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Abstract  
Plenty of methods have been introduced to treat the consumed water where the advantages and 
disadvantages of each method define their applications. Advanced oxidation processes have 
become a scientific trend due to high removal efficiency. As one of the AOP methods, 
heterogeneous Fenton method has received plenty of interest because of its high operational 
capability. In this study, cellulose/CuBDC/Fe3O4 nanocomposite was utilized as heterogeneous 
Fenton catalyst to remove Direct Blue 71 toxic dye from aqueous media. The catalyst was 
synthesized as granulated beads to eliminate the operational limitations of utilizing powdered 
catalysts. The catalysts were characterized by SEM, EDX, FTIR and XRD analysis to validate 
the successful synthesis procedure. The effects of each component of the nanocomposite on the 
removal efficiency were investigated. The effective operation of independent parameters such as 
the initial dye concentration, H2O2 concentration and catalyst dosage were modeled and 
optimized by RSM design of experiments method. At the optimum point, the removal efficiency 
of 86.93% was achieved. In addition, the COD of the wastewater was decreased by 73.52%, 
which demonstrated the high potential of granulated cellulose/CuBDC/Fe3O4 nanocomposite in 
decomposing organic matter to H2O, CO2, NO2 and SO2. The prepared granulated catalysts 
retain their removal characteristics over 8-cycle operation. 
 
Keywords: Advanced Oxidation, Heterogeneous Fenton, Metal-Organic Framework, Granule, 

Direct Blue 71, RSM Modeling. 
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0�9+�� -# 0��;+�#TENSPR-27 (Brucker, Germany) �� 3�H�#
`�, -# ��� KBr)0-�� ���RR �$nm �RRR 0-#���# .��� ����
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����� F���# )

SHIMADZU (Labs XRD-6100) 0-#��# j����� �� � ���
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Fig. 1. SEM analysis of a) bare cellulose granule, b) cellulose/CuBDC granule,  
c) cellulose/CuBDC/Fe3O4 granule, d) CuBDC powder and e) Fe3O4 powder 
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Fig. 2. EDX analysis of a) Fe3O4, b) CuBDC and c) CuBDC/Fe3O4

8>�6tG�
��� e��+�EDX (a Fe3O4)(b CuBDC �(c CuBDC/Fe3O4

Fig. 3. FTIR analysis of a) Fe3O4, b) CuBDC and c) CuBDC/Fe3O4
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����� ���	 N��1 @ �7 F�# #��- )��# ���9�
 2K�&7���7 �B��
 �� � 2K��&7���7 0���
 CY��&7# � j�	 C��� F�� @!7 ��H�# -#

 �� �����L ��� �����	 ��	 N�1 ^�;B @ �7 C� �H�+� 0��� C���� 
.��# 

������� �� D���L ����  �� 0���� � ���hcm-1 �r� �cm-1 S�� 
F��� 0��� ���H�# �!!7 ����� �� ����	Cu-O ��I�!$ ��7 ���#

G'� J�4��4t�
�CuBDC �	 z��*$ #� .��7 
���� \��'7 ����1 �I����tc���	 C���!� ����-�m	�7���� ���7 ��� �

CuBDC/Fe3O4�
#��% #���- )���# 0�� ��I!$ � G+�� �+��� ��
 ��	 N�1�rR �$cm-1 ��R �� ���-�m	�7���� �� 0�� ��H�# D�L

#G�# D$ D$ �� �&��"	 )CuBDC �Fe3O4()���: � �$���� ��$
C�!� �7 ��# 0�� U ��� ��� ����	 D�L 3�6�# 0�� � ��!!7 @��7

Fe-O )Fe3O4D�L �� (Cu-O )CuBDC��# ( .(Alamgholiloo 

et al., 2021).
G�
���XRD #�g���� �I� �� 2��0�	C�?  .��# �� ��7 ���1

 D��L )���# �P!	 �I� F�# ��� �����	 0��� � ��h ����� ��� 
 D��L �� 2#�g���� ��"��A	 ��#���+��# ���#�	 ��� ��#� -# �7��% �

.��# �#�	 F�# �
�+&��7 ��+B�� 
�I�� ���ta0����M	 ��θ���� ���#���/�R)r/��)�/��)

�/��)�/�S��/r�D�L ��� ��7 ����#� ����� �'�# ��  X��$�$
 �
�+&��7 �� -�� �� ����	R��)QQ�)RR�)���)QQ��

R��2#�g���� �� ����	Fe3O4��+&  ��� �"��*$ e��+� F�# �7 )
2#�g F�# l�M� G+����# �I�� F���{?  .�tb)�� ��h D��L

�� �� 0Q/�Q)�/��)r/��)S/����/r��	 C�!� #� ��7 �� �
D�L �� z��A	 -��� �#�� ���	 ��  �
�+�&��7 ���  CuBDC ���# 

)Alamgholiloo et al., 2021(.

�464U2/%g��'%@�@ G�=E� 0!R�9 
@ �Y�������L F��������# �� 0��������� G+��������� ���������-�m	�7����)

cellulose/CuBDC/Fe3O4��� F�# .C�?  ��-�m	�7 �7 ��1 C���� 
�� ���� 0��;+�# �
��#�
 2���)�� �&�
�$�7 -# 0��;+�# #��- �
�%

���G  ����L �I� ��$��'?: ��  x���- ���H�# ��	# F�# �': .��#�
 ���
�% -# 0��;+���# 2����� �� �+�����L ���� ��+7#� �� ����!� ����#

 ����� ���!� ���# ��� 0�K�: .��# �&�
�$�7 ����L ��� 0���H�# )0
�&�
�$�7 ����-�� � �-��#�� �I� ����L �� )���&� 0���� �#���
 ����- ����G  _�� ��	-��� �.���# �-���#�� ����#�� 3��H�# �#���

F�#-# i��"	 �� �� �����L ��
�% -# 0��;+��# �+��� � 2�'��L �� 
 �I�� -# 0��;+��# � �+��#�� �$���'?: � ����*+,# ���� u8�?�	 �#�	

�	 ����$ �#�	 F�# �
��#�
 ���)Emady et al., 2016(.
�� ��� 0��� 0��G��# �#G��# -# D��  �"+&	 ��c�$ ����� ��T�	

 � ^�'+P	 �#G��# �	��� ^�'+P	 ��
�% �� )N��#�
 ���-�m	�7���)
����������-�# 0��������N��������#�
 :��������# ��������  Qtcellulose)

ktcellulose/CuBDC ��tFe3O4/CuBDC/cellulose.
N���#�
 -# Z��� �� �  �#�� @��	-� W�#�� )����-�# F�# �� �� 

 ) ���# 0��� N��?:# C�&I� mM�)���&7#�L CE����� mg/L �R
.��� 0���	 ���
�# �T'6 )#- g/L�)��&�
�$�7 -��pH N����	�.(

�I�� �� e��+��C��?  .���# 0��� 0�#� C��!� �I�� �� ��7 ���1
N��#�
 )��# �P!	 G�'� J�4���4 @���L C���� �G
�'� �� t

2#�g���� � �
�Fe3O4�T%K	 ���, _5% ����#�� C�!� ��B -# �#.
��	 G��� _5% d��# �#�"	 CE�����  d���# ���GH$ -# ����� ���#�$

 �� ���f�	 ����� �����% �� ����&7#�L����)�����% �� ���
�CuBDC 
#� C��+�� ���#�� �� �7�� ����B)��#� �����% _5�% ����� )(

rR ���� ���	� ����7 ��!� ��C�� ��0�,��'���;+�# ���# -# 0���F.

Fig. 4. XRD analysis of a) Fe3O4 and b) CuBDC 
8>�3tG�
��� e��+�XRD (a Fe3O4�CuBDC (b

0

200

400

600

800

1000

0 10 20 30 40 50 60 70

In
te

ns
it

y
(c

ou
nt

s)

2θ (degree)

b)

0

1000

2000

3000

4000

-10 10 30 50 70

In
te

ns
ity

(c
ou

nt
s)

2θ (degree)

a)



����M�	 � BK �� B��	��*� ?��� dx.doi.org/10.22093/wwj.2022.332708.3244 

27

����� ��� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 33, No. 4, 2022 

Fig. 5. Removal of DB71 by the heterogeneous Fenton 
process using the bare cellulose, cellulose/ CuBDC and 

cellulose/CuBDC/Fe3O4 granules 
8>�;t.�� _5% e��+� U�"+&	 ��� �#-�[�� �1#C�+�� ���

N��#�
 W��$ F9? �� )G
�'� �� cellulose/CuBDC  �
cellulose/CuBDC/Fe3O4

CE��+  C�+�� ���#�� �� ��-�m	�7������#.
����&� ��'��, F � G'� x����- ��#� C��+�� ����#�� ��V�!�L ��)

-# F����# �����-�m	�7���� ��Fe3O4/CuBDC/cellulose F��+���!�� 
��� F � �&�1��y	 2#�g���� C��G�# �7 �#� C�!� � �+�#� #� ��#��7

 ����% -# #� _5�% ����� ��-�m	�7rR���S������ ��7 ������
���, ���&� ���� N�I
�	 �#�� �
�V, .�� ��  U�"+&	 ��� �#-SQ

�� ��# 3��"	 0���8� C#��:.(Moradi et al., 2016, Khataee et 

al., 2016).

�4�4	!^� �"� � l2��/� OI�0* 
"� G/�� 
�	#�:�	 ����+	 ��#��7 �� ���#�$_5% ���#��)��7 ������ �#5
�c#

 ��	 ���� F��+?�	 �'?� -# ��T'6 ��� C#��$ ���
�# .��� 0���	 #-)-��
��&7#�L CE����  ��
�# �T'6 � �&�
�$�7 ����� �#�� .��7 0���#

�� �� �	#�: F�# ���"+	 � U�"+&	 �c##���_5% ������ �)����� �-���
3�� -# �#G�#Design Expert (Version 10.0.7.1) 0��;+�#���� �

3�� F�# -# �#G�#CCD �#��"	 ��� [±=α��:�?H	��- ��7 a�� -# �#
 |��L ������# �T'6 .�� 0��;+�# )��
�# .��� 0���	 #-�	���[�)

}� ����'�	 3�
���	�� �&�
�$�7 -�� )�+�
�)�/��[�3��

�� � �+�
 ����� �� ���&7#�L CE����  ��
�# �T'6 �	����)[��
[� �'�	 �8�	���.@��	-� j��$�	 -# 0��;+��# �� 0�� �%#�1 �� 

 a��CCD �	��k��� @��	-� N���kF��# �� .��# 0�� �f#�#

 C#G�	 )�%#�1.�� _5% U�"+�&	 ��� �#-�[N��1 ��}���"�,�
�� .�� �+��
 �T� �� |��L C#��: 

�4�4m@�2��� G���� =!��@��

C��� X���	 � C��� �#����	 ����-�# �#�� @��L N��	 -# 0��� �����
���	 0��;+���# j������#� �����	� ����'M$ �����	� ����'M$ e����+� .�����

� N�	 j����#������ |��L �#�� 0�	� ��� .��� _5% ���� �#-
 U�"+&	SQ��N���}e���+� F��# z���A	 .���# 0�� �f#�#)�#��"	 

F-value )��/}�� (p-value -# �+?7)���[/�C�!� ( \�	 �� � 
�� N��	 �7����� ����, ����	� ���M
 -# 0��	� �#��"	 .���# N��V, 
F-value ���- �p-value -# �+?7��/�C�!�\	� � 2#����y$ ��7

� N�	 W��$ ���B �� |��L ����	 ^���$ 0�	� ��� �� .��� ���1
 F+��
 �T� �� �� �'7������ @�L �#�� C���?1# lA� N��	 �����
 �#�"	 �
# )C���#�
�p-value )�+	#���L D�� -# ��+?7��/�)�����

���	 � �cb	 N�	 ��� �� C� 2#���y$ ��� � #�B �#�)�#��"	 ��
# �	#
p-value -# @����/�N��	 ��� ��� C� 2#�����y$ )����)��� ��c#

 ��� � #�B)Sjöblom et al., 2005(.
��&$Lack of fit 0����?�,�� ���AB ��&��"	 �#���k���AB �

��,#�}�	 3�H�# .����B�� Lack of fit 0��� 0�#� �����$ N��	)
����	 � �cb�	 ���V� ����� �#�.(Hinkelmann and Kempthorne, 

2012) ���#�"	 �9�� 2��V:p-value ���� C�@�� -#��/������.
e��+� z��A	 N���}�#��"	 )p-value �#��� �B���Lack of fit 

N�	@�� -#��/�0����7����$ �7 ��� C���� �cb�	��6 Lack of fit 
0�� 0�#� ����$ N�	 ����#.

X��OF���$ C�!� �� ���5�L���y$ ��7 ���# F�# 0�� � �#��"	 
��	 0-#��# �4 �$ |��L �� ���#�$�2#��c# � �"+�&	 ��� ��y+	 �'����

 �,#� �� .��� 0�#� l�O�$ ���� ���"+	R22#����y$ �#�"	 )N�	 D�
�	 �7 #� |��L �� ���#�$ �'��� ����� ����$ N�	 C�)��	 C��!� �� �

.(Myers et al., 2009) �#���"	 ���4 ��� R2D��� ����: ���� N���	
D��G� �+�!�� |���L 2#����y$ �����$ �� N��	 C� ����#�$ )���� �$

C�?  .��� � #�B N��� �� �7 ��1 x�  }�$�)��# 0�� 0�#� C�!� 
�#�"	�}}�/�=R2�7 ��# F�# �9��!� )N�	 �#��}�/�}���� 

1 Analysis of Variance (ANOVA) 
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��"E-t@��	-� @��	-� �%#�1 N�	 �#�� 0�� �%#�1 �� RSM 
Table 2. Designed experiments for the RSM model 

Dye 
elimination 

efficiency (%)

Dye initial 
concentration 

(mg/L)

H2O2
concentration 

(mM)
Catalysts dosage 

(g/L) Run 

58.15501551
85.3630107.52
78.35105103
86.1230107.54
75.2430157.55
87.6850107.56
80.7210557
60.125015108
65.75505109
81.343010510
78.263057.511
85.6130107.512
61.510151013

85.6130107.514
85.9230107.515
72.6630101016
85.3630107.517
64.451015518
89.3510107.519
70.63505520

��"E�4j����#� ���	� ��'M$ 
Table 3. ANOVA results 

Source Sum of squares DF Mean square F-value p-value
Model 4.204E+07 9 4.671E+06 30.65 < 0.0001 Significant

Residual 1.524E+06 10 1.524E+05
Lack of fit 1.510E+06 5 3.020E+05 110.69 0.0617
Pure error 13642.85 5 2728.57

Total 4.356E+07 19
R2=0.9335          Adj-R2=0.9650

��"E�t.�� _5% �"+&	 �� �+	#��L �#�� ����� �A"� #-
Table 4. Optimum point of independent variables of DB71 elimination 

Catalyst dosage 
(g/L) 

Initial DB71 
concentration (mg/L) 

H2O2
concentration 

(mM)
DB71 removal 

(model %) 
DB71 removal 

(experiment %) 

5.38110 10 8.18851 86.9347 88.41 

��"Ent�� �+	#��LN�	 �I�+��� ��  �V� 3�� � N�# ���� 
Table 5. Parameters of the pseudo-first and pseudo-second kinetic models 

qekR2

1.75060.10340.9236Pseudo-first model
2.31480.03040.7235Pseudo-second model



����M�	 � BK �� B��	��*� ?��� dx.doi.org/10.22093/wwj.2022.332708.3244 

29

����� ��� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 33, No. 4, 2022 

���� �� 2#���y$ -#_5% .�� U�"+�&	 ��� �#-SQN��	 W���$
���, .��# ����$ 

Adj-R2���,#� ��R2�#����$ i����# ���� ���7 ����# 0���� wK���#
2��V: �� �����	 ���  ��
���	 ��� ����% N��	 �#��� 0��	� ����

�	 �� )��� ���1 2��V: �
# �7 �G�4��� ��c�$) ��+&�� 3-8 �7 ��� 
 ���
���	 ���� _5% (���#�)Adj-R2�	 ���% ����.(Wardrop 

and Myers, 1990) ���I�rta"	�#� N��	 W���$ 0�� �V��M	
 ��#�"	 � �9!��	-� C�?  .��# 0�� �&��"	 �I�� F�# �� �7 ��1

�	 0� �!	 )����#�"	 @�L � 0��� ���� �#��"	 N��% � �9�!��	-�
 ��#� WB°~� 0�� ��-�$ C�!� F�# �7 ��# ����#�$ 0�� ����- N��	

@�L �� |��L ������#�	 F�#����� . �H�+� C#�$ N��	 ��7 ��7 ���

���	 )|��L �#�� 0�	� ��� ���, �,� �� ��#�$ #� ���H$ e��+� �
�V,

N�	 �-��0��7 @�L �#�� ���9�� W�#�� �� |��L ���� �+	#���L �� 
� G���.��� ��7 N�	�� �#��?� ����� 0����?�,�� ��� �AB ���#�� �� 0���
�� ����#- �� �AB 2���~�e���+� �M�� -# ��$ ���7 ����y$ �����

 ��� 0����?�,�� ���AB �#���?� F��{?  .��� ���% C���?1# ��  �#-#
�	 C�!� @��	-� ���AB) F���	 ��% -# ���� ����	 ��AB �7 � �

 ��V: (G	�,��I� ����� �� ��#�+� �$ x����- ����, �� .����� C����?1#
�I� �� rtb�rtc�� ��� �#��?� X�$�$ 0��� C���� � 0��� U���

 �,� �� WB F�# ��� ��"� ��7# �7 ��# ���!	x���- � ����#� �#�,
 ����, ��� �AB 0����M	 -# @���	-� ��  �#��� � �AB �+�!�� N��V,

.�&�� 

�4;4� 0N����, 	C!.+ ��"5� 
G�
���� � 0��� 3��H�# @���	-� �%#�1 �� ���$ ��RSM 0��� 3��H�# 

�"+&	 �� �+	#��L �#�� .�� 0��	 ��
�# �T'6 � ��&�
�$�7 -�� )#- 
��&7#�L CE����  ��
�# �T'6 )^'+P	 w�A� ���#�"	 �#��� �����

 .��� _5% ���� ���!�� i��# �� � �+	#��L -# D��  ���� ��� #-
 N����� �� ���7 ���	�~C���!� ���I��# ���� �����$ ���� .����# 0���� 0�#� 

����/�=Adj-R2�� ���, ��: N�	 �#�� 0�	� ��� )0���� �����?1#
�� ����� �A"� �� N�% F�# �� ��$ 0�#� 3�H�# ���H$ @��	-� 0�	� ���

 ���% C���?1# � �+	#��L F�# C��� ����� �M� -#����H�+� zV1 .�
�� +?7 0�� N�	 0�#� �� ���H$ 0�#� 0�	� ��� -# ��_K+�B# �����

C�!� �7 �+�#� .��# ����� �A"� �+��� 0�� � 

�4?4� 0N����, 0!Ro9 
�4?4�4U\!��9�' /�� 

.�� _5% ���� )J�&L �� �&�
�$�7 �#�"	 @�#G�# �� @�#G��# #-
�	 @�#G��# ��:�� ��&�
�$�7 �#��"	 @�#G��# ��7 ��# ����� )����

 ���&�
�$�7 � ����&7#�L CE������  F���� �cb��	 i���?$ J���&L ���B#�
�	 C� �H�+� �� � ���)N�I��#� ���
�$ J��&L �� ��+�!�� �#-� �� 

N�I
�	 �� �$ 0�� ����� ��GH$ X��	 � 0��7 �'?% 0���8� ��  ���� .
F�� �&�
�$�7 -����$mg/L  QR��y+	 0�� ��� �+	#��L F�# ��c�$ �$

.�� _5% C#G�	 ��� � .��� ����� #-��
�# �#�"	) � �+	#��L ��� �

Fig. 6. a) Predicted vs. actual data, b) normal plot of residuals and c) residuals for each run of DB71 elimination 
8>�?t(a �"	 �&��"	�#� ��,#��#�"	 @�L 0�� ����)(b �"	 �&��"	�#0���?�,�� �� �AB ��#�� �� 0�� N�	�� 
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Fig. 7. Impact of a) catalyst dosage, b) DB71 initial concentration and c) H2O2 concentration 
on DB71 elimination efficiency 
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��"Est.�� _5% U�"+&	 ��� �#-SQ�� 0�� a�#G
@ �YL x�  F�!�L 
Table 6. DB71 elimination reported by previous studies 

Reference DB71(mg/L) Catalyst dosage 
(mg/L)H2O2 (mM) Process type 

(Tunç et al., 2012) 12.86 1.4×10-3 5Fenton 

(Ertugay and 
Acar, 2017)25 3×10-33.67 Fenton 

(Sasieekhumar et 
al., 2017)51085.3 Heterogeneous Fenton 

This study 10 5.38110 8.18851 Heterogeneous Fenton 

Fig. 9. Evaluation of DB71 and COD removal from 
the effluent at the optimum point 
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Fig. 10. Kinetic study of DB71 removal from the effluent by a) pseudo first order and  
b) pseudo second order models 
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