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Background and Obijectives: This study aimed to compare two chemical
reducing agents for silver nanoparticle synthesis, sodium borohydride
(Ag/NaBH,) and trisodium citrate (Ag/TSC), and to evaluate their effects
on nanoparticle morphology, antibacterial performance, and the optical and
mechanical properties of paper. In the chemical synthesis of silver
nanoparticles, the type of reducing agent plays a decisive role in
determining particle size, size distribution, colloidal stability, and final
nanoparticle properties by controlling the reduction rate of Ag* to Ag® and
governing nucleation and growth processes. Accordingly, the primary
focus of this study was to elucidate the role of the reducing agent in
controlling particle size, colloidal stability, nanoparticle deposition patterns
on fiber surfaces, and the ultimate performance of the modified paper.

Materials and Methods: Silver nanoparticles were synthesized from a
silver nitrate precursor by chemical reduction using trisodium citrate and
sodium borohydride as reducing agents. In the Ag/TSC route, the silver
nitrate solution was heated to boiling, followed by dropwise addition of
trisodium citrate solution. In the Ag/NaBH, route, sodium borohydride
solution was reacted with silver nitrate solution after cooling in an ice bath;
the resulting solution was freeze-dried and redispersed in distilled water to
obtain a final concentration of 90 ppm. Handsheets with a basis weight of
60 g/m2 were prepared and surface-modified by immersion in silver
nanoparticle solutions for 10 seconds, followed by drying at ambient
temperature. Antibacterial activity was assessed by measuring the inhibition
zone diameter against Gram-negative bacteria (Escherichia coli, Pseudomonas
aeruginosa) and Gram-positive bacteria (Staphylococcus aureus,
Staphylococcus epidermidis). Nanoparticle formation was examined by
ultraviolet-visible spectroscopy (UV-Vis), and nanoparticle morphology
and surface deposition on fiber surfaces were studied using field-emission
scanning electron microscopy (FESEM). Optical properties, including
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brightness and opacity, and mechanical properties, including tensile
strength and tear strength, were measured. Data were analyzed using
one-way analysis of variance (ANOVA).

Results: UV-Vis spectroscopy showed that both nanoparticle systems
exhibited a distinct surface plasmon resonance band near 400 nm,
confirming successful formation of silver nanoparticles. FESEM images
revealed that the average particle sizes of the Ag/NaBH, and Ag/TSC
systems were approximately 20 and 22 nm, respectively. Despite similar
particle sizes, the AgQ/TSC system exhibited a more uniform surface
distribution, whereas the Ag/NaBH, system showed localized aggregations
attributed to rapid nucleation, the absence of a strong surface stabilizer,
freeze-drying, and greater redistribution upon application to paper.
Antibacterial tests of both nanoparticle solutions and modified papers
demonstrated that both systems had notable inhibitory effects against the
tested bacteria; however, Ag/NaBH, generally produced larger inhibition
zones. After nanoparticle immobilization on the paper surface, antibacterial
activity was maintained, while the control paper showed no considerable
inhibitory effect. The effects of treatment type, bacterial strain, and their
interaction were significant at the 1% probability level. The highest
sensitivity was observed for S. epidermidis, whereas P. aeruginosa showed
the lowest sensitivity. Modification of paper with silver nanoparticles
significantly affected the optical and strength properties at the 99%
confidence level. Both treatments increased opacity and reduced
brightness, with a more pronounced brightness reduction in the
AQ/TSC-treated paper. The tensile index decreased in both treatments,
particularly in Ag/TSC, whereas the tear index showed no significant
difference compared with the control.

Conclusion: Both chemical synthesis routes were capable of producing
silver nanoparticles effective for antibacterial modification of paper.
However, the Ag/NaBH,, system showed stronger inhibitory performance,
particularly against Gram-positive bacteria, which may be associated with
its slightly smaller particle size and greater bioavailability of active silver
species. In contrast, Ag/TSC exhibited a stronger plasmonic response and a
more uniform surface distribution, but caused greater reductions in paper
brightness and tensile strength. Therefore, the selection of an appropriate
reducing agent for producing silver nanoparticle-based antibacterial papers
should be based on a balance among antibacterial activity, nanoparticle
distribution uniformity, and preservation of the optical and mechanical
properties of paper.
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Figure 2. Field-emission scanning electron microscopy (FE-SEM) micrographs showing the morphology of
silver nanoparticles and their deposition pattern on the surface of paper fibers: (a) silver nanoparticles
synthesized using sodium borohydride (Ag/NaBH,); (b) silver nanoparticles synthesized using trisodium
citrate (Ag/TSC); (c) surface of paper modified with Ag/NaBH, nanoparticles; and (d) surface of paper
modified with Ag/TSC nanoparticles.
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Figure 3. Evaluation of the antibacterial activity of the colloidal silver nanoparticle solution synthesized
using sodium borohydride (Ag/NaBH,) based on inhibition-zone formation against different bacterial strains:
(a) Escherichia coli; (b) Pseudomonas aeruginosa; (c) Staphylococcus aureus; and (d) Staphylococcus epidermidis.
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Figure 4. Evaluation of the antibacterial activity of the colloidal silver nanoparticle solution synthesized
using trisodium citrate (Ag/TSC) based on inhibition-zone formation against different bacterial strains:
(A) Escherichia coli, (B) Pseudomonas aeruginosa, (C) Staphylococcus aureus and (D) Staphylococcus epidermidis.
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Figure 5. Effect of colloidal silver nanoparticle solutions on the inhibition of different bacterial strains.
Uppercase letters indicate significant differences resulting from the interaction between treatment and
bacterial strain, whereas lowercase letters indicate significant differences among treatments according to
Duncan’s multiple range test at the 1% probability level.
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Figure 6. Evaluation of the antibacterial activity of paper modified with silver nanoparticles synthesized
using sodium borohydride (Ag/NaBH,) based on inhibition-zone formation against different bacterial strains:
(A) Escherichia coli, (B) Pseudomonas aeruginosa, (C) Staphylococcus aureus and (D) Staphylococcus epidermidis.
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Figure 7. Evaluation of the antibacterial activity of paper modified with silver nanoparticles synthesized
using trisodium citrate (Ag/TSC) based on inhibition-zone formation against different bacterial strains:
(A) Escherichia coli, (B) Pseudomonas aeruginosa, (C) Staphylococcus aureus and (D) Staphylococcus epidermidis.
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Figure 8. Effect of silver nanoparticle-based paper modification on the reduction of growth of different
bacterial strains. Uppercase letters indicate significant differences associated with the interaction between

treatment type and bacterial strain, whereas lowercase letters indicate significant differences among
treatments according to Duncan’s multiple range test at the 0.01 significance level.
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Figure 9. Effect of surface modification of paper with silver nanoparticles synthesized via different chemical
reduction routes on paper opacity.
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Figure 10. Effect of surface modification of paper with silver nanoparticles synthesized via different chemical
reduction routes on paper brightness.

njilb S 3 das alssl 1y by, 3l ass
3 e S A ke SRy 0
e JJ‘_,SL;: Wﬁﬁ Cwu" Jlez! E) JS&:;_,S
3ok esls g SeS Ul ck.wjl P 3 g
JSE el cplply il 508 b asy, tals
L;LA.,\.QLS f‘jb BE r.@,o M)\j,a &.ﬁ aMJQu Ve
S P O T PO Py W
Loz 35 1 Slo s 2l Shas Sl L5

Mbe\j@wﬁ_})utbwlkﬁw

RN

Coes AQITSC w0l 55 pdsy 5 e als

Gl K, wus L Yle-| Ag/NaBH, «
G| .19.».7]& Q\)J).’Lu:;h.u@)_’: aﬁ}d.).:‘rjls
(}ALG » Q)w &:J\ﬁ.w 4@\):.:,; ('J..J\ML;JS &_}) L
E) DJ‘J J:" L;QJLL»UJD/J‘ eJ&S)‘.,\.iL“. u.ll.&.: codals
gl O3S Sl G SEH S mis NS
ax S| ot oSS &5 O YY) S sbea! U
Clke b s s ol SLAS Sl B )

BERE IS )‘_}3 Qbh‘yb L;:‘}A.w% u.)a— 9 Li..:)



Ol s o2 g (PSS  guwss 8 52dro B [ eee 3 8,85 139510 S yuunno 1

G 5 b Wi i Sl L oSl
3 Sosabss Ll clsd il Olses ele
DL o5 o g Sl Sen e 03 SSC2
033 5 GAom bl el Sl i
S s Bl O ey S
Bl s edilin ) sk Jeb LSy 0 glaey S
ppd SUL Gy S sladisy S LSS
sl GLids b by Slrend s
Joe 5 S BB Olpea Lilg e Sl3sL0
LAl 1 U S s s el 5K JUEml 5 s

.Las

160 -
140 -
120 -
100 -

40 A

Tensile Index (Nm/g)

20 -

(NM/g) i ol s cuslie Laxls

53 LI (gypab s S das e 0L VY S
el alS e o8 DL U gl sl
et Dl F e Al RSl 53 Cnglie
OF Jldie 0508 5 Mals BE6 4 by 23S
R ey AQ/TSC L s il SIS 4, Ly
Cws AQITSC [l 5o iS Lasls ials
o la ol Sl me g5l ks 51 Ag/NaBH, «
Slagatls pils J S GRS Sl
(Iom SLsy TS 4 e B S
5 oot Sl ol Sl mlaw

3l o ;;.u Q;j MLS G &w» d:?ljg,:

Control

Ag/NaBH4

Ag/TSC

Conglia Gasls g gland Al il gla e Sl et o B S350 b RIS (oedaw Mol 10N IS

..\.9\5 ‘__,:...15 ﬁ'ﬁ BL
Figure 11. Effect of surface modification of paper with silver nanoparticles synthesized via different chemical
reduction routes on the tensile index of paper.
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Figure 12. Effect of surface modification of paper with silver nanoparticles synthesized via different chemical
reduction routes on the tear index of paper.

SIRP-C RS PP SRS VENEJ S R
(oS o3 st oA Lsm 4 wly glacslie
clels gladbile ol p i, ol cdl Jals
‘flj o )LE:J\J{LS LS}U Q‘):’)-.‘U L’ °-\-:’Cw\

A

3 seslie (s sl Sy Ok bl ks

gﬁ: oMJOLﬁJ \Y G A dug}.{,& GLIJ LL;’L:J:SL’M
L o.,\.icw| slisls s e 63, hes 43lse
AgNPS L' Cw‘ ctJJb k_i.l )‘ C,..A‘ aji; Ql‘))yb

LA Coolt sbxl 5 Sl Ll Co e



Ol s o2 g (PSS  guwss 8 52dro B [ eee 3 8,85 139510 S yuunno 1

o Mol & das e 0L 35 RIS el
S i | o sladise 5l ise Ll e
DL Sk pastla Ul e eiSpde nl s L
0 A Uy s Gl ol jlle oS aas s
@by A B SS eSS ple s Ceslis
chle s 0,8 Syl ol ply sl sl Las
5 6ASLLS 5 Shes L 88 Llazil s 4+ ppm
o Oljen plaws gl Ll skl VL S
L 5 g sy, o SLas s See
5 Ose¥sed Gileane (SO slacsslis

(5 325 g
VMSMJJJAAS)‘JQWJAJEJ‘@UJ
RS 5 dodr s e 2 e plend
Oyl ey b o, D350 o B o s
ShSLLS Cools Kilg e 5 L ) Lels
JMS JL>r_‘:“ bMCw‘ J.OLS )J b LS)‘JL;‘&“
W= pll

- a co.,\;;s)\.)\il.;

5 oedals Ll casle s
53 plete lajls, 6)5&9
BB PPN N 1 S5 N FRICH P gt
(e 3 Shes Colg 3 5 SUl Rl 350
Ag/NaBH, «bl. s s SO 5 6,8
ezl 5 5SS bl O3l WS Woa
O P PV S| PR POLC R I P S W
3 Ses QB Gl ol Sl ey a5 G5 SIS

Shporl o Ol s Sl S8 alShae

CJ}L&J

5 FSon A, ede sbadls slml 3 oehsa
daliio L5 oo S Gl S 5t (51
Olojen i 1>  AGITSC wlal ¢ blas )3 35
LSPR jeoly o3l 5 2alS 2l 3 55 &
S SN GFLH A b S 5 S

M4

sl LSl 5 g5 5 Ses AGY 0y
2 gled 5 (S B s e S
L Glae 5 sl 35 ke il sl
s s (YY) 0 5 ) ailas, claasl
o, D3 al e i, okl (Y010) Ola
Lol ST, o  aKh (3 o3lul  Lwas
3 8as Ol ol a3 5 LB e (65,
i A IS Sz ol bk 5 ol Sb
Ll b s i s, ol ol aly (Y0 YY) 5 ls
Sl 35S bl e 5,8 bl il Aol
wbstas s 5 YW sk oo glas S
s AQ/NaBH, [l 55 o oyl 5 i Coenl
s 5 6l bl i, o iy e AGITSC
Al VL el EiS Cslas 5 sy, &S
WS Ay eled Ol higl Hlde b
Jla=l 5 0y S
oS o o8 sk 5L L b slrediasdlasl

3l eslanl Slhas
5> (YV) e 5 sslae, 2pd (iluang
S Ll Ol S B g, s lasdles
I Leodl oy 4 eddmn o8 O35t
ppm Ve U Yo glackle 5 £V/Y nm Sle
B ool 5 glidy, Jlsliae 28l o
bhim ol Slis ool S Jbys Xd e
ol yol andles glaasl b oams ool 335
(35 A5 3 QS 3 Sles oy Dl
(Y0) Cssl san 225 SIS
L Ll ASlol a5 sl Ol mls § gameay
sAQINABH, s 95 4 el jmiw o ,i Sl3 40
sba 1 B s Sk k=l AQ/TSC
33 2 03 Sl GRSl el i (ol pe
oyam 5 o el SASly bl Sl s
(b el el LS S s Sl gl e
5 Syl Sl 4 AGITSC Jlas s ohsa

S gl e esls s AgNPs I K,



Veeo Y a,LMS FY 2,93 s‘,li;ég T d”l}és eole g \idg5 &g suid

Ll g e S alsle 55 a0 8 s

SIS anw i gl ar s LB alas Sy, Olsew
53 Wdpll (S 13 eslinad 5,5 oSl
GG LB s 4 plaes & al S
w5 AgNaBH, e il Ol Lol jlae
AYITSC s« Jlis 55 35300 b3l (6 5mlin
Eol LD Sy S S gl Gl
A1 55 e Sl ST oMl S Sl
U5 combal Gl 52,8 13 a5 2550 Ll e
Sy Sl e Olgea |, Ag/INaBH, e
2 Lo te 08 olely gl SLAS A28 Ay
Wil (L ilwang ST Sldlas 5 SOT
(b stas s See plss (235l e S
3 G Sl 508 & les oL

1.Rodrigues, A. S., Batista, J. G. S,
Rodrigues, M. A. V., Thipe, V. C.,
Minarini, L. A. R., Lopes, P. S,, &
Lugdo, A. B. (2024). Advances in silver
nanoparticles: A comprehensive review
on their potential as antimicrobial agents
and their mechanisms of action elucidated
by proteomics. Frontiers in Microbiology.
15, 1440065. https://doi.org/10.3389/
fmicb.2024.1440065.

2.More, P. R., Pandit, S., De Filippis, A.,
Franci, G., Mijakovic, I., & Galdiero, M.
(2023). Silver nanoparticles: Bactericidal
and mechanistic approach against drug
resistant pathogens. Microorganisms.
11(2), 369. https://doi.org/10.3390/
microorganisms11020369.

3.Dube, E., & Okuthe, G. E. (2025). Silver
nanoparticle-based antimicrobial coatings:
Sustainable  strategies  for  microbial
contamination ~ control. ~ Microbiology
Research. 16(6), 110. https://doi.org/10.
3390/microbiolres16060110.

VY

‘L;L‘ Lf:'i‘J'a\ L' ep L)'-i‘ L Q‘)b}.’b JJGJ 7w5” S
JJJA)MN sl B ‘;.\-:Jj) a5y J;LJ’”:J JLMS
OL“J'V-“ Sl ekasOlis aS 54 ol jen 1AS Ll
SLOES ey 5 o5 BB Ss 2 e O

RUSUH RN V2L W0

PN P o B N
o)\.,\.:‘ CU L@_J oJ,E.': Q\)J}JL L: o.LZCMao\ L;LAJ&[S
St Ol odzmy JSon 5l S (s )3

d)}; 5}>u. cch..u &:‘; géu\;jg LSJ“‘\'iLi ‘).:AAN

AGH oy gslesliT LS 5k 5 U L ols st

B SRRy SIS (e 3 g b
w8 Ll s 5 chale s oS was e 0l S

SO 5 i B2 e Sl (g ol 5o
S Ses ol SISl 4 gl el e

9 &k.w Sle, <L;9L:.”u,:4 6(.&.).5},3' » L".Jw.c m),i

el 035 IS S (6) 5 e S

4.Asharani, P. V., Wu, Y. L., Gong, Z., &
Valiyaveettil, S. (2008). Toxicity of silver
nanoparticles in  zebrafish  models.
Nanotechnology. 19(25), 255102. https://
doi.org/10.1088/0957-4484/19/25/255102.

5.lvask, A., Kurvet, |., Kasemets, K.,
Blinova, I., Aruoja, V., Suppi, S., &
Kahru, A. (2014). Size-dependent toxicity
of silver nanoparticles to bacteria, yeast,
algae, crustaceans and mammalian cells
in vitro. PLOS ONE, 9(7), e102324.
https:// doi.org/ 10.1371/ journal.pone.
0102324.

6.Duman, H., Eker, F., Akdasci, E.,
Witkowska, A. M., Bechelany, M., &
Karav, S. (2024). Silver nanoparticles: A
comprehensive review of synthesis
methods and chemical and physical
properties. Nanomaterials. 14(18), 1527.
https://doi.org/10.3390/nan014181527.

7.Marinescu, L., Ficai, D., Ficai, A., Oprea,
O., Nicoara, A. 1., Vasile, B. S., Boanta,
L., Marin, A., Andronescu, E., & Holban,


https://doi.org/10.3389/fmicb.2024.1440065
https://doi.org/10.3389/fmicb.2024.1440065
https://doi.org/10.3390/microorganisms11020369
https://doi.org/10.3390/microorganisms11020369
https://doi.org/10.3390/microbiolres16060110
https://doi.org/10.3390/microbiolres16060110
https://doi.org/10.1088/0957-4484/19/25/255102
https://doi.org/10.1088/0957-4484/19/25/255102
https://doi.org/10.1371/journal.pone.0102324
https://doi.org/10.1371/journal.pone.0102324
https://doi.org/10.3390/nano14181527

Ol s o2 g (PSS  guwss 8 52dro B [ eee 3 8,85 139510 S yuunno 1

A. M. (2022). Comparative antimicrobial
activity of silver nanoparticles obtained
by wet chemical reduction and solvothermal
methods.  International  Journal  of
Molecular  Sciences. 23(11), 5982.
https://doi.org/10.3390/ijms23115982.
8.Chien, H. W., Tsai, M. Y., Kuo, C. J., &
Lin, C. L. (2021). Well-dispersed silver
nanoparticles on cellulose filter paper

for bacterial removal. Nanomaterials.
11(3), 595. https://doi.org/10.3390/
nano11030595.

9.Rehan, M., Mashaly, H. M., Abdel-Aziz,
M. S., Abdelhameed, R. M., & Montaser,
A. S. (2024). Viscose fibers decorated
with silver nanoparticles via an in-situ
green route: UV protection, antioxidant
activities, antimicrobial properties, and
sensing response. Cellulose. 31, 5899-5930.
https:// doi.org/ 10.1007/ s10570-024-
05856-2.

10.Khatoon, U. T., Velidandi, A., &
Nageswara Rao, G. V. S. (2023).
Sodium borohydride mediated synthesis
of nano-sized silver particles: Their
characterization, anti-microbial and
cytotoxicity studies. Materials
Chemistry and Physics. 294, 126997.
https://doi.org/10.1016/j.matchemphys
.2022.126997.

11 Jafarifard, A., Naseri Nasero, M., &
Makarem, M. A. (2018). Methods of
synthesis of silver nanoparticles and
Their applications. Congress on new
research ideas in engineering science,
technology, electrical & computer
science. Pp: 2171-2179.

12.Bastus, N. G., Merkogi, F., Piella, J., &
Puntes, V. (2014). Synthesis of highly
monodisperse citrate-stabilized silver
nanoparticles  of  controlled  sizes.
Chemistry of Materials. 26(9), 2836-2846.
https://doi.org/10.1021/cm5006868.

13.Solomon, S. D., Bahadory, M.,
Jeyarajasingam, A. V., Rutkowsky,
S. A, Boritz, C.,, & Mulfinger, L.
(2007).  Synthesis and study of
silver  nanoparticles.  Journal  of
Chemical Education. 84(2), 322-325.
https://doi.org/10.1021/ed084p322.

DA

14.Loiseau, A., Asila, V., Boitel-Aullen, G.,
Lam, M., Salmain, M., & Boujday, S.

(2019). Silver-based plasmonic
nanoparticles for and their use in
biosensing.  Biosensors.  9(2), 78.

https://doi.org/10.3390/bios9020078.

15.Adrianto, N., Panre, A. M., Istiqgomah,
N. I, Riswan, M., Apriliani, F., &
Suharyadi, E. (2022). Localized surface
plasmon resonance properties of green
synthesized silver nanoparticles. Nano-
Structures & Nano-Objects. 31, 100895.
https://doi.org/10.1016/j.nan0so.2022.
100895.

16.Chicea, D., Nicolae-Maranciuc, A.,
Doroshkevich, A. S., Chicea, L. M., &
Ozkendir, O. M. (2023). Comparative
synthesis of silver  nanoparticles:
Evaluation of chemical reduction
procedures, AFM and DLS size analysis.
Materials. 16(15), 5244. https://doi.org/
10.3390/mal6155244.

17.Juma, M. W., Birech, Z., Mwenze,
N. M., Ondieki, A. M., Maaza, M., &
Mokhotjwa, S. D. (2024). Localized
surface plasmon resonance sensing of
trenbolone acetate dopant using silver
nanoparticles. Scientific Reports. 14, 5721.
https:// doi.org/ 10.1038/ s41598-024-
56456-w.

18.Yakoup, A. Y., Kamel, A. G,
Elbermawy, Y., Abdelsattar, A. S., &
El-Shibiny, A. (2024). Characterization,
antibacterial, and cytotoxic activities of
silver nanoparticles using the whole
biofilm layer as a macromolecule in
biosynthesis. Scientific Reports. 14, 364.
https:// doi.org/ 10.1038/ s41598-023-
50548-9.

19.Hubbe, M. A., Pawlak, J. J, &
Koukoulas, A. A. (2008). Paper’s
appearance: A review. BioResources.
3(2), 627-665.

20.Niskanen, K. (Ed.).
Physics. Fapet Oy.

21.He, Y., Li, H., Fei, X., & Peng, L.
(2021). Carboxymethyl cellulose/cellulose
nanocrystals immobilized silver
nanoparticles as an effective coating to
improve barrier and antibacterial
properties of paper for food packaging

(1998). Paper


https://doi.org/10.3390/ijms23115982
https://doi.org/10.3390/nano11030595
https://doi.org/10.3390/nano11030595
https://doi.org/10.1007/s10570-024-05856-2
https://doi.org/10.1007/s10570-024-05856-2
https://doi.org/10.1016/j.matchemphys.2022.126997
https://doi.org/10.1016/j.matchemphys.2022.126997
https://doi.org/10.1021/cm5006868
https://doi.org/10.1021/ed084p322
https://doi.org/10.3390/bios9020078
https://doi.org/10.1016/j.nanoso.2022.100895
https://doi.org/10.1016/j.nanoso.2022.100895
https://doi.org/10.3390/ma16155244
https://doi.org/10.3390/ma16155244
https://doi.org/10.1038/s41598-024-56456-w
https://doi.org/10.1038/s41598-024-56456-w
https://doi.org/10.1038/s41598-023-50548-9
https://doi.org/10.1038/s41598-023-50548-9

Veeo Y a,Lo.».S FY 2,93 s‘,li;ég T d”l}és eole g \idg5 &g suid

applications. Carbohydrate Polymers.
252, 117156. https://doi.org/10.1016/
j.carbpol.2020.117156.

22.Tahir, I, Amina, S. J., Ahmad, N. M., &

Janjua, H. A. (2024). Antimicrobial
coating of biologically synthesized
silver nanoparticles on surgical fabric
and surgical blade to prevent nosocomial
infections. Heliyon. 10(17), 35968.
https://doi.org/10.1016/j.heliyon.2024.
€35968.

23.Afra, E., Mohammadi, M., Emani, R.,

Narchin, P., & Roshani, Sh. (2015).
Improvement of the antibacterial
properties of sanitary papers using by
silver nano particles. Journal of Wood &
Forest Science and Technology.
22 (2), 119-135. http://jwfst.gau.ac.ir.

\YYy

24.Yazdani Aghmashhadi, O., Asadpour

Atoee, Gh., Rasooly Garmaroody, E., &
Imani, R. (2017). Study of physical,
optical and biological properties of
antibacterial bank-note paper including
Nano-silver. Journal of Wood & Forest
Science and Technology. 24 (2), 87-101.
http://jwfst.gau.ac.ir.

25.Ramezanpour-Charvadeh, M., Rudi, H.,

Jalali-Torshizi, H., & Ghomi
marzdashti, H. (2019). Effect of silver
nanoparticles prepared by plasma
method on properties of papers made
from Kraft pulp. 34(1), 76-88.
https://dx.doi.org/10.22092/ijwpr.2019.
124574.1511.


https://doi.org/10.1016/j.carbpol.2020.117156
https://doi.org/10.1016/j.carbpol.2020.117156
https://doi.org/10.1016/j.heliyon.2024.e35968
https://doi.org/10.1016/j.heliyon.2024.e35968
http://jwfst.gau.ac.ir/
http://jwfst.gau.ac.ir/
https://dx.doi.org/10.22092/ijwpr.2019.124574.1511
https://dx.doi.org/10.22092/ijwpr.2019.124574.1511

