?{;{C’.{(/’U’/‘M%/“U
JRia g 092 659U 9 pole osiagds @t
YA ¢09d a)lom": 0,2 9 Comy M
http://jwfst.gau.ac.ir

0 481 gil (gl (5 ST LS WLl AEL (K9 30¥am 9 (539 59 18 ST 39 w i »

Tlanl L) 5 5u g,k 58 (sl gy Jasbacal (3 931 ) gl pnald ¢ agutia BT (3l 3 wsal®
QLS 5 g il 3,5 Slokid (gl b e 5 S ple oKL B 5 e mlio oS3 Sl
(g e oK B 5 Sk a5 655108 e 05 8 bl (ol b e 5 @3S psle oS
05 i g sl a5 oSl 3T olKils (5,5 alae 4t gal 51" o gS3l g (Ol 3

WWRONT/YY ¢ 5 ey ol YR/ P QNA (il s 06

S

31 Sl sl e 0,8 3 50 3 eslizal b g mSbas Wbl B8 W5 Guissd ol 5l Ol 1dds 5 4l
S p3 aS syls gy WSl S sl St a0l s LSl e g (ol Vsl SN L asdS
Jolpe JUasl sl O Jigme 0ad Consn s 5 oSl 5L o ol el i s Al 06y
S 0T il 5 ol a1 T ubSl o i ole Sl 3b S5k & 03,5 e 5 slisolen
<3 565 0l S esle ¢ 92 S p s IS 03 S (6 8L AS o gast 53 Sl amelr 3 65dl b
Cote b Olgeas ) Ol sS d 5 e L Olssa | 0,8 D13 50 5 el Sule LIS A5 g o8
5o LS 6, 8Lus Canlr Y slaes il b osls Ol e oy o LS G 655 (LDL) glaY &) o
Al e Pl 5!

ay SIS ol LT JElS st 5l (681 Ao STl BB A5 g ol ol 3t g, 9 8l g
Sl ams w0 AT 5l oKaes SaS L asy SUISUIG 9 J8lS et 4 gl p A ealizal s
Ve gles Ll s b OSssde S5 5l eslizad b ol Q8IS jeest e A ol VY PSR 550> 4J sl
TSR Slss axn B ol 2V 51 e 5 edis S (6,0, 4ids 1Y e 5 VY ssd= PH 5 ol S sl s
Lo, 50 ,8bas esle il sdila,y s PH 5 do s YV (S do s 4 o358l slse 035580 ) slauea
Lol bST o doys o/ Olses ol ety uest SE O35 elad o PPM Vev 5 V0 00 YO bz uslis
Slecas LB (SUIG 5 gle e 51O 51 w3 S ealizal o111 KaS Ol gew (C-PAM) 558
G alis Al 4 5ed Sl B L (6,5 5 [Sopmb Slas gt o 31 5ol atle o S 40 5kl
o SLE 8l 5 sl S S il (g SU 53 Ak pde dla Sl i, Sl el SC5 e Ogesl

A el S5 e L;uoyjﬁ o2l 6 SL s Olse

omidyazdani29@yah00.com :435 J is”

AY



IFAT(Y) ol (TE) s K g g (559U 9 pole (s idg sy 4 puid

S8 OF s 5 SRl Bl S Sl 5 b 3l 2SI Ol 0,8 U law G151 L sls 0L s tlaasily

Lgb\: olis c»b ‘é}jjj:-’ Q}AJT u..aj.\,a;- BE | CERY J:J'wajgscjﬂ Q}A)])b J—’u“‘ JJJAI:SL.{

..s.sjf&aj:‘.i.ﬁM)cxdujﬁgéﬁbuow)&aﬁjx%drm

O‘J'::ﬂ 3 JuJquma.?AMé.: e Q\J':.a Q\j;.QA.z Yo ppm IOy Q\)'.:.a waﬁﬁﬁjﬁbdﬂfw
Sl o o 5 il e dald B8 4 o5 Jls (05 Bl 5 LIS (S5 (gla, S YO PPM G yae
O RIBl s S Ul LIS e 3 0,8 SU Dol L eSOl S5 LB Ll J g8 BB S ol Sk

Lo~ J,3 J;.LE.J.;-);b.l.b\SLgLAg;»}LE.aﬁjs\bkﬁqdﬁpuw\}raglj}&uwt&d\ LS,

.J)a&d.

Li; pde s ol (5538 dal b ST (6 S Udss LIS (o 6L gl (sla s

= s AL b (K s o S
St el odle 4 il o s e ol
P R PR NV PRGN IV VA R
PR ) &S i 55 (8) Cl el sdalia
sl w Glate o alSal 2,6 Sl )
» (il b slaiizie) | sl
Vsl el o el Ol (S ke oK1
5 S Sl ankd frr 2S5 b sleys 5 e
ol b el s s eks w5 S S Ol
bles O S bl 51l OlE e
Ly ol S L Ll & S 0L el
3 s dtl el Ysame 3,8 o )3 G e
S a4 e Slew Jsp s 20l s Obes (]
S el s ok eyl xS Lle 4 Llg
(0) by Il sl 3l ey (S0 Jasl o (slakems s
el 5l doss £ ead b G0 Olidss s
}3 )rg,.?i.a f; GG w el Ol gla sl

Yoo L;"*'i .,\..:\ebﬁ qu""d C; éb‘)ﬂ 6\)\5 J».ﬂ)b

1- Dermatophytosis
2- Dermatophyte
3- Gram positive
4- Gram negative

A

Aolo
iy oSl by s 4 s e b

Ol 53 sl sl i (ol colbelae Sy
05 &S Sl 0L, 53 Wl andad 5 LI A 550
Jelie bosl 3l s ansl 3 dle VB 0 oy SO
O b bl (1) dimes it » s il
O 2 olasbe Sl sl bl sels
Col WSl Jige 008 s 5 05
Spdie amslr 3 ool chiolen Jolse Ja|
oS Ll s e Ol S OlS e Sosba
3 ot Sblen ey JUEI Lalys o 5k
o ALY cdls Sl | amal s S
am cplay Ol e 0US Jolie O 5 Sl bl
5 aS osba col ex gl Wdly ulSul &S s,
Sl isn Ok s Ol (gl el 0 S,
Sluls Guh s L S SLS a8 S
3o LIl L e Sl b s e pll
(M) das e sl s 1y Sl Jp 055
e rliSul (258 Sk (A3l Ol (o0 e
Coge iSOl o ool Slidss
Sbon mES osba s S
ol S s e Ol b el gy, AT

Sl



01y 5 (el (15 el

ol sl @ a5 el 635, Bl & ol
() L35 o S

Jolss boessle sy 5o 5 ol J= o
s bl 6 Sl slind SUIG 5 615 6 la
Shesliad baaly 55 on (gL sblse 5 0dd 5155
5l ol ol sl s JT e 5 JT ol
Sl 35 L3 a3 gy ST 68 258 0 (36 L
23 N Om 3D bley s Jalse Sl oS
Cib Ol5 e s ols SU Sl eslial LS -
Jolse OV0) s n SH L lag SL 5l aws
L ,S o 3 eslinal 550 G 3 oS (5 SLAs
Ao olge bzes JI 8 sl 5 JI sl Lelo
Ulpee GVb oWl b Tt
S Lyie sl LUSESL 5 b,
ol me e s Wl wlinde
GSLAS Lelge ez e ialS 1) Lol (o Sbas
5 b S Cueslie Glls 085U il JT e
Ol Glas 5tz Vb len ol O
LS 5l ol o i gl Jsle ool ez
S HIV sy s 5 edd arlld o SL
S b Sl e,k 50 Oy (Y el es s
sl S Sl 5 5 e sl 5 i (Lol
5 oped 3OY) Ksd e Lol )y 0 5l Esl
oL S a9y 0w 5L LS 5l eslatal

2 RS B 038 8L LS o st 5
S o8 b 5L 5 O sS ele g 5o )
b b3 S a el s S ady
St b Olgea 1 0l 5S lh3 5 s L Ol sy
el s alis G g, (LbL) glaY &) s
ol e slias 2131 L ad esls LA G
WY 3 Sk 4 oS e min obstus
Cogoa S g Sb A, 5 Sde slse 5l anla
Ay o 4 A SNl (08 cus

A

Glossy o S a o3 1 ol 1 la ubSal ds s
Sole p s LSl Oo g el i 5 Les
53 5y siS b 55 (V) s 68U 51 0T 03
ol 4B pdy Sy (3L Dlides o
534S sy Ol el 538 5 Slidss 4S5 sba
Ls.,\.olS LSLAUNL‘K.M'\ M)J f,Y 9 L&Ag..w M)J \V
5 p S S S el (6 S wedd (5ol
S MY sy LA WK s
4 Ls{))'{':“ ;Jjﬂ (.4&]Uﬁﬂ 5)}4 LSLAUNL‘&»\
2 () Lladls S S hibal 5 St
)FSJD wlﬁg.w\ ;Jjﬂ upjﬁ,a;- DL QM
“ LAUNL‘K.M'\ .,Lp)b 0 J_}J} R )j,;”.S
S il 5 S Slsbal gless,  slag SL
(Y) dyls Su
Sl atie 4 S Oy po g iasn B
Jolo 35 ISLE 3l 5 S S skl (5,3
5 0 S oSS rsosl eSSk
S R P P Y S IS LINT RIS Y5 | PY g
)\ el 5}2~4§ dJISL) U"l ML’L?‘ LS\A“:')"
(M..J 05 Jf Wl 4>) s ol glaclsie
Ld)ﬂﬁ) Lle uf,b) oS .,\.i.l.@: 6&&)@4 (&
BE Jl A "L‘SJG >L>Li\ \) (Q.J)[SJJ.." cC,q}MA
5558 ol etk lay L3 8 Sl 0ve 1Sl
oS Jeb s SSLEdl sl s 8L
2bASL LS e 5l S s Ash e e



IFAT(Y) ol (TE) s K g g (559U 9 pole (s idg sy 4 puid

OUl Gl (g 6,8 GMa-ida J sl clale
Vo o3Il Lo i U G ool 5o Sl S L
00) cils (6 x> Sas 5l
Lagsls ly 53 pslie Shisslen Jolse Hseb L
e sl 3 ol Olays S g ST 5
b LSl Caslie wang s eSSl
Sl 3 Sl JSta S ) sty S s
N N T Pt
Sepl pfode S 038 Game 0dd planil Slalllas
Gk 3l s e s Sl slaslen S ol
L e WSl aher 31 0br g sl L ules
UKl S W5 o g 3 idew 0556 s
ol by e s el edis 1S (8L s
o3be &S Lol G I Lol 5 gdeme L ¢ 305
L5 b Sy Jed 5l ol s dy o8 50
Co3 lae b 5l 5 0558 e 5L
Syge Sl LS 5 L SL A lele Ol pew
34 pare 355 g 53 Kl e wesls S8 oz

.,\.ZL:)\:))}J: u-’}u“‘ 6“@4\,\;— )'\)bbj.f

%9, 9 3190

a3l Gase el s eslital 3y5 S s

LS e 4 A 4 (Glhirsutum) s
ol ale ¥ ssd slal a4 b 1wy lan
B I Iy ey
slila; VY °SR 550 Slas e w JAK.:..LU)'T
CllE L Ofoode Sy 5l eslid b e A
9 et K O3y doys £/0 s 4 Ao s O
Kix 05y deoys VO Slaae R Sl
3 syt S NN pum GUEPH sy
o A, @ pMBl 4i3s VYr Oley 3 sl
SV oKy KaS L ObL s s S SUIG 5

w8 Y4 SR s, arn b (gmert AL

q.

¢85 ade LK ¢ SLus conls yioen
S 2 SASLAS el Jlas edl JLs) g SL
Gt opl g sy ogline ale slag SU
3okt e 68U s e S O RS
ale 0,8 o3 5L blae a5 oenls OLAS s
33 Fr ISWE 5 pesosl eSS i
Bl U1y 0B gU (YY) i b (OF)
X

E) Voo LY" ’_inn

Sso 2 PPM 0w
Gl CiS e 55 5 3 4a0 i (oS
Chle b Gilae 8L Ol e bl i3 ST
sladls s 5 e WJal laisy s ol
el Sype pl @l 5 eds S e Al pde
pPM clle s 5 sled Sl e Jol 555 0 &S A4S
a5 s YFEGEY MM Lals ks Sl o
A SSle £00 PPM CLle 3 5 sles Sl da o5
5s bl 5l &S s YEAR XA MM Ll
dzils gols pme bl dals slaes S L awslis
Loess oo 0 bag Sk Al pde sladla ks
dxils Ol 0Ll JS ssbay 558 s pme Jl 5
EETR T S P HEP S PRRCH O P
Loclze Venmter ppm clble 3 jled Sl A
chle s Jy Lbe LRl O O as clils
sdalie 000 PPM L (g ls sxe ooslis £00 pPM
V) s
o, b i Jlal G 6,05 Gud o
L O Sl i s 0l e 3 Shee 5 SUI o
CF-GI" s 'Gma-ida 5l o S o5
oo, gb ol i Jlal Sl &S ul W
Coolt 55l o Col Ll pl & et S U

owIBl L S sl g LS

1- Glycidyl methacrylate-iminodiacetic acid
2- Cotton Fiber- Glycidyl methacrylate-
iminodiacetic acid



01y 5 (el (15 el

Sl Lol ag slacds s S blal et iy,
Sdeay g okt okl sy (pLL G Sl oo gt
31,8 ol a3 YV les 3 55Ul s cell YE
L oos oS dowsty e w85 15
LSt As, pde dbe bl EX LS5
PU s Sl g e LS (S5l
oBows S8 s S 51 SUI 55 20,8

A3 S eslinal x5 5iS Cxle EM3200 Jus
Gad cpl 53 eslital 5550 sobl C}.\a :d)bi C)Ja
Sl 5 el b 5 ey sl S ¢ 55
Skl 4 Slecws L gla Sus als
Sl s Osasl bl cilie glasles
amlie glp 5 S35 5 o 5 a5
WS gl eslizad (Sl Osesl 5 b Sl

3 S 63linal SPSS sl 3 51 La U]

oy g b
0o Sl lalels nlS Olse t puS B Ol
I8 5 &S jsbolen ol sl esls 0L Y IS
sLlels xSl Olpe s5d 0 sdaline S
e G5 05 56 Ol I L Sl
Of 5l S 5o oebls a0 2l ol il
05 S e ,@ 60 Sl eslanal i1l S aS el
ol me Ml ol ds s A0 Gl C]a.‘

!

9

Lﬁg':} M)J L] u.:.s}je\ J\‘)ﬂ QJ_}J.Q\ Ls\f) IS
S0 eJE.:j.aL: LS o.,\:t.}L.:)L;;}pH)M)bV/\
clle L: J.:A‘)JL: 0+ CJ‘)J Ja..wj:.a a)‘_)u‘ L: ealau!
G, S a5 s Glesgd SOy 4 te e ppm
.g;éjf)\} oslanal 5590 Ol pl 5 elS Ctle iy 4
[ < < .

38 Aol L ST e
Farinret sl U L sl JsSe 055 5 Lo s
Olgea OlLJT Degussa s i o=l K325

s oL L

K33 ejs;..: j.:l.: S G g o.,\..:)\_,\.@i] LS
u,a_nx.:..? )jla.‘.m.: 9 L?.w\) U"‘ L A ealanal x_ﬁu‘
L jedl 686 g3 Sl e,d 5L Do 50 A2
oSS slell 5 ATCC: 25922 iw f; Y
33 ol S X S eslansl ATCC: 27853 e (=J§
GBS b jasets Kbl 5l Sk g
Slre S8 Los Sl s SL S, o S S

B leestel gl s S eslizd ,810

5L ol Glaas IS B sl e3jen 4ids V0 Solew
SealS Ly /Y A{OTJQL}M);WJ:}J
Gl s Wl O w0 Sos33l slse B as el
Y Ol SU s e s Loy U Ol
2o VB L el ael L SIL as s
Oan s A5 S bl e S 035 el
e 4o SNy GL ppm oY 5 Vo 0r (YO
ISO syl plas Lol 51 5 o35 Lol
Sl s g sleces slalsls 5269/i:1999
bl s 5SS T sylill dbye slaaslopsl
SASe3l Osa3l g XS I3 5o 5 S
ﬂMujam)lAgithc)L&Jajm)erdu
o3ls H3 del S b (g5l oy o)

M%é})ﬁhéﬁb)\ \,lf}fo u‘ﬂ@)b“

1- Cationic Polyacrylamid



IFAT(Y) ol (TE) s K g g (559U 9 pole (s idg sy 4 puid

2.5 4
2_
5 =
1 2
=
S
o
= 1 A
2
0.5 A
O

50
(PPmM)e 2 556 3 ,2e Oi5ee

75 100

Nano Silver(ppm)

Sl S S Ol p 0,8 U (6 S U le O e il p3lis L5 ) S
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Lg A:MA\ Jm c’b )‘ 45)}19()[&.15 A;.«A\ onTA
kf«..:_‘f\ .,L.J".r) r.\.& Jla ojj.; ‘yl& Q‘J:A u;l‘;"
5 oneiol Ll L ml pl Lo g

0) 5l callas o a8 ol 35U 51 eslanal bagy

A1

Ai; pde dla g3l g g 9Ky SKn g

LSt
$SL pde Ala g Selul -
3 Jels i (Saureus) g sS sS shill

IS s S S ksl (6 SL s ool S S5l

B3



01y 5 (el (15 el

2 -
18 1 s.aureus a
—_ 1.6 -
E 1.4
g2 b b b
94 N 1
a“ o
=) 2 0.8
E
= 0.6 A
=
= 04 -
0.2 C
0
als 25 50 75 100
(ppm)eii $5U L paa &) jaa
Nano Silver(ppm)

0 O U ke sl slad 1 Jools JBIS O sl S S Alil (555 Ad 5 pe s Ol s S s A IS5
Figure 8. Inhibition zone of Staphylococcus bacteria around the paper made from different treatments of silver
nanoparticles.

Mgbbé&d@\dbdﬁajuﬂw@u LSS o S A, pe dla g, Se5l0 LY

U Fl o p pepa 3 S (YY) 8l g L) ede g Seslul 5l Jol> ki «(E.coli)

sl calhs wazls ECON (580w, 5 oyl ol sl esls Ol 4 S s Ecoli s sU
(\¢)

.«L:Lg_u.a 5 SR u,lf_b.é‘ .Lir) rv\.o Jla AJL fL:

v



IFAT(Y) 0 )lowd (TE) sl Koo g g (659U g pole (S HidgTs & i

1.8 -

)

= o=
L]
1 1

1.2

1

"“‘."J f.\& EAFY
Inhibition zone (mm
[RY

© o o Qo
(ST N
L

@)

25

50 75 100

(ppm)e il 55U b paa &) jaa
Nano Silver(ppm)
oA O3 U ke sl sled 1 ool JEIS O el (S LS 3l (6L A3 pe s Ol Sl i -4 IS5
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Abstract
Background and objectives: The purpose of this research is the production of antibacterial
banknote paper using silver nanoparticles. Bank-notes have been a part of commercial
exchanges from the past. There are about 8 billion Bank-note leaves in Iran that have been in
circulation in a 5-year period. This amount of Bank-notes and the frequency with which they are
touched can promote transmission of many pathogenic factors, especially bacteria. Based on
scientific research results, Bank-notes are seriously contaminated and must be considered a
potential danger to society. In the field of antibacterial paper, an investigation was performed on
two materials, chitosan and Nanosilver particles to produce filter paper and Nanosilver and
chitosan particles were applied as negatively and positively charged layers over the fibers
(LBL), respectively. It was found that with increasing numbers of the layers, there were
increases antibacterial properties.
Materials and methods: In this study, Laboratory pulp made from Iranian cotton fiber, were
used to produce antibacterial bank-note paper. To prepare above-mentioned pulp, its freeness
was received to 12 oSR by laboratory Defibrator. Then, obtained pulp was bleached by H202 in
120 oC, pH=11, 120min and after refining to 34 oSR, were adjusted 3.1% consistency and
neutral pH to adding additives. Antibacterial Nano-silver with amounts of 25, 50, 75 and 100
ppm as antibacterial material and 0.3% Cationic-Polyacrylamide (C-PAM) as retention aids
were used as additives. Then, standard handsheets 90 g/m2 were made from above pulps and
compared to reference handsheets in physical and optical properties. For biological test of
papers, bacterial inhibition measurement of S.Aureus and E.Coli as to indicator bacteria in
biological tests was used.
Results: Results showed that increasing in nano-silver consumption was led to increasing in ash
content, smoothness and opacity of paper; lacking in brightness and had no effect in wax test
and bulk of paper. Biological test results showed that by increasing in nano-silver consumption,
antibacterial properties of paper and consequently bacterial inhibition area were increased.
Conclusion: According to all results, 25 ppm of nano-silver consumption was determined as
optimized treatment. In this consumption level of nanosilver, physical and optical properties of
paper are very similar to control samples with accepted antibacterial properties. By adding of
low levels of Nanosilver in pulp suspension and then applying supplemental refining of the fiber
furnish, both antibacterial and mechanical properties of Bank-note paper likely will be
increased.

Keywords: Nano silver, Anti-bacterial paper, Cationic polyacrylamide, Bank-note paper,
Inhibition zone
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