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Abstract:

This study aims to synthesize magnetic iron oxide nanoparticles FezOs and utilize them in
preparing a hybrid magnetic nanocomposite (iron oxide / cellulose) as a sustainable
biomasse support. The study adopted an experimental approach to synthesize these materials
via an eco-friendly green method using baker's yeast extract as a reducing agent. The study
sample consisted of the synthesized nanostructures and composites, which underwent
characterization and analysis using a suite of advanced techniques, including: Ultraviolet-
Visible (UV-Vis) spectroscopy, Fourier-Transform Infrared (FTIR) spectroscopy, and X-
ray spectroscopy, in addition to Electron Microscopy imaging. Furthermore, the
measurement tools included biological activity assays against specific microbes and
evaluation of photocatalytic efficiency in degrading organic pollutants under light irradiation

for 120 minutes.

The characterization results revealed that the fabricated nanocomposite possesses a spherical
shape with an average particle size of 15 nm. In the antimicrobial activity evaluation, the
pure iron oxide nanoparticles demonstrated superior performance and higher inhibitory
power against bacteria, with an inhibition zone diameter reaching 33 mm, compared to the
(iron oxide-cellulose) composite, which achieved an inhibitory capacity of 29 mm at the
same concentration (80 mg/mL). Environmental-wise, the hybrid iron oxide/cellulose
composite achieved a removal efficiency of 64.2% for Methylene Blue dye, while recording
a degradation efficiency of 49.4% for Rose Bengal dye, thereby outperforming the pure
oxide, which recorded 48.3%.

Based on the study's findings regarding the success of the (iron oxide / cellulose) composite
as a sustainable biomasse support that maintains catalytic performance, it is recommended

to expand the utilization of cellulose and bio-extracts as promising and cost-effective green
alternatives in nanotechnology.

Key words:

iron oxide, Cellulose, Green synthesis, Photocatalysis, Antibacterial activity.
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ATCC 25932 Luadll Logiall clyally (ATCC 27853 ayjlasill aishlly 25922
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Glaall aca clyldll Glalias Llled Loy (SDA) Slal 5g S 5 sl Jawg axddad Laiy
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Gy Jaled e gl 0.5 a)lSle jlns
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t Siasili 300 2 ikal) gl v
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: (XRD Analysis) diwad) dail) g Judas-3

(311)

Intensity (a.u)

Fe304& Cellulose

ke r— n

8.7 18.7 28.7 38,7 48,7 58.7 68.7 78,7
2 Théta (degree)

Gl Spally Aigilil) FesOs Glasaad (XRD) duiad) dai) 3g0a Jalail :(4) Sl

. Fes04/Cellulose

@il Sally Ligilill Fe304 cilepual (XRD) sl 42y 350 Jalail (X) J<all =gy
®35.6 20=30.2° Ws3l 2ic $aas 3gn add Fe30, Cilamen ciyeli .Fe;0,/Cellulose
((400) «(311) «(220) sl ligiasall ) 3525 AV 5 6245 <°57.6 54 °43.3
28y paall Sl (sl S sS5 S5 Lae o sl e (440) 5 «(511) (422)
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455l Fe30, cilaal XRD add ciliby :(1) Jgad)

(°)EWHM ‘ B hk \ )20
0.157 4921,4 (220) 30.2
0.008 33850,83 (311) 35.6
0.315 2292.17 (400) 433
0.079 11636,52 (422) 54.0
0.551 2783,7 (511) 57.6
0.118 7127,01 (440) 62.4

g Ll S8l 52 oSy Lok FE30, aad cupgls 33 (FesOa/Cellulose (sl Spall ducilly Ll
paliaily Golbual) ae gl laseall delin ) aaly elldy cdgill Fez0y ilasns 43)lia LS|
20 =°16 — Jaall & diaye clilhn jseh Langl LS (geilil) iSpall (0585 amy olall Ay
Closes pe Jshbiall s #lad 2S5 Lo Golbuall 5yglaall e 4ud dapdall ) 295 %23
aadl) & L) 3 8355 (2) Jgaadl 8 dayaall FWHM a8 copglil celly 1) dila) a5l Fe30,

- shldl zras s (yoll) aaal mlil Y s Lea « iil) Feg0, il ijlaa (g5ilil) S)all

.Fe;0,/Cellulose (5s:lill Spall XRD aed bl 1(2) Jgaad)

(°)FWHM ‘ sl hkl ‘ ©)20
0.551 6099.91 (311) 355
0.945 1268.28 (400) 43.03
0.630 1170.75 (422) 53.9
0.787 858.07 (511) 57.2
0.787 824.96 (440) 62.6
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Jaal) lAlael (Debye—Scherrer ity Aol sladiul (6)ell) aaall (il 0
y Dol e £ o~

85NM  Jsn il Fes04 cilamand (5yshill ansll iy 8520 = °35.5 xic (311) dyuasi
3539 O A i Les <Fe304/Cellulose (selill oSl 6 15 M s ) (i) Lai «

[31 [4] shl lagai (o anlly Ao silill Ciliopusn) S35 Ll 8 s les jsllasd)
SEMEDX 5 Y1y (Sgaal) Jolatl) il Addlia g )

@sslil) want) vusf Yl

1. spot

Element | Atomic| Weight| Oxide| Stoich.
Symbol| Conc.| Conc.|Symbol wt
Conc.

Fe|41.72 |73.10 Fe203)|82.28
C|45.54 |17.16
0|8.76 4.39
Cl|1.98 2.21
Mo |0.59 1.77
P|1.41 1.37

FOV: 21.5 um, Mode: 15kV - Map, Detector: SED, Time: MAY 6 2026 11:18

Spot 1 ssilill aaall 1Sy SEM EDX il ey 15 JSal
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Element | Atomic| Weight| Oxide| Stoich.
Symbol| Conc.| Conc.|Symbol wt
Conc.
Fe|31.71 |61.65 Fe203|72.32
C|49.31 (20.62
Cl{5.92 7.30
0(8.87 4.94
P|1.88 |2.03
Mo|0.49 |1.65
Na(1.17 |0.94 Na;0|1.04
K|0.65 |0.88

FOV: 21.5 um, Mode: 15kV - Map, Detector: SED, Time: MAY 6 2026 11:18

3 4 5 6 7 8 9 10 1 12 13

o 1 2
105,724 counts in 14 seconds

(Spot2) (gsilil) aasll aust SEM EDX gilii Jias :6 JSa)

(SEM) oaslshypall (SN (bt 2yl

Highly Porous ) dile 4l <l 4 (Spot 2) 5 (Spot 1) ¢ IS 4 SEM g sk

Aady Glalue g Dlgad Ao (ggian Ad)aie 45K salal) el Cua (Structure

(EDX) Slaasl ool sty
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j\ ((x—Fezo3) U'_t..'f.'\u_.}@j\ Fezo3 aa:ua L;l d}d&j\ ‘):LJ.\_..} 'Mjld\ .A:LAAJ\ .J:L«.AST [ J

Aol oal) 3lSY Dl SV gaall a5 (y-Fe205) cuaslll
DAY palially ilsall L2

@l Il ) oyras 29m 8 (%20 — %17) Dlle dawsy jeda :(C) 05Xl @
il dlee (o dagene Aga Llas ol (pandll ol Aual) ol ariiuaall g Sl)
Dy B lSl agag Alia sy ek 1(MO) asiiandsally ((P) seedll ¢(Cl) sisll @
(SIS <k Al et a2e g (FECH) aaall a)slS e 4l il alasind )

Sl erase usli ) i B Lea ¢(Spot 3) b el 1(K) assalisilly (N@) asigall o

[5][4] [3] [4] - 20V ascol pualiall 020 o (5533 2058 olasiad
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Sobibe —aaal) sl e Ll

Element | Atomic| Weight| Oxide| Stoich.
Symbol| Conc.| Conc.|Symbol wt
Conc.
Fe|18.69 [45.28 Fe,03]59.61

C|51.79 |26.98
0(22.58 |15.67
Ca|6.94 |12.07 Ca0O|15.55

Mag. Fw HV Int. Det. 2026-05-06 11:35
3600 x 74.6 ym 15kvV Map SED Namoussa.T.Y

FOV: 74.6 um, Mode: 15kV - Map, Detector: SED, Time: MAY 6 2026 11:35

0
90,294 counts in 30 seconds

(Spot 1) jshlur (geilil) paal) auusl ciSyal SEM EDX il Jiay 17 JSA)
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Element | Atomic| Weight| Oxide| Stoich.
Symbol| Conc.| Conc.|Symbol wt
Conc.
Ca|51.99 |62.59 Ca0|77.28
Te(4.95 |18.96
0(24.26 |11.66
C|18.81 |6.79

Mag. HV
3600x  74.6pm  15kV  Ma|

FOV: 74.6 um, Mode: 15kV - Map, Detector: SED, Time: MAY 6 2026 11:35

@

€%
[

0 1 2
109,857 counts in 11 seconds

(Spot 2) bl (geilill waal) i Spal SEM EDX il Jiay :8 (<)

(SEM) dadacdl) Linglsd) sall Jalas gl

2l e calian 5 Al 53 4y (Spot 2) 5 (Spot 1) 8 SEM jpm jelss v/

12 0al) sl

) Claswns daede o slhie Alaldie dadyg of daad PSS saldl jeda sddasdal) v
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sl S5a 9 EXT (g9ilil) ayand) apuas cpiiall cilig Saall Baliaal) 5,08 anidi 1

EXT

Antimicrobial activity

Lyl Saliaal) B8l ol

Negative Gram stain

Escherichia coli Pseudomonas aeruginosa

Anti-Cand

da activity

Candida albicans

QQ}.\L\S\ ;:m;l\ J_..\MS{}! ‘)L&'.'u\}.“ z\if)h ‘fj‘)SéA A bl UAMCUA‘B:‘ 2\:1‘).\;.;& 3y 111 JS:.J\

Gl aaal) auas LpaCull Saliaal) Ao ldl) s milii 03 Jgaa

Staphylococcus aureus

:CELL jsblus )

EXT (gsilid) spand) auasi o\

Positive Gram stain

Bacillus subilis _

Microbial inhibition (mm) EXT

mg/mL
Escherichia coli ATCC 25922
Pseudomonas aeruginosa ATCC 27853
Staphylococcus aureus ATCC 25932
Bacillus subtilis ATCC 25973

Candida albicans ATCC 10231

80
28

33
14

NI

40
23
15
26

8

20
16
11
22
NI

10
11
NI
17
NI

Anti-Candida activity

NI

NI

NI

Co.
Neg.
NI
NI
NI
NI

NI
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Negative Gram stain Positive Gram stain
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~
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Jobela —(9lil) waat) aasf Sl LpiSull Baliaal) Ao lal) HLad) milis 4 Jgan

Microbial inhibition (mm) CEL

mg/mL 80 40 20 10

Escherichia coli ATCC 25922 22 20 17 11

Pseudomonas aeruginosa ATCC 27853 22 19 13 9

Staphylococcus aureus ATCC 25932 29 27 25 18

Bacillus subtilis ATCC 25973 12 NI NI NI
Anti-Candida activity

Candida albicans ATCC 10231 NI NI NI NI

Co.
Neg.
NI
NI
NI
NI

NI

NI = No Inhibition
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S Ll il e Ly cale 12 i (Jo/3le80) oY) 5:S50 xie ) Ll
L3

Sl s & Candida albicans vz sl Llal cbe el gkl bl v/
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Transmission

T
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T
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T T T
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wWwavenumber (cm-1)
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T
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Fe3d O4 -cellulose




Intensity (a.u)

Fe30O4&Cellulose

18,7 28.7 38,7 48,7 58.7 68,7 78,7
2 Théta (degree)

1. spot

Element | Atomic Oxide| Stoich.
Symbol| Conc. Symbol wt
Conc.
41.72 Fe>03(82.28

45.54
8.76
1.98
0.59
1.41




Atomic
Conc.

31.71
49.31
5.92
8.87
1.88
0.49
1.17
0.65




Atomic
Conc.

18.69

51.79
22.58
6.94




Atomic
Conc.

51.99
4.95

24.26
18.81

FOV: 74.6 um, Mode: 15kV - Map, Detector: SED, Time: MAY 6 2026 11:35

®

[ 1 2
109,857 counts in 11 seconds
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Antimicrobial activity

Negative Gram stain Positive Gram stain

Escherichia coli Pseudomonas aeruginosa Staphylococcus aureus Bacillus subtilis

Anti-Candida activity
Candida albicans

Antimicrobial activity
Negative Gram stain Positive Gram stain

Pseudomonas acruginosa Staphylococeus aureus Bacillus subtilis

Anti-Candida activity
Candida albicans







