Apuplalinall i -y oS ey 5 4 50 (g KU il Gy 35

um&%ﬂﬂ\ﬁd\uﬂ\om&u

(1401249) (S_a 3 Gmn laan (5523 / AUl

stall b il i il e s

(Al 3l oLal - sliasl)

iy
ol daaa puly 2 o Ul 2 desa o]

L) L ) o Laskl ML AL 5l e Lasl) 35
EPEN| e.a.ug PN ?“"‘3

o slall 48 psiadl 4308

3an - ol de Sl dadla 3aa - adl e cllall dxala

VEE Y VA s



. Sa “

plsinl 395k oo COFe0s Al cyydll s by Sl ) ly jpdand a8 cbagas Al p3 (8

Jaladll bl alasinl) o5 idad) 48k et Al daiay Apalall s A @) ial @)k
AN (ailiaddl A ) Liagl &5 LS oy yall JiSis 5 5 G (3) i) Cle i Capea il (5 ) jall
FT-) el eall cans 228Y1 ((XRD) disadl 22iY) aladialy 450 <) 5 dpslalinall 5 a5l 585 5all
Sl s (VSM) oublinall il 515l Gl Slea (TEM) 3l 5 51 el (IR
plaxiuly (S jiall A oS 5 dpadalinall § Ll Gl ) e ol 311 Jasione il Al 3 &3 Jpean sl
Adide il aladinly CoFer0s il iy ja e el diagt il Caa i iy (iDlall 48, )l
oo lele Jpandl 2 ) cBlalad) o e Taldie) Lgiidlia s dam sall sl mi)g )8 &
b bl Adlie a3 LS g Sl Appblinall GLLlEN ae Lyl 585 @A)y LISl (al sall
LS a5l 5l e g Bl Adlial YA (e A Sl el sl 5 dannlalind) 5 coercivity
Juis KU ana = )5 Cus skl galal JSas cu il asa s TEM, FT-IR, XRD @il < ekl
oalsdll i VSM gl cielals deadinal a5kl o lalde) ylagl 50 5 25 om

5l A 30k 5 IS (e Agunlalinel Ll () dpsaline 5 ) (e 5l ST dpuslalinl)
b2 al sa Al ) iy ¢ Adlidie Caty Cul Jll 5 A ) () s SI Canlil (e adliie jaucan o
il mha e cu il LS e an) 58 ) s2a Sl Cua ddlidal) cluldll aladiuly Jagllaal)
AL LS jall Ay o<l 5 dpuphlindl Gal &l 4 iU il el LS ¢ 45l G g S

(tama & b A 5eSU Al il < jeldal ety <y 8l (5 gine



slaall (e dpmaall ol jaall dapall A1) A (20% 5 %10 ) 4 silil) LS Jiall 301 Cuny o
Gl A Cua e Aladl) juaadl) 38 Hha g Alviead) dghlinadl duleall (Ko ale 4 5L
Jiinall (8 Lgalaind a5 of 4 ) LS il Lle Jguanl o3 ) Al gl ) jiaY) 508 caila
Andlaal) lidas b

ol 5 @l s Al )l Aalide sty CO1xZNuFe204/MWCNTS sans a3 ol il
O Lulie A1 alasiuly S jiall Ay S5 Aphalinall g ) jally Sl palall o
Lol all s dpsdlind) el sal) e )5S S ol @il s jpas o @il @ jedals oo S) il
Slo ity A Sl maad Jaage and gl 4 568l al A1 @ jedal | US) jall 4y 568U
Al ¢ sa S il e (g gint A clipall abaall o sl < jelal Loty e il (50 KU il

A 8 a5 (0.6 — 0.4 — 0.0 =x ) &l S all ) i) Bulae 50liS Al 2 3
Gl aga s o Adaadle &3 all dadlead 30kaiS 45 glall olaall (e ¢ pendl dapall &15Y Lede o3l
Cold PA e DY ke e cail I3 i &) lS) ) 8 cy @l g siae
A0 couaddll ey SN (55 (e s el jend) Danall A1) o Aaa e 5 ASL ) ey

L@A&'ﬁm‘,:\l\)\ﬁ\'&;h&dﬁ;ﬂ\ @jﬁj\)ﬂ\&;)d)&}aﬂ\



Decoration of Multi-Walled Carbon Nanotubes with Magnetic

Co-Zn Ferrites for Treatment of Dyeing Wastewater

Submitted By

Najwa Jamaan Hasan Alzahrani

A thesis
Submitted in partial fulfillment of the requirement for the degree of Master of

Science [Chemistry]

Supervisors

Prof. Dr. M.A. Gabal Dr. Y.M. Al Angari
Professor of Physical Chemistry Assoc. Professor of Physical Chemistry
Chemistry Department Chemistry Department
Faculty of Science Faculty of Science
King Abdulaziz University King Abdulaziz University
Jeddah Jeddah

1440 H - 2018 G



Abstract

In this study, CoFe>Os nanoparticles were synthesized using simple, economic and
environmentally friendly auto-combustion methods including sol-gel methods. Differential
thermal analysis-thermogravimetry-differential scanning calorimetry (DTA-TG-DSC) techniques
were used to characterize auto-combustion reactions and followed ferrites formation. Structural,
morphological, magnetic and electrical properties were studied using X-ray diffraction (XRD),
Fourier transform infrared (FT-IR), Transmission electron microscopy (TEM), vibrating sample
magnetometer (VSM) and conductivity as well as dielectric measurements as a function of both
frequency and temperature.

Co1-xZnxFe204 ferrites (0.0 < x < 0.1) were synthesized and characterized using sol-gel
method. Based on the obtained structural parameters, an appropriate cation distribution was
suggested and reinforced via electrical and magnetic properties measurements. The changes in
the magnetization, coercivity and electrical properties by the addition of zinc was discussed in
the view of the influence of cationic stoichiometry.

CoFe,O4/MWCNTs magnetic nano-composites containing different ferrite weight
percents ranging from 10 % to 90 % were prepared via sol-gel method. The structure, thermal,
and electro-magnetic properties of the nano-composites were characterized using different
techniques. The structural properties exhibited well decorated magnetic nanocrystals on the outer
surfaces of MWCNTSs showing a gradual change in their sizes with increasing their ratio. The
electrical measurements exhibited metallic behavior for all nano-composites and the conductivity
of the MWCNTs predominates over that of the entire ferrite. The decoration of the ferrite
nanoparticles on MWCNTs surfaces was clearly visualized through TEM measurements.

Depending on the magnetic sensitivity besides large adsorption surface are adsorption



experiments were carried out to investigate the adsorption capability of the prepared nano-
composites for the removal of acid red dye (AR) from wastewater.

Zn-substituted cobalt ferrite/MWCNTSs nano-composites were successfully prepared via
gelatin method. The reduction in the MWCNTSs thermal stability by CoZnFe>Os addition
indicated the catalytic ability of ferrite on MWCNT oxidative decomposition which obviously
decreases by Zn-substitution. The Ac-conductivity measurements showed metallic conduction
and did not exhibit any changes due to the presence of ferrites or Zn-substitution. Accordingly,
the nano-composites were examined for adsorption of acid red dye from aqueous media and the

Zn-content did not affect the adsorption process.



