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Abstract

The application of gamma irradiation as a factor to graft the synthesized silver nanoparticles to the
polypropylene surface and modify the de-ionized (DI) water supply system is a new experimental project.
In this study, using the effect of gamma irradiation on the surface of a certain type of filter reduces silver
ions and modifies the filter surface, simultaneously. Then, the effect of the modified filter on the
performance of DI water supply systems, which are directly and indirectly related to quantum
technologies and nuclear science, was investigated by modeling on the surface of indium phosphide (InP)
semiconductors. The dose of gamma irradiation and the reduction conditions of silver nanoparticles were
determined after passing the optimization stage. So, scanning electron microscopy (SEM), energy-
dispersive X-ray spectroscopy (EDX), ultraviolet-visible absorption spectroscopy (UV-Vis), attenuated
total reflection (ATR) and bacterial counting tests by plate count agar (PCA) were used. Then it was
found that the desired result of filter surface modification is due to the formation of surface plasmon
resonance in the colloidal solution of silver nanoparticles which is produced during gamma irradiation
synthesis.

Keywords: Gamma irradiation, Filter surface modification, Silver nanoparticles synthesis,
Semiconductor surface patterning
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2. Melt-Blown Polypropylene (MB-PP)
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2. Response Surface Methodology (RSM)

Sl (938 5 psle Al

Vol. 95, No 1, 2021, P 48-56

OF-FA o 1F+ Jlw o) o)los A8 b

va
49;?



Vo leas A0 ol

Oly>! phiel Gt o pd ( Slowal 05 o0l 2 ;8 o)

3
o
o
%]
)
k)
3

(310%5) PCA b Lo

sy ool fy ol & 425 L e (g5t (S Gialos 1) S
9,5 33, 5l Jol> PCA (& 5 SPR (Gl slagels 4

e YO )N o Vo

#ohg conaereration = +,+ 199949 BGaeena Dose = | )

4‘ ® l_ . f"r“"f_‘)[ .

) Yay Y-

CLTAB concentration = < A+ AYAY SPR Peak =ff1,020

Covslls =+ 1Y
903 VF 51 0,leds Joloo

PChcourt = VAYVEY

PS5 b oleiiny oadaige cdl> opdgl balys Gles Y S

axly Jlade 4 R jlade

b Jslme jo 0, D39l 695 i 5l Jol> azes

ur s ToMRE Fegishy iSeul by LS b
oaldy Ll Sldllas (il o Ll andie ;o aS e ylen .y0 5
lodsy By 51 1, cmaboliiog S axdl o ol 35k 45
(e gredob il sladlie )0 mhan Ggendly (b)) pL &
ol s0alie (g J) AL o iz gl $8¢ b YA opn

Journal of Nuclear Science and Technology

155 b e o asKin Sl ST sl il
lagly 5 (WY JS2) SPR &y bgyye (uilyly Jelv
IS 0 i e (o) JSS) (99,50 98 5l Jol> PCA
] 00 00l u,ul.u \

Ol 5 Vb polie Cudgaze 4 az g by el cnl 55
bl g J:>o|) Y¥ ‘C‘“‘"’L' Cﬁk“” )| ER W PR
J58le 5 Lawgs < AQY B - VY 5l aosllae R e dreslowe

LR™=AVY) gl ol it | S 5 ool
A 5o a4 Ol g Hlade 4 Jlade 0 5SS
ke leiedy jeSB oy 5l Jlae anin Ja ol a8 S
9 c\.......vLa.A b)}c l.lb‘s'bw ).b 9 IR M;J.]a;)é ‘\""'et"
S 8 Ll s ool gasle ey ales 285 53 om)
Gl 00 00l u.uLm Y
oaiS lul woys Ve a4 o Olpd wd g
10 oo 55 GVl 5o wlesn peisel tecs S
g 0, Ol a5 (6 ebdy ol colaiul LI il 5l 6,5 6lS
s 00 MB-PP 2L 5l Lladiges ol yes 45 0aisS sl
‘_g)lf..\jl.a )’l o= g o 0)15 )...Jsl...e Y. o> Lo glasas
LY) 9 oy oalo ulS.i ‘4.5..:50 VO U Y Sow L®) el VO
350 Jby G W0l (ol oy Gl plos
log @bl Bgile oS oy eolel 5 oad uny
500 g9, Ol 5nsly 2 LIS 55y 53l aloye Lo 518
@by oud onis Ll lugs gin plp 0 ol GladsSse
@ 093 5 (B Mg 45eSilp J9ySI SYL slacdl>
Joas ol SoSl clle 4 b g oad 4325 5 0y S5
ool 5l Sglite slaaisS «LSTy ol b A g e
H‘,O Radiation ea_q+H.+OH.+H‘~O++Hr+“'
M
€aq) wlhoen (958U daaiss o 5ol 5 (n e 5 (S0
9 (eaq_'H.) o..\....SL.}‘ (_QLDJLL\)‘) ‘g..:—‘ )‘Jﬁ"‘)|) )é w‘
Wghioo alsi (ssls Jake 4 Ly (OH') saisSuns]
STy a5 sl (553 oaiSlil ole Ky ail,ain g S
olo oLt 5 & ygeds Glis 1) oF 0SS5 Jlil

Ag+ + €ag — Ago ™

lated 38 5 pole alxe

Vol. 95, No 1, 2021, P 48-56

OF-FA o 1F+ Jlw o) o)los A8 b

£
49;?



oY

g g bzl 4 adbaisn AQ-NPS i o LIS b

ol cols K6 o ol e 4 Sluss opl cuslie
9 VYO0 em™ 5l 50 zae Slael jo Hli sdes g il )|
G Aee m Somb o slacl yo b Sy wal yiol33l
Vil 5 Jeb 5l Sy e ol Wlgie N F e cm
ool b s MB-PP 2ls aiged law g o,di ol )3l o
Lol e alerd 5 b Gladisn I ol Jozo]
oo Lol Jalgs 51 e ds jo 4 Logos 45 4555 len il
DAl 5esd 5 Sl Gge Wl oo Glles lame o 4

Lvy] sgs adglools (laals

R
B T S

2 Voo Y. Y. f.o. B Fan
M) zge sk

L3l jiw 4 baipe (aw yendly (mily)) Al Goles Y JSS
oloring ouds dinge Sl gl byl jo 0,8

Signal A - SE1
Mag- 8- - KX

EHT = va,- - kV
WD = A0 mm

Date: 26 Jun 2019 ZEISS
Time: 14:04:50

“signal A-SEL
Mag - 8- KX

EHT - 5, - kV
‘ WD -4 mm

Date: 26 Jun 2019
Time: 14:09:56

ol 5o (¢ g S8 (W MB-PP 2l3 6ges il mlaws F S0
LS 555 Lo, I3l i 31 Jeol>

Journal of Nuclear Science and Technology

O Slezsedsb e a8 olRiws sl eolaial L osnsy
oayy 3l Jols ald japbs ol Sl yiegil Aee LYo
SPR als yogscms Sl ool ool flas ¥ JSs s SPR
Sl FYe zodsb 3 )i Oldgl jiw a4 b
3l Jaloes jo Dl 3L ojlusl au 395 (S0 inS oamsylis
L ols o 4 SPR loals cuich lil (b
135 o3Il g 555 Sblad g e il @yelsbs
Dgdgo o yugil Yoo asl jo a5 o lald ol
2o by oile Bl o)i slagy S92y Jdoar Wil
oadlice 50,85 Ol,3gL jghax il Joloe 0 0,8 sladiss
w0 2ol MB-PP L3 diges o o lag] S 5 o5l
O KX pleiS)5 b (pas) (S9S0l @55ms Soe 25k
el 0al ools Lisles () ¥ USSS o

b olol 5l g3 MB-PP s wisei bk,
L SEM Gk 5l 5 9in 3o Gooyar o588 &3l
el sanlie LB Gl F USE s OKX) LleacS s oles
gl » oo Oldgl jpax g JSS sl 5l 5 g pslas
Yo KX oS, b owas ol MB-PP :ls aiges
OIToSl g5 55l (SaSly ricib @l ol jena
Gk ooy el ol ool oles O USE [0 diged
FO oga> ;0 Oldgl lawgie ojlail o)yl dolre diwlxe
A Ao yiegils

IS5 5o Toadimds LIS il gulis avlie (b
Fd ged 4 bgype Jol slaad o a5 ses o olis £
el 5 ol (o] b & JS0) ool 2ol MB-PP
& JSE) sais Mol MB-PP 26 Wgas 4 o oo
gl oo 0830 (0,8 (yualads

00 i s Y e M) g5 o laals a5 o, sboay
sele sloog S sly Shagnh el load 51 (S s
(CHy - Ui 05,8 oyliel 285 olols) L ols
- okt 55,) oLl (255 - (CHy) o lie oS
2 ol i g (CHy) o)lie aws «-CH,
Sols YAF-em) b YaVe o Lo,is a5 (-CHy-) amaw
o (0 o)lde Jded sbeald 5 caile ol gl o
VEPO o &S (-CHy) axan jo )lael s 5 (-CHy-)
WSS s oS i Mgl e el \YAACMT B

1. Scanning Electron Microscopy (SEM)
2. Energy-Dispersive X-ray (EDX)
3. Attenuated Total Reflection (ATR)

lated 38 5 pole alxe

Vol. 95, No 1, 2021, P 48-56

OF-FA o 1F+ Jlw o) o)los A8 b

£
49;?



Vo leas A0 ol

Oly>! phiel Gt o pd ( Slowal 05 o0l 2 ;8 oy

syl 5l (B aley 4 psle Tolge 5 alejl 1Syl
ol sl eie 0 paeles o lailinl Joaz 1l )8 0al 7 4lae

rlio o (Brae A OT 5l 2856 25L (oo b
Saws &gty W b 5SL sla Sogll oliae o)l Corenl
309 Fdidee a2y oo Sl axdbas ) sla gslS o>y
oS PCA L olabs; 4 sl b Voo LVee o
camslite (ol 50 o b leds slags iST jlne I g o
S e s Bl o el )0 00l 058l bglas 5

4 ol Sl oalBl il g juad Bislesl S o
slrhl W osshoe byye ol ads bz e
OBl pitacas 3 alls O dgd je ) a2 g5 b gouaie
Pl A s Sl (b 4V S 50 09 sl il
@lie pl Jsios sk lawgs a5 33 oo o)Ll Lals
Bl g 53,50 S 3 i oyl bshas e s it
6 ygld 5 Sl eaSiagh )3 g ond 2l 5 (b Ll
WS o b 1y 055 ealejl e asilsS (sl

s 5l e Oo 215 2006 5L sl b cnl o
ool eslarul 5950 clald 5 uauld od.‘..fgsa}a.cd..o
C)‘L@‘ 6’9)1“ Lgl.ﬁj...lt_‘i a;)lf ey 6‘)’. sOg)LCA.g C~w|
W ) kS’L’&A‘ ‘o..\,..S@y.cM &LQACM )ih) 9 W)
clisles] alwl jslateas ool 5l (g pSaised b ond qals
ot 3l o v Gl sl pd Gl g9 S ot
Bl il plgise Al ©f o b Sk la Sogll s
e pladl L]

5 SeinSll mlio )5 (Bras Of osls slayelly 5l (S0 ¥ Jou
S laibl a5 51 bl s

E-vey E-Yes Ees Falily
>0 [NARRYE Vieme /0 (Qs,&.ﬁ)bgsl#a
YO 45 g il | (K0) Canglin
VY V60 VAN 5% el 5o @al5) oy
©l,5 5le a0
Y.
o 0 (i 5 055,50 TOC
keV
—_— —_— Yo G p559,500) Joloeo (S|
(CFU /p») o> Lms,‘;flg
o \ o Wiged yid oo Ve

1. American Society for Testing and Materials (ASTM)

Journal of Nuclear Science and Technology

2
Signal A= SE1
Mag - ¥ - - KX

s
EHT = 0, - kV

Date: 5 Jun 2020
. WD =4 mm Time: 14:45:03

Full Scale 201 cts Cursor: 0.000 keV|

b s a0, S35l jpam 5 JS5 il pinles & JSC
Ll b o9y s sy 4 oy Olydgl b 2ol 5l asy MB-PP
EDX (o 5 SEM (Wl 5l

Yo

EDer Feer ¥Bee Yeer Yo+ Yeeoo ADeo  Neoo B+
€M ™) zgo dac
abai) o0t ol MB-PP 1L slotions ATR gults auslio 5 JSb

5 b ol i 0,85 &l pdgil Loy (o] Las) ool 2ol § (o8
L

ook whe pooE Oldel Wen WDjge e 50
rbon 5 @y JUd o B 95800 w90 MB-PP 208
20,5 wal )8 oad pilol ild casil Gl sl n

G 032 09 ] A Sl 0 Slas iy nl &
9 235155 slas yslod b L e sloolKiulel yo o )lgen a5
2,5 oo ol (i lo 8 )5 slaius pole

Ol g oad b o il Jshaz bl s dbeaes o]
AisS oo ans s e sleolRaule;] 5L culie ogls L)
bl b slagty, ol lr (Jle ek
el Sl gz b dableyes mho 2355

lated 38 5 pole alxe

Vol. 95, No 1, 2021, P 48-56

OF-FA o 1F+ Jlw o) o)los A8 b

£
49;?



of

g g bzl 4 adbaisn AQ-NPS i o LIS b

Slom 85 9o wedoe blayesd mhw 59, » Sbo
Sl 59, See 4l jo (280 b oS )b bl 7o0g (50
o laled amio 5 ©5Sg S Gkl g oad
1945 455 led «Sasle 95 45 A anlice g ol )y
o dalad s (69) p el by oad o3ls las A JSA
Jt sbsS el ol ] oo palls aylind mpa! Ul
ol sl AY 5 6y 2 palie bsh b Sl ogs
Gy a5 1 Ll et oSl als Ol sy
J>lre (b sk Jslme silwoslel 5 bl ys ankad gt
Tl & Gagbar e palp sl oY (SIS g e
wln i a3l (3 Feidyns Sllae b oid ol Cate
B 595 2 Bl s So s3a 1 5 Ygano o5 ol

g zo ol lagS| Loglas

(I

sk mhas 55, 5 BFedsd Sllas ool Jole il A S
5 Solo ehis (0 g A8 Sl (@l Jols wyland myayl sblos o

Lo jord ankad xhaws (59, 2 Swle j50l> (z 5 (20,80

Journal of Nuclear Science and Technology

O3 O3 LA O el
S al iy (b
Aa/v/y

oy a5 LAt Ol udgi g ad by e jl (b Giales ¥ Sl
oads >k agiilsS slacsyslid § Sigid oaSamgl (sbroliyls;]

s S ) oo b Ll LT bl e 40
5 43,5 )13 gy 090 atle iz 5, Bl Lol (el
Slydgl b oals 2ol MB-PP ils wges Sloj 5L 3
235 sl ST T e s Glalesl 0T (55 e
Ol 42855 )3 ) 2 9)90 wlind muanl (SUle o o
AL 5l an g b el ol digas 51 i e S cpslate
LSt Ghled by 4 wadpdlel uld bhwg ol
caiS Slidas A osls cuiS BT 4 aziél mohu 5 PCA
S50 35y R Dol G SiS g 0ad 1SS by iged so
Ol 5o s paall eidS @l Bk 235 18 (o)
by @35St s g LB das il Aled (ks
YYVEY Jade 5 o oaslie MB-PP ont ool il
«SB 0 sade S alld Ol diges i Lo do yo (5,55
o 205 Sl Lalls O 51 el Sl 68U Y. @
e e (2355 50 yeb Jole a5 gited Gl
ol & ey gly b oolitul wlind wanl bl
<y sl b5l 550 sblo s gl Tl g0k
Alewgdy o Al 00l gl wald ol St alls
Code Cajygid 5l slY b ol gl (i3> plas 4y
oo hal b aosll o] Cdlate 5 oad owls
Shbee sl Jole oS Sllee S Sgtdgs
SIS gdsd Bogan oliws jleslal b 31595
el s A A S 4o
A JS5) Cote Selo pols 15 Lol Slilae dcgoma
(oA J58) il ysle oo b (009,55 9 Sule oulas (Al
Slind ol Gblu e axhad mhaw (59) p Swle jeb
@ Bloyos gl 59) 5 Swole (65,18 09 (z A JS5)
Lo Crge iSe g M dbml L a5 pols OB ek

lated 38 5 pole alxe

Vol. 95, No 1, 2021, P 48-56

OF-FA o 1F+ Jlw o) o)los A8 b

£
49;?



Vo leas A0 ol

Oly>! phiel Gt o pd ( Slowal 05 o0l 2 ;8 00

1.

10.

11.

12.

13.

J. Belloni, M. Mostafavi, Radiation chemistry of
nanocolloids and clusters, Studies in Physical and
Theoretical Chemistry, vol. 87, pp. 411-452,
12/31, 2001.

A. Henglein, Colloid Surface Chemistry, Boston,
MA: Springer US, 2005.

S.U.Khan, T. Saleh, and et.al., Review, Nanosilver:
new ageless and versatile biomedical therapeutic
scaffold, International Journal of Nanomedicine
vol. 13, pp. 733-762, 2018.

D. Van Phu, L. A. Quoc, et. al, Study on
antibacterial activity of silver nanoparticles
synthesized by gamma irradiation method using
different stabilizers, Nanoscale Research Letters,
vol. 9, pp. 162, 2014.

A. Syafiuddin, Salmiati, et. al., A Review of Silver
Nanoparticles:  Research  Trends,  Global
Consumption, Synthesis, Properties, and Future
Challenges, JOURNAL OF THE CHINESE
CHEMICAL SOCIETY, 2017.

M. Sastry, A. Gole, S. R. Sainkar, Formation of
Patterned, Heterocolloidal Nanoparticle Thin
Films, Langmuir, vol. 16, no. 7, pp. 3553-3556,
2000.

M. Rai, A. Yadav, A. Gade, Silver nanoparticles
as a new generation of antimicrobials, Review,
Biotechnology Advances vol. 27, 76-83, 2009.

M. Ulbricht, Advanced Functional Polymer
Membranes, Polymer, vol. 47, pp. 2217-2262,
2006.

Z. Xu, et. al, Microporous polypropylene hollow
fiber membrane Part I. Surface modification by the
graft polymerization of acrylic acid, Journal of
Membrane Science, vol. 196, no. 2, pp. 221-229,
2002.

H. Amid, et. al., Hybrid adsorbent nonwoven
structures: a review of current technologies,” J
Mater Sci, vol. 51, pp. 4173-4200, 21 January
2016, 2016.
B.O. Lee,J. A. Ko, and S. W. Han, “Characteristics
of PP/PET Bicomponent Melt Blown Nonwovens
as Sound Absorbing Material,” Advanced
Materials Research, vol. 123-125, pp. 935-938,
2010-08-11, 2010.

S. A. Miller, and J. E. Bercaw, “Mechanism of
Isotactic Polypropylene Formation with C1-
Symmetric Metallocene Catalysts,”
Organometallics, vol. 25, no. 15, pp. 3576-3592,
2006/07/01, 2006.

T. Sehgal, and S. Rattan, “Synthesis,
Characterization and Swelling Characteristics of
Graft Copolymerized Isotactic Polypropylene
Film,” International Journal of Polymer Science,
vol. 2010, pp. 1-9, 2010.

Journal of Nuclear Science and Technology

SrSazps ¥
el Ll b b oo,s ldel ogiy yiie 5l eolicl
S ook 5l 1, MB-PP il oy ool liles (gl
2l ol e 50 Glasnih cle & D3l Glejes
s mha Glojen Mol g ooy Ol dgl w0 sl
3 el ol cbl x5 sbeygsls MB-PP
wlogy maigel dee (6 e oaiiS lly woys 5 (p05
ol angy RSM (39, 3l 5 (S-St )b Ly
Job 5o 0,85 &l,346 i dasuie 4 by e SPR ald by
Olyd6il o3l w98 (S0 S saimolid (yiegil Y- zge
L oads 2ol MB-PP 23 digas 09 Joloxe ;o oals jiiw
w0pd e alls Ol L1856, sl e, o3l
oS als T 0 Shas bl s 28,5 138 ooliil 5,90
oo 21056 ,58L wals 2ol MB-PP 26 aiges oy
b 5 i anl sl o a3y 3 5l o
Al iy gl @ ad Gl SSslss clles
oolel 5 Lluypsd gt Slilos ;o w0ad alo6,L
@bl 5 Ul 5 28,5 )18 oslinul 8590 500l Joloee (5Le
b opendlly e ol GBS 5ndgnd olie (oo
Wged g 59, p FeSee Lokl palin (255 ol

28,5 )18 Al 9550 wulind mranl (bl e

1098 9 S5

9 Sld 98 g pole alome pime Glgtas 5l ot s
slags yslond 5 St slaeaSimgsy jo oS e ) Sen
5o a3l S50 wlge 5 g dagin )5 (astlsS
Ol ol oS )0 et 98 ply ORI 5 25 5 Gle
ileiise (19,98 5 SAT wlosged 5,k Gabod

&=l

Sl (938 5 psle Al

Vol. 95, No 1, 2021, P 48-56

OF-FA o 1F+ Jlw o) o)los A8 b

va
49;?


https://www.google.com/search?q=J.+Belloni%2C+M.+Mostafavi%2C+Radiation+chemistry+of+nanocolloids+and+clusters%2C+Studies+in+Physical+and+Theoretical+Chemistry%2C+vol.+87%2C+pp.+411-452%2C+12%2F31%2C+2001&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk02TjhgiR4Rxb-ALAX-L0U2DLcky4A%3A1618224221328&ei=XSR0YPTHE5HzgQaJ3ZKwAw&oq=J.+Belloni%2C+M.+Mostafavi%2C+Radiation+chemistry+of+nanocolloids+and+clusters%2C+Studies+in+Physical+and+Theoretical+Chemistry%2C+vol.+87%2C+pp.+411-452%2C+12%2F31%2C+2001&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyDQguEMcBEK8BEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyCQgjEOoCECcQE1DKhAhYyoQIYLWICGgBcAB4AIABAIgBAJIBAJgBAaABAaABAqoBB2d3cy13aXqwAQrAAQE&sclient=gws-wiz&ved=0ahUKEwi06oP_wvjvAhWRecAKHYmuBDYQ4dUDCA0&uact=5
https://www.google.com/search?q=J.+Belloni%2C+M.+Mostafavi%2C+Radiation+chemistry+of+nanocolloids+and+clusters%2C+Studies+in+Physical+and+Theoretical+Chemistry%2C+vol.+87%2C+pp.+411-452%2C+12%2F31%2C+2001&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk02TjhgiR4Rxb-ALAX-L0U2DLcky4A%3A1618224221328&ei=XSR0YPTHE5HzgQaJ3ZKwAw&oq=J.+Belloni%2C+M.+Mostafavi%2C+Radiation+chemistry+of+nanocolloids+and+clusters%2C+Studies+in+Physical+and+Theoretical+Chemistry%2C+vol.+87%2C+pp.+411-452%2C+12%2F31%2C+2001&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyDQguEMcBEK8BEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyCQgjEOoCECcQE1DKhAhYyoQIYLWICGgBcAB4AIABAIgBAJIBAJgBAaABAaABAqoBB2d3cy13aXqwAQrAAQE&sclient=gws-wiz&ved=0ahUKEwi06oP_wvjvAhWRecAKHYmuBDYQ4dUDCA0&uact=5
https://www.google.com/search?q=A.+Henglein%2C+Colloid+Surface+Chemistry%2C+Boston%2C+MA%3A+Springer+US%2C+2005&rlz=1C1GCEA_enIR903IR903&ei=4iR0YOmWIsqBhbIPjYyciA0&oq=A.+Henglein%2C+Colloid+Surface+Chemistry%2C+Boston%2C+MA%3A+Springer+US%2C+2005&gs_lcp=Cgdnd3Mtd2l6EANQxvkWWMb5FmDBixdoAXAAeACAAYECiAGBApIBAzItMZgBAaABAaABAqoBB2d3cy13aXqwAQDAAQE&sclient=gws-wiz&ved=0ahUKEwjpj8i-w_jvAhXKQEEAHQ0GB9EQ4dUDCA0&uact=5
https://www.google.com/search?q=S.+U.+Khan%2C+T.+Saleh%2C+and+e.+al.%2C+%E2%80%9CRevIew%2C+Nanosilver%3A+new+ageless+and+versatile+biomedical+therapeutic+scaffold%2C%E2%80%9D+International+Journal+of+Nanomedicine+vol.+13%2C+pp.+733%E2%80%93762%2C+2018.&rlz=1C1GCEA_enIR903IR903&ei=XSZ0YJSsONGjgAb17ouABg&oq=S.+U.+Khan%2C+T.+Saleh%2C+and+e.+al.%2C+%E2%80%9CRevIew%2C+Nanosilver%3A+new+ageless+and+versatile+biomedical+therapeutic+scaffold%2C%E2%80%9D+International+Journal+of+Nanomedicine+vol.+13%2C+pp.+733%E2%80%93762%2C+2018.&gs_lcp=Cgdnd3Mtd2l6EANQ-csKWPnLCmDIzwpoAXAAeACAAeMBiAHjAZIBAzItMZgBAKABAaABAqoBB2d3cy13aXqwAQDAAQE&sclient=gws-wiz&ved=0ahUKEwjUzrrzxPjvAhXREcAKHXX3AmAQ4dUDCA0&uact=5
https://www.google.com/search?q=D.+Van+Phu%2C+L.+A.+Quoc%2C+and+et+al%2C+%E2%80%9CStudy+on+antibacterial+activity+of+silver+nanoparticles+synthesized+by+gamma+irradiation+method+using+different+stabilizers%2C%E2%80%9D+Nanoscale+Research+Letters%2C+vol.+9%2C+pp.+162%2C+2014.&rlz=1C1GCEA_enIR903IR903&ei=DCd0YNHNO4qD8gL2w4ugDw&oq=D.+Van+Phu%2C+L.+A.+Quoc%2C+and+et+al%2C+%E2%80%9CStudy+on+antibacterial+activity+of+silver+nanoparticles+synthesized+by+gamma+irradiation+method+using+different+stabilizers%2C%E2%80%9D+Nanoscale+Research+Letters%2C+vol.+9%2C+pp.+162%2C+2014.&gs_lcp=Cgdnd3Mtd2l6EANQivkLWIr5C2Cx-wtoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEAwAEB&sclient=gws-wiz&ved=0ahUKEwjRg_fGxfjvAhWKgVwKHfbhAvQQ4dUDCA0&uact=5
https://www.google.com/search?q=A.+Sya%EF%AC%81uddin%2C+Salmiati%2C+and+e.+al.%2C+%E2%80%9CA+Review+of+Silver+Nanoparticles%3A+Research+Trends%2C+Global+Consumption%2C+Synthesis%2C+Properties%2C+and+Future+Challenges%2C%E2%80%9D+JOURNAL+OF+THE+CHINESE+CHEMICAL+SOCIETY%2C+July+2017%2C+2017.&rlz=1C1GCEA_enIR903IR903&ei=0id0YM29KcmZgQbu_reIAQ&oq=A.+Sya%EF%AC%81uddin%2C+Salmiati%2C+and+e.+al.%2C+%E2%80%9CA+Review+of+Silver+Nanoparticles%3A+Research+Trends%2C+Global+Consumption%2C+Synthesis%2C+Properties%2C+and+Future+Challenges%2C%E2%80%9D+JOURNAL+OF+THE+CHINESE+CHEMICAL+SOCIETY%2C+July+2017%2C+2017.&gs_lcp=Cgdnd3Mtd2l6EANQ5O8BWOTvAWD78QFoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEAwAEB&sclient=gws-wiz&ved=0ahUKEwjN7pmlxvjvAhXJTMAKHW7_DREQ4dUDCA0&uact=5
https://www.google.com/search?q=A.+Sya%EF%AC%81uddin%2C+Salmiati%2C+and+e.+al.%2C+%E2%80%9CA+Review+of+Silver+Nanoparticles%3A+Research+Trends%2C+Global+Consumption%2C+Synthesis%2C+Properties%2C+and+Future+Challenges%2C%E2%80%9D+JOURNAL+OF+THE+CHINESE+CHEMICAL+SOCIETY%2C+July+2017%2C+2017.&rlz=1C1GCEA_enIR903IR903&ei=0id0YM29KcmZgQbu_reIAQ&oq=A.+Sya%EF%AC%81uddin%2C+Salmiati%2C+and+e.+al.%2C+%E2%80%9CA+Review+of+Silver+Nanoparticles%3A+Research+Trends%2C+Global+Consumption%2C+Synthesis%2C+Properties%2C+and+Future+Challenges%2C%E2%80%9D+JOURNAL+OF+THE+CHINESE+CHEMICAL+SOCIETY%2C+July+2017%2C+2017.&gs_lcp=Cgdnd3Mtd2l6EANQ5O8BWOTvAWD78QFoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEAwAEB&sclient=gws-wiz&ved=0ahUKEwjN7pmlxvjvAhXJTMAKHW7_DREQ4dUDCA0&uact=5
https://www.google.com/search?q=M.+Sastry%2C+A.+Gole%2C+and+S.+R.+Sainkar%2C+%E2%80%9CFormation+of+Patterned%2C+Heterocolloidal+Nanoparticle+Thin+Films%2C%E2%80%9D+Langmuir%2C+vol.+16%2C+no.+7%2C+pp.+3553-3556%2C+2000%2F04%2F01%2C+2000&rlz=1C1GCEA_enIR903IR903&ei=8id0YNDwJNeT8gLt-hc&oq=M.+Sastry%2C+A.+Gole%2C+and+S.+R.+Sainkar%2C+%E2%80%9CFormation+of+Patterned%2C+Heterocolloidal+Nanoparticle+Thin+Films%2C%E2%80%9D+Langmuir%2C+vol.+16%2C+no.+7%2C+pp.+3553-3556%2C+2000%2F04%2F01%2C+2000&gs_lcp=Cgdnd3Mtd2l6EANQtdkCWLXZAmDZ3AJoAXACeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEAwAEB&sclient=gws-wiz&ved=0ahUKEwjQsba0xvjvAhXXiVwKHW39BQAQ4dUDCA0&uact=5
https://www.google.com/search?q=M.+Rai%2C+A.+Yadav%2C+and+A.+Gade%2C+%E2%80%9CSilver+nanoparticles+as+a+new+generation+of+antimicrobials%2C+Review%2C%E2%80%9D+Biotechnology+Advances++vol.+27%2C+76%E2%80%9383%2C+2009&rlz=1C1GCEA_enIR903IR903&ei=ICh0YL2tEtGjgAb17ouABg&oq=M.+Rai%2C+A.+Yadav%2C+and+A.+Gade%2C+%E2%80%9CSilver+nanoparticles+as+a+new+generation+of+antimicrobials%2C+Review%2C%E2%80%9D+Biotechnology+Advances++vol.+27%2C+76%E2%80%9383%2C+2009&gs_lcp=Cgdnd3Mtd2l6EANQ2_4DWNv-A2DegARoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEAwAEB&sclient=gws-wiz&ved=0ahUKEwi9vZvKxvjvAhXREcAKHXX3AmAQ4dUDCA0&uact=5
https://www.google.com/search?q=M.+Rai%2C+A.+Yadav%2C+and+A.+Gade%2C+%E2%80%9CSilver+nanoparticles+as+a+new+generation+of+antimicrobials%2C+Review%2C%E2%80%9D+Biotechnology+Advances++vol.+27%2C+76%E2%80%9383%2C+2009&rlz=1C1GCEA_enIR903IR903&ei=ICh0YL2tEtGjgAb17ouABg&oq=M.+Rai%2C+A.+Yadav%2C+and+A.+Gade%2C+%E2%80%9CSilver+nanoparticles+as+a+new+generation+of+antimicrobials%2C+Review%2C%E2%80%9D+Biotechnology+Advances++vol.+27%2C+76%E2%80%9383%2C+2009&gs_lcp=Cgdnd3Mtd2l6EANQ2_4DWNv-A2DegARoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEAwAEB&sclient=gws-wiz&ved=0ahUKEwi9vZvKxvjvAhXREcAKHXX3AmAQ4dUDCA0&uact=5
https://www.google.com/search?q=M.+Ulbricht%2C+%E2%80%9CAdvanced+Functional+Polymer+Membranes%2C%E2%80%9D+Polymer%2C+vol.+47%2C+pp.+2217-2262%2C+03%2F01%2C+2006&rlz=1C1GCEA_enIR903IR903&ei=Yyh0YJ-9CI_GgQa3nZi4CQ&oq=M.+Ulbricht%2C+%E2%80%9CAdvanced+Functional+Polymer+Membranes%2C%E2%80%9D+Polymer%2C+vol.+47%2C+pp.+2217-2262%2C+03%2F01%2C+2006&gs_lcp=Cgdnd3Mtd2l6EANQlNICWJTSAmDp1AJoAXAAeACAAfQBiAH0AZIBAzItMZgBAaABAaABAqoBB2d3cy13aXqwAQDAAQE&sclient=gws-wiz&ved=0ahUKEwjf-orqxvjvAhUPY8AKHbcOBpcQ4dUDCA0&uact=5
https://www.google.com/search?q=Z.+Xu%2C+J.+Wang%2C+L.+Shen%2C+D.+Men%2C+and+Y.+Xu%2C+%E2%80%9CMicroporous+polypropylene+hollow+%EF%AC%81ber+membrane+Part+I.+Surface+modi%EF%AC%81cation+by+the+graft+polymerization+of+acrylic+acid+%E2%80%9D+Journal+of+Membrane+Science%2C+vol.+196%2C+no.+2%2C+pp.+221-229%2C+28+February+2002%2C+2002.&rlz=1C1GCEA_enIR903IR903&ei=kCh0YKODBc_vgAan0ZWgDA&oq=Z.+Xu%2C+J.+Wang%2C+L.+Shen%2C+D.+Men%2C+and+Y.+Xu%2C+%E2%80%9CMicroporous+polypropylene+hollow+%EF%AC%81ber+membrane+Part+I.+Surface+modi%EF%AC%81cation+by+the+graft+polymerization+of+acrylic+acid+%E2%80%9D+Journal+of+Membrane+Science%2C+vol.+196%2C+no.+2%2C+pp.+221-229%2C+28+February+2002%2C+2002.&gs_lcp=Cgdnd3Mtd2l6EANQ6YEDWOmBA2DqgwNoAXAAeACAAZUCiAGVApIBAzItMZgBAKABAaABAqoBB2d3cy13aXqwAQDAAQE&sclient=gws-wiz&ved=0ahUKEwiji8L_xvjvAhXPN8AKHadoBcQQ4dUDCA0&uact=5
https://www.google.com/search?q=Z.+Xu%2C+J.+Wang%2C+L.+Shen%2C+D.+Men%2C+and+Y.+Xu%2C+%E2%80%9CMicroporous+polypropylene+hollow+%EF%AC%81ber+membrane+Part+I.+Surface+modi%EF%AC%81cation+by+the+graft+polymerization+of+acrylic+acid+%E2%80%9D+Journal+of+Membrane+Science%2C+vol.+196%2C+no.+2%2C+pp.+221-229%2C+28+February+2002%2C+2002.&rlz=1C1GCEA_enIR903IR903&ei=kCh0YKODBc_vgAan0ZWgDA&oq=Z.+Xu%2C+J.+Wang%2C+L.+Shen%2C+D.+Men%2C+and+Y.+Xu%2C+%E2%80%9CMicroporous+polypropylene+hollow+%EF%AC%81ber+membrane+Part+I.+Surface+modi%EF%AC%81cation+by+the+graft+polymerization+of+acrylic+acid+%E2%80%9D+Journal+of+Membrane+Science%2C+vol.+196%2C+no.+2%2C+pp.+221-229%2C+28+February+2002%2C+2002.&gs_lcp=Cgdnd3Mtd2l6EANQ6YEDWOmBA2DqgwNoAXAAeACAAZUCiAGVApIBAzItMZgBAKABAaABAqoBB2d3cy13aXqwAQDAAQE&sclient=gws-wiz&ved=0ahUKEwiji8L_xvjvAhXPN8AKHadoBcQQ4dUDCA0&uact=5
https://www.google.com/search?q=H.+Amid%2C+B.+t.+Maze%C2%B4%2C+M.+C.+Flickinger%2C+and+B.+Pourdeyhimi%2C+Hybrid+adsorbent+nonwoven+structures%3A+a+review+of+current+technologies%2C%E2%80%9D+J+Mater+Sci%2C+vol.+51%2C+pp.+4173%E2%80%934200%2C+21+January+2016%2C+2016.&rlz=1C1GCEA_enIR903IR903&oq=H.+Amid%2C+B.+t.+Maze%C2%B4%2C+M.+C.+Flickinger%2C+and+B.+Pourdeyhimi%2C+Hybrid+adsorbent+nonwoven+structures%3A+a+review+of+current+technologies%2C%E2%80%9D+J+Mater+Sci%2C+vol.+51%2C+pp.+4173%E2%80%934200%2C+21+January+2016%2C+2016.&aqs=chrome..69i57.519j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=H.+Amid%2C+B.+t.+Maze%C2%B4%2C+M.+C.+Flickinger%2C+and+B.+Pourdeyhimi%2C+Hybrid+adsorbent+nonwoven+structures%3A+a+review+of+current+technologies%2C%E2%80%9D+J+Mater+Sci%2C+vol.+51%2C+pp.+4173%E2%80%934200%2C+21+January+2016%2C+2016.&rlz=1C1GCEA_enIR903IR903&oq=H.+Amid%2C+B.+t.+Maze%C2%B4%2C+M.+C.+Flickinger%2C+and+B.+Pourdeyhimi%2C+Hybrid+adsorbent+nonwoven+structures%3A+a+review+of+current+technologies%2C%E2%80%9D+J+Mater+Sci%2C+vol.+51%2C+pp.+4173%E2%80%934200%2C+21+January+2016%2C+2016.&aqs=chrome..69i57.519j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=B.+O.+Lee%2C+J.+A.+Ko%2C+and+S.+W.+Han%2C+%E2%80%9CCharacteristics+of+PP%2FPET+Bicomponent+Melt+Blown+Nonwovens+as+Sound+Absorbing+Material%2C%E2%80%9D+Advanced+Materials+Research%2C+vol.+123-125%2C+pp.+935-938%2C+2010-08-11%2C+2010.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk03vYcHbycEr0ep9IUkjyBrp5uUC-A%3A1618893300563&ei=9Fl-YL7nIdOD8gLqpJigBg&oq=B.+O.+Lee%2C+J.+A.+Ko%2C+and+S.+W.+Han%2C+%E2%80%9CCharacteristics+of+PP%2FPET+Bicomponent+Melt+Blown+Nonwovens+as+Sound+Absorbing+Material%2C%E2%80%9D+Advanced+Materials+Research%2C+vol.+123-125%2C+pp.+935-938%2C+2010-08-11%2C+2010.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQpKEIWKShCGCjowhoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEKwAEB&sclient=gws-wiz&ved=0ahUKEwi-se_A_4vwAhXTgVwKHWoSBmQQ4dUDCA4&uact=5
https://www.google.com/search?q=B.+O.+Lee%2C+J.+A.+Ko%2C+and+S.+W.+Han%2C+%E2%80%9CCharacteristics+of+PP%2FPET+Bicomponent+Melt+Blown+Nonwovens+as+Sound+Absorbing+Material%2C%E2%80%9D+Advanced+Materials+Research%2C+vol.+123-125%2C+pp.+935-938%2C+2010-08-11%2C+2010.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk03vYcHbycEr0ep9IUkjyBrp5uUC-A%3A1618893300563&ei=9Fl-YL7nIdOD8gLqpJigBg&oq=B.+O.+Lee%2C+J.+A.+Ko%2C+and+S.+W.+Han%2C+%E2%80%9CCharacteristics+of+PP%2FPET+Bicomponent+Melt+Blown+Nonwovens+as+Sound+Absorbing+Material%2C%E2%80%9D+Advanced+Materials+Research%2C+vol.+123-125%2C+pp.+935-938%2C+2010-08-11%2C+2010.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQpKEIWKShCGCjowhoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEKwAEB&sclient=gws-wiz&ved=0ahUKEwi-se_A_4vwAhXTgVwKHWoSBmQQ4dUDCA4&uact=5
https://www.google.com/search?q=S.+A.+Miller%2C+and+J.+E.+Bercaw%2C+%E2%80%9CMechanism+of+Isotactic+Polypropylene+Formation+with+C1-Symmetric+Metallocene+Catalysts%2C%E2%80%9D+Organometallics%2C+vol.+25%2C+no.+15%2C+pp.+3576-3592%2C+2006%2F07%2F01%2C+2006.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk026AYc6BxRNMdST_ET-qtpeJXNk2g%3A1618893475982&ei=o1p-YK64O86jgAagw4L4Bg&oq=S.+A.+Miller%2C+and+J.+E.+Bercaw%2C+%E2%80%9CMechanism+of+Isotactic+Polypropylene+Formation+with+C1-Symmetric+Metallocene+Catalysts%2C%E2%80%9D+Organometallics%2C+vol.+25%2C+no.+15%2C+pp.+3576-3592%2C+2006%2F07%2F01%2C+2006.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQ0MfzBVjQx_MFYO3P8wVoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEKwAEB&sclient=gws-wiz&ved=0ahUKEwjulcKUgIzwAhXOEcAKHaChAG8Q4dUDCA4&uact=5
https://www.google.com/search?q=T.+Sehgal%2C+and+S.+Rattan%2C+%E2%80%9CSynthesis%2C+Characterization+and+Swelling+Characteristics+of+Graft+Copolymerized+Isotactic+Polypropylene+Film%2C%E2%80%9D+International+Journal+of+Polymer+Science%2C+vol.+2010%2C+pp.+1-9%2C+2010.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk01Rws7PXx8MLFmw7wQOIlZVO1i-Dw%3A1618905857935&ei=AYt-YKnMOLCW1fAPyLu86Ag&oq=T.+Sehgal%2C+and+S.+Rattan%2C+%E2%80%9CSynthesis%2C+Characterization+and+Swelling+Characteristics+of+Graft+Copolymerized+Isotactic+Polypropylene+Film%2C%E2%80%9D+International+Journal+of+Polymer+Science%2C+vol.+2010%2C+pp.+1-9%2C+2010.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQq4cCWKuHAmCJiwJoAnAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEKwAEB&sclient=gws-wiz&ved=0ahUKEwjp0NikrozwAhUwSxUIHcgdD40Q4dUDCA4&uact=5

g g smanh zole 4 adbsisn AG-NPS s o LIS b
14. M. Ulbricht, “Advanced functional polymer 19. C. L. Miao, and H. Wang, “Research in Surface
membranes,” Polymer, vol. 47, no. 7, pp. 2217- Modification and Anti-Fouling of Polypropylene
2262, 20086. Porous  Membrane,”  Advanced  Materials
15. M. A. Chan, and S. K. Obendorf, “Surface Research, vol. 634-638, pp. 353-356, 2013.
Modification of Microporous Polypropylene 20. K. A. Montoya-Villegas, A. Ramirez-Jimenez, and
Membrane by UV-initiated Grafting with c. al, Surface MOdIfIC&tIO[’I of Ponester—Ffabrlc
Poly(Ethylene Glycol) Diacrylate,” Fibers and with  Hydrogels and Silver Nanoparticles:
Polymers vol. 15, No.10,, pp. 2032-2039, 2014. Photoche’mlcal Versus  Gamma Irradiation
16. F. Ghorab, et al., “Gamma Irradiation Surface Methods,” Materials (Basel), vol. 12, no. 20, Oct
Modified Polypropylene-Based Hollow Fiber with 10, 2019. . .
Silver Nanoparticles and Its Impact on the 21.A. Nouri, Introductlo_n to surfa_ce coating and
Properties of Treated Membrane,” Plasmonics, modlflc:_:ltlon for metallic biomaterials, 2015. _
Springer US, 14 January 2019 2019. 22. F. Faghlhzad_eh, N. M. Anaya, and et al., “Fourier
17. O. Hernandez-Aguirre, and A. Nufiez-Pineda, transform infrared  spectroscopy to assess
“Surface  Modification ~ of  Polypropylene molecular-level changes in microorganisms
Membrane Using Biopolymers with Potential exposed to nanoparticles,” Nanotechnology for
Applications for Metal lon Removal,” Journal of Environmental Engineering, vol. 1, no. 1, pp. 1,
Chemistry pp. 11, 2016. 2016/04/07, 2016.
18. R.-Q. Kou, et al., “Surface Modification of
Microporous  Polypropylene  Membranes by
Plasma-Induced Graft Polymerization of r-Allyl
Glucoside,” Langmuir vol. 19, pp. 2003.
COPYRIGHTS

©2021 The author(s). This is an open access article distributed under the terms of the Creative Commons
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium,
as long as the original authors and source are cited. No permission is required from the authors or the publishers.

20 0% Ok ol s 8, Slos Mol g silug b Zobw 4 aBbaisy AG-NPS i o LIS 20l ((VF+ +) lgm! placl it o und o Sl o5 el e ail; (8

DOI: 10.24200/nst.2020.1115
Url: https://jonsat.nstri.ir/article_1115.html

Al oyl 4 slow!

FA-0F A0 Llus s o055l

Journal of Nuclear Science and Technology

Sl (938 5 psle Al

Vol. 95, No 1, 2021, P 48-56

OF-FA o 1F+ Jlw o) o)los A8 b

va
49;?


https://www.google.com/search?q=M.+Ulbricht%2C+%E2%80%9CAdvanced+functional+polymer+membranes%2C%E2%80%9D+Polymer%2C+vol.+47%2C+no.+7%2C+pp.+2217-2262%2C+2006.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk01Uwg9NvjFmtkJ0qv_8I8j1wfiAKg%3A1618905893437&ei=JYt-YKSWGuGg1fAPjKqm8A8&oq=M.+Ulbricht%2C+%E2%80%9CAdvanced+functional+polymer+membranes%2C%E2%80%9D+Polymer%2C+vol.+47%2C+no.+7%2C+pp.+2217-2262%2C+2006.&gs_lcp=Cgdnd3Mtd2l6EAM6BwgjEOoCECdQ0ZgDWNGYA2CsmwNoAXAAeACAAbYCiAG2ApIBAzMtMZgBAaABAaABAqoBB2d3cy13aXqwAQrAAQE&sclient=gws-wiz&ved=0ahUKEwjkvM-1rozwAhVhUBUIHQyVCf4Q4dUDCA4&uact=5
https://www.google.com/search?q=M.+A.+Chan%2C+and+S.+K.+Obendorf%2C+%E2%80%9CSurface+Modification+of+Microporous+Polypropylene+Membrane+by+UV-initiated+Grafting+with+Poly%28Ethylene+Glycol%29+Diacrylate%2C%E2%80%9D+Fibers+and+Polymers+vol.+Vol.15%2C+No.10%2C%2C+pp.+2032-2039%2C+2014.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk01HtVt8VIU2r93tELf-dBkUae_nAA%3A1618905968963&ei=cIt-YK6yOtOn1fAPsOSWoAs&oq=M.+A.+Chan%2C+and+S.+K.+Obendorf%2C+%E2%80%9CSurface+Modification+of+Microporous+Polypropylene+Membrane+by+UV-initiated+Grafting+with+Poly%28Ethylene+Glycol%29+Diacrylate%2C%E2%80%9D+Fibers+and+Polymers+vol.+Vol.15%2C+No.10%2C%2C+pp.+2032-2039%2C+2014.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQ4w1Y4w1guBFoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEKwAEB&sclient=gws-wiz&ved=0ahUKEwiuqtHZrozwAhXTUxUIHTCyBbQQ4dUDCA4&uact=5
https://www.google.com/search?q=M.+A.+Chan%2C+and+S.+K.+Obendorf%2C+%E2%80%9CSurface+Modification+of+Microporous+Polypropylene+Membrane+by+UV-initiated+Grafting+with+Poly%28Ethylene+Glycol%29+Diacrylate%2C%E2%80%9D+Fibers+and+Polymers+vol.+Vol.15%2C+No.10%2C%2C+pp.+2032-2039%2C+2014.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk01HtVt8VIU2r93tELf-dBkUae_nAA%3A1618905968963&ei=cIt-YK6yOtOn1fAPsOSWoAs&oq=M.+A.+Chan%2C+and+S.+K.+Obendorf%2C+%E2%80%9CSurface+Modification+of+Microporous+Polypropylene+Membrane+by+UV-initiated+Grafting+with+Poly%28Ethylene+Glycol%29+Diacrylate%2C%E2%80%9D+Fibers+and+Polymers+vol.+Vol.15%2C+No.10%2C%2C+pp.+2032-2039%2C+2014.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQ4w1Y4w1guBFoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEKwAEB&sclient=gws-wiz&ved=0ahUKEwiuqtHZrozwAhXTUxUIHTCyBbQQ4dUDCA4&uact=5
https://www.google.com/search?q=F.+Ghorab%2C+Z.+Es%E2%80%99haghi%2C+N.+Sheikh%2C+and+A.+Akhavan%2C+%E2%80%9CGamma+Irradiation+Surface+Modified+Polypropylene-Based+Hollow+Fiber+with+Silver+Nanoparticles+and+Its+Impact+on+the+Properties+of+Treated+Membrane%2C%E2%80%9D+Plasmonics%2C+Springer+US%2C+14+January+2019++2019.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk01BFoWdPb9XEX9OKT0jhjuxcAUNBA%3A1618906001938&ei=kYt-YKzcOILSxgO1xqmABA&oq=F.+Ghorab%2C+Z.+Es%E2%80%99haghi%2C+N.+Sheikh%2C+and+A.+Akhavan%2C+%E2%80%9CGamma+Irradiation+Surface+Modified+Polypropylene-Based+Hollow+Fiber+with+Silver+Nanoparticles+and+Its+Impact+on+the+Properties+of+Treated+Membrane%2C%E2%80%9D+Plasmonics%2C+Springer+US%2C+14+January+2019++2019.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQ80VY80VgkUhoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEKwAEB&sclient=gws-wiz&ved=0ahUKEwjs6K3prozwAhUCqXEKHTVjCkAQ4dUDCA4&uact=5
https://www.google.com/search?q=F.+Ghorab%2C+Z.+Es%E2%80%99haghi%2C+N.+Sheikh%2C+and+A.+Akhavan%2C+%E2%80%9CGamma+Irradiation+Surface+Modified+Polypropylene-Based+Hollow+Fiber+with+Silver+Nanoparticles+and+Its+Impact+on+the+Properties+of+Treated+Membrane%2C%E2%80%9D+Plasmonics%2C+Springer+US%2C+14+January+2019++2019.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk01BFoWdPb9XEX9OKT0jhjuxcAUNBA%3A1618906001938&ei=kYt-YKzcOILSxgO1xqmABA&oq=F.+Ghorab%2C+Z.+Es%E2%80%99haghi%2C+N.+Sheikh%2C+and+A.+Akhavan%2C+%E2%80%9CGamma+Irradiation+Surface+Modified+Polypropylene-Based+Hollow+Fiber+with+Silver+Nanoparticles+and+Its+Impact+on+the+Properties+of+Treated+Membrane%2C%E2%80%9D+Plasmonics%2C+Springer+US%2C+14+January+2019++2019.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQ80VY80VgkUhoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEKwAEB&sclient=gws-wiz&ved=0ahUKEwjs6K3prozwAhUCqXEKHTVjCkAQ4dUDCA4&uact=5
https://www.google.com/search?q=O.+Hern%C3%A1ndez-Aguirre%2C+and+A.+N%C3%BA%C3%B1ez-Pineda%2C+%E2%80%9CSurface+Modification+of+Polypropylene+Membrane+Using+Biopolymers+with+Potential+Applications+for+Metal+Ion+Removal%2C%E2%80%9D+Journal+of+Chemistry+pp.+11%2C+2016.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk03buULj5O_6tCH3Xj5VG5r3cgjbug%3A1618906012007&ei=m4t-YJ7yPK2O1fAPpISpmA4&oq=O.+Hern%C3%A1ndez-Aguirre%2C+and+A.+N%C3%BA%C3%B1ez-Pineda%2C+%E2%80%9CSurface+Modification+of+Polypropylene+Membrane+Using+Biopolymers+with+Potential+Applications+for+Metal+Ion+Removal%2C%E2%80%9D+Journal+of+Chemistry+pp.+11%2C+2016.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQyPgBWMj4AWDEgAJoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEKwAEB&sclient=gws-wiz&ved=0ahUKEwjeq5TurozwAhUtRxUIHSRCCuMQ4dUDCA4&uact=5
https://www.google.com/search?q=O.+Hern%C3%A1ndez-Aguirre%2C+and+A.+N%C3%BA%C3%B1ez-Pineda%2C+%E2%80%9CSurface+Modification+of+Polypropylene+Membrane+Using+Biopolymers+with+Potential+Applications+for+Metal+Ion+Removal%2C%E2%80%9D+Journal+of+Chemistry+pp.+11%2C+2016.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk03buULj5O_6tCH3Xj5VG5r3cgjbug%3A1618906012007&ei=m4t-YJ7yPK2O1fAPpISpmA4&oq=O.+Hern%C3%A1ndez-Aguirre%2C+and+A.+N%C3%BA%C3%B1ez-Pineda%2C+%E2%80%9CSurface+Modification+of+Polypropylene+Membrane+Using+Biopolymers+with+Potential+Applications+for+Metal+Ion+Removal%2C%E2%80%9D+Journal+of+Chemistry+pp.+11%2C+2016.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQyPgBWMj4AWDEgAJoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEKwAEB&sclient=gws-wiz&ved=0ahUKEwjeq5TurozwAhUtRxUIHSRCCuMQ4dUDCA4&uact=5
https://www.google.com/search?q=R.-Q.+Kou%2C+et+al.%2C+%E2%80%9CSurface+Modification+of+Microporous+Polypropylene+Membranes+by+Plasma-Induced+Graft+Polymerization+of+r-Allyl+Glucoside%2C%E2%80%9D+Langmuir+vol.+19%2C+pp.+2003.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk03truKpN4JjaF_NMJQIC9EZqVHIhA%3A1618906067708&ei=04t-YIPVKtme1fAP34uIsAQ&oq=R.-Q.+Kou%2C+et+al.%2C+%E2%80%9CSurface+Modification+of+Microporous+Polypropylene+Membranes+by+Plasma-Induced+Graft+Polymerization+of+r-Allyl+Glucoside%2C%E2%80%9D+Langmuir+vol.+19%2C+pp.+2003.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQgO4BWIDuAWDd8AFoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEKwAEB&sclient=gws-wiz&ved=0ahUKEwjDityIr4zwAhVZTxUIHd8FAkYQ4dUDCA4&uact=5
https://www.google.com/search?q=C.+L.+Miao%2C+and+H.+Wang%2C+%E2%80%9CResearch+in+Surface+Modification+and+Anti-Fouling+of+Polypropylene+Porous+Membrane%2C%E2%80%9D+Advanced+Materials+Research%2C+vol.+634-638%2C+pp.+353-356%2C+2013.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk026n4xRJ6coLCIC94sRIJSFHaOpxQ%3A1618906099891&ei=84t-YMv8Ncif1fAPupiF4Ac&oq=C.+L.+Miao%2C+and+H.+Wang%2C+%E2%80%9CResearch+in+Surface+Modification+and+Anti-Fouling+of+Polypropylene+Porous+Membrane%2C%E2%80%9D+Advanced+Materials+Research%2C+vol.+634-638%2C+pp.+353-356%2C+2013.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQ3toBWN7aAWCr3QFoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEKwAEB&sclient=gws-wiz&ved=0ahUKEwiLwoiYr4zwAhXITxUIHTpMAXwQ4dUDCA4&uact=5
https://www.google.com/search?q=C.+L.+Miao%2C+and+H.+Wang%2C+%E2%80%9CResearch+in+Surface+Modification+and+Anti-Fouling+of+Polypropylene+Porous+Membrane%2C%E2%80%9D+Advanced+Materials+Research%2C+vol.+634-638%2C+pp.+353-356%2C+2013.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk026n4xRJ6coLCIC94sRIJSFHaOpxQ%3A1618906099891&ei=84t-YMv8Ncif1fAPupiF4Ac&oq=C.+L.+Miao%2C+and+H.+Wang%2C+%E2%80%9CResearch+in+Surface+Modification+and+Anti-Fouling+of+Polypropylene+Porous+Membrane%2C%E2%80%9D+Advanced+Materials+Research%2C+vol.+634-638%2C+pp.+353-356%2C+2013.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQ3toBWN7aAWCr3QFoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEKwAEB&sclient=gws-wiz&ved=0ahUKEwiLwoiYr4zwAhXITxUIHTpMAXwQ4dUDCA4&uact=5
https://www.google.com/search?q=K.+A.+Montoya-Villegas%2C+A.+Ramirez-Jimenez%2C+and+e.+al.%2C+%E2%80%9CSurface+Modification+of+Polyester-Fabric+with+Hydrogels+and+Silver+Nanoparticles%3A+Photochemical+Versus+Gamma+Irradiation+Methods%2C%E2%80%9D+Materials+%28Basel%29%2C+vol.+12%2C+no.+20%2C+Oct+10%2C+2019.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk02FKluX1wN3XWukAEpxO6762izlmg%3A1618906129126&ei=EYx-YPmiB6qg1fAPjvG1oA8&oq=K.+A.+Montoya-Villegas%2C+A.+Ramirez-Jimenez%2C+and+e.+al.%2C+%E2%80%9CSurface+Modification+of+Polyester-Fabric+with+Hydrogels+and+Silver+Nanoparticles%3A+Photochemical+Versus+Gamma+Irradiation+Methods%2C%E2%80%9D+Materials+%28Basel%29%2C+vol.+12%2C+no.+20%2C+Oct+10%2C+2019.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQisABWIrAAWDGwgFoAXAAeACAAQCIAQCSAQCYAQGgAQGgAQKqAQdnd3Mtd2l6sAEKwAEB&sclient=gws-wiz&ved=0ahUKEwi574Cmr4zwAhUqUBUIHY54DfQQ4dUDCA4&uact=5
https://www.google.com/search?q=F.+Faghihzadeh%2C+N.+M.+Anaya%2C+L.+A.+Schifman%2C+and+V.+Oyanedel-Craver%2C+%E2%80%9CFourier+transform+infrared+spectroscopy+to+assess+molecular-level+changes+in+microorganisms+exposed+to+nanoparticles%2C%E2%80%9D+Nanotechnology+for+Environmental+Engineering%2C+vol.+1%2C+no.+1%2C+pp.+1%2C+2016%2F04%2F07%2C+2016.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk01cvoAhR6LLrhSQ--oQjJSSeswiXw%3A1618906186580&ei=Sox-YLL0IqKE1fAP19iAwAg&oq=F.+Faghihzadeh%2C+N.+M.+Anaya%2C+L.+A.+Schifman%2C+and+V.+Oyanedel-Craver%2C+%E2%80%9CFourier+transform+infrared+spectroscopy+to+assess+molecular-level+changes+in+microorganisms+exposed+to+nanoparticles%2C%E2%80%9D+Nanotechnology+for+Environmental+Engineering%2C+vol.+1%2C+no.+1%2C+pp.+1%2C+2016%2F04%2F07%2C+2016.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQs7EBWLOxAWCItAFoAXACeACAAdEBiAHRAZIBAzItMZgBAKABAaABAqoBB2d3cy13aXqwAQrAAQE&sclient=gws-wiz&ved=0ahUKEwiywbPBr4zwAhUiQhUIHVcsAIgQ4dUDCA4&uact=5
https://www.google.com/search?q=F.+Faghihzadeh%2C+N.+M.+Anaya%2C+L.+A.+Schifman%2C+and+V.+Oyanedel-Craver%2C+%E2%80%9CFourier+transform+infrared+spectroscopy+to+assess+molecular-level+changes+in+microorganisms+exposed+to+nanoparticles%2C%E2%80%9D+Nanotechnology+for+Environmental+Engineering%2C+vol.+1%2C+no.+1%2C+pp.+1%2C+2016%2F04%2F07%2C+2016.&rlz=1C1GCEA_enIR903IR903&sxsrf=ALeKk01cvoAhR6LLrhSQ--oQjJSSeswiXw%3A1618906186580&ei=Sox-YLL0IqKE1fAP19iAwAg&oq=F.+Faghihzadeh%2C+N.+M.+Anaya%2C+L.+A.+Schifman%2C+and+V.+Oyanedel-Craver%2C+%E2%80%9CFourier+transform+infrared+spectroscopy+to+assess+molecular-level+changes+in+microorganisms+exposed+to+nanoparticles%2C%E2%80%9D+Nanotechnology+for+Environmental+Engineering%2C+vol.+1%2C+no.+1%2C+pp.+1%2C+2016%2F04%2F07%2C+2016.&gs_lcp=Cgdnd3Mtd2l6EAMyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECcyBwgjEOoCECdQs7EBWLOxAWCItAFoAXACeACAAdEBiAHRAZIBAzItMZgBAKABAaABAqoBB2d3cy13aXqwAQrAAQE&sclient=gws-wiz&ved=0ahUKEwiywbPBr4zwAhUiQhUIHVcsAIgQ4dUDCA4&uact=5
https://jonsat.nstri.ir/article_1115.html

