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50 
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Cr+2,Cu+2,Co+2 
Cd+2   , Co+2   , Ni+2 
  

Pb+2  ،  Cu+2    
   (MCC) MCC-CAD-GA 

 films 
51 

Pb+2 

  
 

Cross-linked GO/ 
CMCNF-Fe3 + CF 

  52     

 

  (III -4 مواد انسهيهوز اننانويت  )CNs .انمعتمذة عهى الامتساز في إزانت الأصباغ 

 

  

 

 

attapulgite 

 

Magnetic ATP@ 
(BCNs/ CS) 

 

53 

 

ATTcationic MB 

 

 

PEI-Pt@BC 
membrane 

54 

 

  

carboxylated 
cellulose fabrics 

 

55 

 

 

nanowhiskers 

 

Titania-loaded 
cellulose-based 

 

56 

 

 

 Amide-
functionalized 
cellulose-based 
porous adsorbent 

 

57 

  
 

 DA@PDA nanofiber 
membrane 

 

58 

Azo(C.I)

C.I.

azo

CNF/CMC 
membranes and 
BCox. 

CNC/ZnO 
nanocomposite 

 

59 
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CNC 

CNC/ZnO 
nanocomposite 

60

  

O (AO)  

  

CNCs
 

 

Carboxylated CNCs 

 

61 

  

(CA) 

 
 (TLGL-CA) 

 

 

TLGL-CA sheet 

 

62 

 

(CR) 

 

 
 

 

CNF-Fe(0) @FeS 

 

 

63 

(CR) 

 
 

CNF–GnP aerogels 

 
64 

 

(III- 5):  مواد انسهيهوز اننانويتCNs  انمعتمذة عهى الامتساز في إزانت

Cytochrome c 
imprinted nanofibers 
(Cyt c-MIP NFs

65

microcrystallinFe3O4 
@CMC@PDA 

 

66
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 (CBZ)

(SMX)

(PAR) 

 

Papermill 

(PS)

(AL) 

GACN - granular 
activated carbon 
(PSA-PA) 

67

 Anionic CNFs 68

 Cotton cellulosic 
nanocomposite 
(Cu@CC)

69

(III- 6): 

   Aerogels

polysiloxane

≤

≥

 
 

  

70

 

 
 

 

  

71
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72

  Aerogelsسهٛهٕص  

 
 

 

  

73

D Aerogels

 

74

 

 CuO @ carbon 

Aerogels  

(CNCAs)  
 

 
 
 

 

CNCAs 

/

75

 ZIF-8@ 

Aerogels 
76
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77 

(III- 7):

 

 CMC-g-PAM graft 
copolymers 

78

Nanocellulose (NC) 
combined with a cationic 
polyacrylamide 

79

 SiO2
Cationic cellulose 
nanocrystals (CNC-
EPTMAC) 

80

 Cellulose-based polymers 
derived from Eucalyptus 
bleached fibers (CDACF) 81

Cellulose nanofibers 82
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(III- 8):

CNs 

 TFN  تانمائًت عهٗ الأغشٛت انشلٛمت انُإَٚ
NFMs 

 CNC

 (APTES) 

 COD 

2,2,6,6-tetramethylpiperidine-1-oxyl 

(TEMPO )

 

 RO  

 

CNC 

(APTES) 

 

 (CAPSF) 

  

 

(CNS-P)

 

 AgNPs 
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III -2- 3 .

(III-9 ): 

 
 

 
 

CAF-Fes /HAP Fe+3   Pb+2 
       

((Cu @ CC  
  

 Aerogels 

polysiloxane  
 

  

 

 

AgNPs 
  

 
 

 

CNF-Fe(0)@Fes(CR)

 
 

(CNC-EPTMAC) 

SiO2  
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III2- 4 .

  

 

جعم إَخاجّ ألم حكهفت َسبٛا فًٛا ٚخعهك ححٕٚهّ انٗ يشخماث يثم انُإَ انسهٛهٕص ٔ  انسهٛهٕصيشَٔت  

 بانًٕاد الأخشٖ.

نزنك حسخخذو يٕاد انسهٛهٕص انُإَٚت عهٗ َطاق ٔاسع فٙ حُمٛت انًٛاِ، انخٙ ححًم انعذٚذ يٍ  

انُإَ٘، ٔالأغشٛت  الايخضاصانخطبٛماث يثم: انًحفضاث انضٕئٛت انُإَٚت، انًحشكاث انُإَٚت، 

 انُإَٚت، انًٕاد انًاطت انُإَٚت نخطبٛماث يعانجت انًٛاِ.

ٚظٓش انسهٛهٕص انُإَ٘ حشغٛلا سطحٛا يثانٛا بانًماسَت يع انًٕاد الأطهٛت نسهٛهٕص ٔبانخانٙ إَشاء  

 يٕالع َشطت نلايخظاص.

انخششٛح ٔانُذف، ْزِ انخظائض نذٚٓى لٕة يٛكاَٛكٛت كافٛت ٔلابهت نخشخج انًاء حطابك أغشٛت   

 انجزابت نسهٛهٕص انُإَ٘ ٚفخح يجال كبٛش فٙ اسخخذايّ نًعانجت انًٛاِ.

انًًخضاث انمائًت عهٗ انسهٛهٕص انُإَ٘ يُاسبت لإصانت الأطباغ ٔإَٔٚاث انًعادٌ انثمٛهت  

 عٓا.ٔانًسخحضشاث انظٛذلاَٛت ٔإَٔا
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III- 3 في معانجت انمياه ومياه انصرف انصحي. تانمغناطيسي.انمركباث اننانويت 

 

 .MXene: ٕٚضح (III -4)انشكم

 

(III- 11)أيوناث انمعادن انثقيهت وانمهوثاث انعضويت وانبكتيريا وانمضاداث  : يوضح معانجت

انحيويت بواسطت انمركباث اننانويت انمغناطيسيت في وسائظ مائيت مختهفت.

     

α–Fe2O3/MXene  96.7% 

CuFe2O4/MXene   70% 

α-

Fe2O3/ZnFe2O4@Ti3

C2 MXene 

 B Cr6+   

Ni@MXene   98.35% 

Zero-valent iron 
nZVI-Ti3C2 MXene 

  
 92.7% 

Fe2CoTi3O10-
MXene 

 
 

98% 
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Fe3O4-Ti3C2 MXene  

 

>97% 

AgNP-loaded 
MXene/Fe3O4/ 
polymer 

 NA
NP 

  

Fe2O3-Fe3O4-
Ti3AlC2 MXene 

    

ɑ–Fe2O3-Ti3C2 
MXene 

 

 98% 

Fe2O3-Ti3C2Tx 
MXene 

 Hg2+, Mg2+, Ca2+, Na+ 
& K+ 

99.9% for Hg2+, 

good (other ions)

 

NiFe2O4/MXene 

 
 

74%  

Fe3O4@Ti3C2Tx-BA     

Sodium 
alginate/MXene/ 
CoFe2O4  

Cu2+   

Fe3O4@Ti3AlC2 
MXene 

 

 

Cu2+, Cd2+, ,
+ Cr6

 63.2% for Cu2+, 
64.1% for Cd2+, 
70.2% for Cr6+
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Fe3O4
-Ti3C2 

MXene 

 
 

  

 

III- 3-1. :مناقشت اننتائج 

1- 

 
2- 

 
3- 
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III-4  . (LDH/ 

Polymer) 

LDH  

MBMB.UV-VIS  

(III -5)ُبٛاَٛت حًثم ٛاث : يُحMB (C0 = 30 mg/L, pH = 7, T = 30 ◦C, m = 1 

mg, t = 5, 15, 25, 35 and 45 min) 

 

  (III - 6) :  MB (C0 = 30 mg/L, pH = 7, T = 

25, 35, 45, 55, and 65 ◦C, m = 1 mg, t = 35 min). 
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 (III -7) يُحُٛاث بٛاَٛت حًثم :pH  MB (C0 = 30 mg/L, pH = 3 to 
11, T = 35 ◦C, m = 1 mg, t = 35 min) 

 

  (III - 8): MB (C0 = 30 mg/L, pH = 7, T = 
30 ◦C, m = 1 to 9 mg, t = 30 min). 

 
 

 

 LDH   

 .LDH  
 LDH MB 

PH=11 mg/g  

. mg/g 
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(III- 11) يمثم قذرة امتساز :MB  LDH 

III 4 1.

 MBLDH 
 LDH 

 
 LDH – polymer 

MBLDH

 

 

LDH-AC composite 816 m2/g 

MgAl-LDH/Biochar 
composites 

406.47 m2/g 

Serpentine 58.48 m2/g 

Nano-magnetic wood based 
activated carbon 

434.13 m2/g 

LDH–polymer 
nanocomposite 

1428.57 m2/g 
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III- 5. 

(III-12): نتائج  

 

(PPy)

 

 Cr 

(VI) 
(PPy)

 

 Cr 

(VI) 

 

 

 

PVP-C60 
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NZVI

CNTs. 
  

 Cu 

(II),Se (II),Co(II) 

MWCNTs.

 

 

Fe3O4 MnFe2O4 

GO 

 
 

GOs

 

 

 

 

             

BisphenolA 

(BPA). BPA 
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well-fitted by a 

pseudo-second- 

order model 

CNT-PAC (II) 

HNO3  KMnO4

CNT-PAC.  

 

(III). 
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Fe3O4. 

Sudan dyes 

 

MWCNT

 

 

 

 

Rhodami B (dye). 

MWCN-COOH

CNT

CoFe2O4

pH 7

 

 

 
 

 

Oxytetracycline 
(OXY) and 

Ciprofloxacin 
(CIP). 

 
MWCNTs. 
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MWCNT 

Sulfamethazine 
(SMT). 

 
ultrasonication. 

 

 

(MGSi). 

 

MGSi

Freundlich

 

Fe3O4 
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(GO )

(GOKOH). 

IV .  

 

 

 

MGO 

Se (IV)      
(VI)Se  . 

Se(IV) (Se 

(VI

 

MGO

/ 

 
 

 

 

MPANI / GO. 

Cu (II)  

 
MPANI / GO

 
(II ) 
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Phenanthrene 

MWCNTs

 
 

 

RhodamineB(dye) 

MWCN-COOH

CNT

CoFe2O4

pH= 7
 

Langmuir

 

 

 

Oxytetracycline 
(OXY) and 

Ciprofloxacin 
(CIP) .

 
MWCNTs. 
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(MWCNT). 
 
 
 
 
 
 
 
 

Sulfamethazine 
(SMT). 

 
 
 
 

ultrasonication 
 
 
 

 

 
 
 

(MGSi). 

Acridine Orang 

 (dye). 

MGSi

Freundlich

Fe3O4
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(GO)

((GOKOH. 

IV.  

 

 

(MGO). 

Se (IV)  
Se (VI)  

Se (IV)Se 

(VI)   .  

MGO

/ 

 

 
 

 

MPANI / GO. 

Cu (II) 

MPANI / GO

(II)

 

 

 



 تطبيقات مركبات النانو في معالجة المياهمناقشة دراسات                                  الفصل الثالث   
 

86 
 

 
Phenanthrene 

 
 

 

 III -5-1 .

  
 

 
 

 
 

 

 

  



 

  
 

 

  

 عامةال الخلاصة  



 الخلاصة العامة 
 

V 
 

CNF 

BNC CNC  

((LDH/ Polymer 
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Study summary: 
Through this theoretical study, we touched on the applications of nanotechnology in water 
treatment, where nanomaterials had a great effectiveness in removing various pollutants 
from water. Among the nanomaterials that were studied: 0 Cellulose-based nanomaterials, 
represented by cellulose nanofibers (CNF), cellulose nanobacteria (BNC), and cellulose 
nanocrystals (CNC). Magnetic nanomaterials, LDH/polymer, and carbon-based 
nanomaterials such as graphene, fluorine and carbon tubes, and through the results of the 
researchers, proved that these materials are the best alternative in the field of water 
purification compared to traditional and known methods of water treatment. 
Keywords: nanotechnology, nanomaterials, water treatment 
 

Résumé de l'étude: 
A travers cette étude théorique, nous avons abordé les applications des nanotechnologies 
dans le traitement de l'eau, où les nanomatériaux avaient une grande efficacité pour éliminer 
divers polluants de l'eau.Parmi les nanomatériaux étudiés : Les nanomatériaux à base de 
cellulose représentés dans les nanofibres de cellulose (CNF), BNC), et les nanocristaux de 
cellulose (CNC). Les nanomatériaux magnétiques, LDH/Polymère, et les nanomatériaux à 
base de carbone tels que le graphène, les tubes de fluor et de carbone, et à travers les 
résultats des chercheurs, ont prouvé que ces matériaux sont la meilleure alternative dans le 
domaine. de purification de l'eau par rapport aux méthodes traditionnelles et connues de 
traitement de l'eau. 
Mots clés : nanotechnologie, nanomatériaux, traitement de l'eau 
 


