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Introduction Objectives

Zinc oxide nanoparticles (ZnO-NPs) are widely recognized as effective

photocatalysts for environmental remediation owing to their high chemical
stability and strong photoactivity. However, conventional synthesis methods often 2. To investigate the relationship between the bulk and surface properties of synthesized

involve toxic reagents and high energy consumption. Green synthesis using plant ZnO-NPs and their photocatalytic performance toward formaldehyde (HCHO) degradation.
extracts has emerged as a sustainable alternative, where phytochemicals,

particularly flavonoids, play a crucial role in controlling nanoparticle nucleation,
growth, and surface properties. Experimental

In this study, flavonoid-rich Kamphaeng Saen roselle calyx extract was
employed as a green reagent for the rapid microwave-assisted synthesis of ZnO-
NPs. The synthesized ZnO-NPs exhibited a highly crystalline hexagonal structure

1. To synthesize ZnO NPs using roselle calyx extract through microwave-assisted.

Characterization

with irregular particle shape. Surface characteristics and photocatalytic UV
performance were systematically investigated, with particular emphasis on surface -t Photocatalysis
electron trap density. The results highlight the dominant role of surface Extraction of roselle Microwave synthesis of ZnO el
oroperties over bulk structure in governing photocatalytic activity and reveal the
notential of green-synthesized ZnO nanoparticles as efficient and sustainable
ohotocatalysts for environmental remediation.
c-Zn0-20% R N
:_.E c-Zn0-15% ﬂ | L 5 Y T
T | c¢Zn0-10% A L\ 5 A e
20 25 30 25 40 45 50 53 60 65 70 [ 80
2-Theta
Obtanled Zn0 pOWder Figure 1. XRD patterns of ZnO NPs. Figure 2. FE-SEM images of ZnO NPs.
Time (min) S e 0% fele ) -"efe;.e_ e j% peak | ¢-Zn0O-0% | ¢-ZnO-5% | c-ZnO-10% | c-ZnO-15% | c-ZnO-20%
-60 -40 =30 0 20 40 60 80 100 120 ..e....e,- ......... .e...e- ..e,- ......... '.e.-..e-_.........l,e:.ﬁe- '_,e' ............ .. @ 1 0 1 2 1 ReprOdUCtion Of the reaction rate with
; | | | | | o - 4g 32 42 13 ;g a linear combination of peak compositions
l : l l . A 37 51 43 66 38
N o V 14 12 8 10 9 %conversion
Sa . 6 sum 100 | 100 | 100 | 100 | 100 r= lel + C”f” + CIIIfIII of HCHO at 20 min
20 —e-C-ZN0O-5% a = : ; 40
S 5 T 2 + cyfiv + oy
S ~-c-Zn0 10% c Sl T T SO, N W— > 5 79
o 9 = s | \ T 30
8 40 S —-C-Zn0O-15% _8 -.8- ..................... \ .............. Optimized cC :8 20 18. [ 15
g T a0 20% S T RN W W N L. | — £ 20 Y
£ ~-HCHO -?3; ° P ) z 0/‘
- < o & : R /,/ ............ o
20 L S y = 1.0055x
£ B /J .................... peak IV: sole g R2 = 0.9879
“ v -g [ <216 [ <a4s> ; < -
0 : : , . % 2-6: ¢-Zn0-0% | o-Zn0-5% | o-ZnO-10% | F—an)g—‘lf)% c—ZnE)?ZO% AEIVe SHTACE ° 10 actuza? — 0
'()°I° ,50'0 ,\00’0 ,‘\‘30’0 ﬂpg’g P . s . . \ : ! . :
10 6’7’00 C:LOO C-’L(\O C:L(\O U’L(\O ’ ° rel:;t(i)ve elegtron—trgp densisty (as t(i)tania)/}?mol g‘?e\l'1 ° h
Figure 3. The percentage degradation of HCHO over ZnO NPs by Figure 4. Comparison of photocatalytic activities of ZnO NPs with Figure 5. The energy-resolved distribution of the electron trap Figure 6. Statistical analysis of rate of HCHO conversion .
times under UV light irradiation. roselle extract concentration and electron trap densities. pattern of ZnO-NPs samples with a table showing
the %composition of five peaks.
Table 1 Characterization and photocatalytic activities of ZnO-NPs samples.
Sampl Crystallite size 59 SSA (m2/g) | Morphol Particles size (nm) | %degradation* h
ample (nm) (V) m2/g orphology articles size (nm odegradation Zn0 =5 e +h*
uv
c-Zn0-0% 23.93 3.24 9.78 50-180 26.3 h"+OH — OH
h*+H,0 — OH +H"
c-Zn0-5% 24.00 3.25 177 50-140 30.29 CO,
i e + 02 — '02-
c-Zn0-10% 25.83 3.25 1.97 irreqular 50-120 27.03 OH* H,O HCHO + OH — ‘CHO + H,0
h* h+ i _ +H? +HCHO
c-Zn0-15% 31.09 3.26 7.56 50-150 82.43 o CHO +°0, = HCO; — HCOOOH — HCOOH
, g Mt .
: HCOOH o HCOO™ = H,0 + €O,
c-Zn0-20% 21.16 3.23 7.39 120 23.06 H,O 9
HCOO = H* + CO;
* Photodegradation of HCHQ was p.erformed under UY light (365 n.m) using 0.5 mM HCHO solution (30 mL) with 30 mg of S 7. Pisteeteliic desrdaion medhansmefemmedE e _Coz_tcn;w’wcoz
photocatalyst. The degradation efficiency was determined at 30 min.
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irradiation demonstrated that the c-Zn0O-15% sample exhibited the highest
activity, achieving complete (100%) degradation of HCHO within 40 minutes

3.The photocatalytic activity was controlled by surface structural features rather '
than by bulk crystallinity, and RDB-PAS proved sensitive to changes in the touche
concentration of active surface structures across different synthesis routes.




