundlich constant, and 1/n is the 

constant 

associated to strength of adsorption. The value 

of n indicates the type of adsorption. If n =1, 

the adsorption is linear. Chemical adsorption 

occur when n<1. The physical adsorption is 

favourable when n >1. 

Physical and chemical adsorption can be 

differentiated by using D-R equation and its 

linear form is given as:  

lnqe = lnqm-KDε
2
 

Where qe is the amount of CR adsorbed at 

equilibrium (mg/g), qm is the theoretical 

adsorption amount (mg/g) KD is a constant 

associated with the energy of adsorption. ε is 

the Polanyi potential, which calculated from  ε 

= RT ln (1+1/Ce)  Where R  is gas 

constant(8.314 J/mol·K), T is the temperature 

in Kelvin and Ce is equilibrium concentration 

(mg/L). The energy of adsorption calculated 

from the following equation: E=1/√2KD 

If E below 8 kJ/mol, the physical adsorption 

occurs. Chemical ion exchange occurs at 

energy between 8 and 16 kJ/mol. chemical 

adsorption occurs when E-values between 20 

and 40 kJ/mol. The three isotherm models are 
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presented in Fig.4 and Table 1. These figures 

show that R
2
 obtained from Langmuir is higher 

than that from Freundlich and D-R and thus 

Langmuir is the best isotherm applied. The 

values of 0 < RL< 1 for all adsorbent with 

different initial concentration C0=50-200ppm 

indicated that adsorption is favorable. The 

values of E below 8 kJ/mol indicated that 

physical adsorption occurs. 

 

 
Fig.4.Adsorption isotherm of CR on MIL-

53(Al) and different SA-Al-MIL-53 (Al). 

Table1. Adsorption isotherms for the adsorption of CR (100ppm) with different loading content of 

MIL53. 

Model AL-MIL53 
15%SA-Al-

MIL53 
25%SA-Al-MIL53 

30%SA-Al-

MIL53 

50%SA-

Al-MIL53 

60%SA-Al-

MIL53 

Langmuir 

kl=0.046 

qm=75.7 

R
2
=0.99 

Rl=0.067-

0.303 

kl=0.272 

qm=88.26 

R
2
=0.98 

Rl=0.012- 

0.068 

kl=0.36 

qm=123.15 

R
2
=0.99 

Rl=0.009- 

0.052 

kl=0.333 

qm=93.98 

R
2
=0.99 

Rl=0.009- 

0.056 

kl=0.050 

qm=60.67 

R
2
=0.99 

Rl=0.062- 

0.28 

kl=0.056 

qm=54.37 

R
2
=0.99 

Rl=0.056- 

0.263 

Freundlich 

KF=16.76  

n =3.64 

R
2
=0.78 

KF=29.13 

n =4.25 

R
2
=0.57 

KF=57.75 

n=6.15 

R
2
=0.73 

KF=34.09 

n=4.60 

R
2
=0.62 

KF=15.02 

n=3.93 

R
2
=0.68 

KF=14.52 

n=4.1 

R
2
=0.59 

Dubinin–

Radushkevich 

KD=3.72x10
-5

 

qm=64.87 

E =115.93 

(J/mol) 

R
2
=0.96 

KD=1.4 

x10
-5

 

qm=89.37 

E =188.98 

R
2
=0.97 

KD=3.2 

x10
-7

 

qm =112.97 

E =1250 

R
2
=0.92 

KD=7.3x10
-6

 

qm =93.33 

E =261.71 

R
2
=0.97 

KD=5.1 

x10
-5

 

qm =54.3 

E =99.01 

R
2
=0.95 

KD=5.76 

x10
-5

 

qm =50.06 

E =93.16 

R
2
=0.93 

 

3.2.4 Effect of contact time and kinetics of 

adsorption 

Fig.5 shows that the amount adsorbed of CR 

at different contact time for AL-MIL-53 and 

AL-MIL-53 modified with sulfamic acid (initial 

dye concentration = 100 ppm, pH=2, and 0.05g 

adsorbent). Fig.5a. depicted that the % removal 

of CR was fast in the first of 30 min then 

increase slowly by increasing time until reach 

to equilibrium after 4h.  

The kinetics of adsorption has been applied 

to know how the adsorption occurs. Pseudo-

first-order, pseudo-second-order and the 

Elvoich equation were applied for CR adsorbed 

over AL-MIL-53 and modified Al-MIL-53 as  

 

 

shown in Figs 5. The equation for the 

pseudo 1
st
 order kinetic model is given by eqn 

(1): 

Log (qe- qt) =log qe- (k1/2.303) t    (1) 

Where qt (mg /g) represents the amount 

adsorbed at time (t) and qe (mg /g) is the 

amount adsorbed at equilibrium time and k1 

(min
-1

) is the rate constant of the pseudo 1
st
 

order. Plotting of Log (qe- qt) against t to obtain 

the first order parameters was done. The pseudo 

2nd order kinetic model is expressed by eqn (2)  

t/qt =1/k2qe
2
+ t/qe(2) 

Where k2 (g / (mg. min)) is the rate constant. 

Plotting t/qt versus time was used to obtain 

pseudo 2
nd

 order parameters. Also, The Elovich 
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equation model is applied and can be expressed 

as in eqn (3) 

qt =β ln αβ + β ln t (3) 

Where α (mg/g min) is the initial rate of 

adsorption and β (g/mg) is the desorption 

constant. They obtained by plotting qt against ln 

t. All the kinetic parameters and correlation 

coefficients (R
2
) from the kinetic models are 

summarized in Table 2. It is observed that the 

pseudo 1st order was not describe the 

adsorption due to the difference in calculated qe 

and experimental qe. On the other hand for the 

Elovich model, the values of R
2
 are less than 

the value of R
2
 for pseudo second order so the 

better kinetic for adsorption is pseudo second 

order.   

 

Fig.5. (a) Effect of the time on adsorption of CR with initial concentration 100ppm at pH=2, (b) 

Pseudo-first-order kinetic model, (c) Pseudo-second–order kinetic model, and (d) Elovich model 

over (a)AL-MIL53 (Al) ,(b) 15wt%,(c) 25wt%,(d) 30wt% ,(e) 50wt%,(f) 60wt% SA- MIL53 (Al) 

dried at 100 °C

Table2. Kinetics for the adsorption of CR (100ppm) at different samples of SA-MIL-

53(AL)Sample 

 
qe .exp 

Pseudo –first order Pseudo second  order Elovich equation 

qecal      R
2
   k(min

-1
) qecal      kx10

-3
R

2
(g/mg.min)

 
α   β    R

2
(mg /g min) (g/mg) 

AL-MIL53 57.09 52.83 0.87 0.017 65.87   0.39   0.99 0.025    13.28    0.98 

15%SAAlMIL3 67.19 50.15  0.71 0.012 75.01   0.33   0.98 0.031  14   0.92 

25%SAAlMIL3 96.18 5.92 0.70 0.09. 102.45 0.7  0.99 0.629  13.08    0.88 

30%SAAlMIL3 74.34 57.97 0.89 0.014 83.89   0.31   0.99 0.038 14.83 0.97 

50%SAAlMIL3 51.26 46.02 0.86 0.015 59.13  0.40  0.99 0.027  11.80   0.98 

60%SAAlMIL3 42.40 63.46 0.83 0.025 50.47   0.50  0.99 0.024  10.78  0.95 

 

4. Conclusion 

This search shows that 25%SA-Al-MIL-53 give 

the maximum amount of adsorption of CR and 

the % removal increases with increasing time 

till reach to equilibrium after 4 h. the 

maximuim amount of adsorption occurs at pH 

=2. The % removal of CR 

increases with increasing dose of adsorbent 

from 0.03 g to 0.07 then become almost 

constant from 0.07g to 0.1 g. The kinetics data 

and adsorption isotherms data show that pseudo  

 

second order and Langmuir isotherm fit for the 

adsorption of CR. 
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