[ Downloaded from jhsw.tums.ac.ir on 2026-03-12 ]

WPR_P}} Siladw 1WA oBuns) /1€ a)laids /9 ala

99 @ 9 WL P19 Sl gad b (5 yoals S0 j 9a0lS 9l (S o5 T (S 339 (w3

Bolins oo 18 duow < F oy domo T (5 ph2> G desl T piles e ool (ol Al 7,

Ol eyl 5 (e Cam s olils ¢ Sy 008ty (gl 48, Cllags cwiige 09,5
Ol eyl 5 e S ys oliils o Sy 0aSiisls (gl 48, Cuilagy (cwiige 09,5 "

Olnlealps (olpl (Ko pole olBiils coaiilagy 0aSiils s Cldlagy owdige 09,5 e Cliilage (65995 Dladon )'S).or

R RRUTS PR PG FICHPRPW I LS E YT
Ol ol o st S Sy pale olKiils ¢ gl g Cudlogs caSlisls (glad > Cublagy gwdige 09,5 °

VPG /P ooy g b NPT 28l o b

oxs =

g oS plal 1508k (oo lho (cwiin 5 (8 JFS sl ) el 51 (o s Bale 5 i (e S5 0o
Cand )0 (J5o e 05 oo el all alils g Bile Fhig o 9 Dgo Ll lgie 4 Wlg o84S oS oslanl LU
@ anlllas ol 0 500 sla Gide a4y o Jlal cdl ial8 Caely (rizrad 9 9540 031 Ggus o3 (e G 4y g0 aite
5 Oyge Fao Gile 5 oMl ply Sleogas bp i (b b psd (SetsS T Sloosas <Ll jslais

5V Expert Design I3 ¢ 3 51 Ghalojl g5k (med 5 el Sgo wdzr o s g JUnil 2l g3lo ane gl I gy
Oliee o SiwgST bl ot j0 plsp alols ¢ cwls sla yl)l « z,b ool 58 o eolitul gl zhaw g, 32,k
8993 S yie (ylsie b )y S l,3436 g PVDF NF)wl sl ooy L «(PANNEF) s yiisl ST L BLIIsG
A il 59 iU STl ooliinl b aulyels cpoiling (Lo o yiish ST b GLI gk as a3 e o
oalitanl b ialosl (>lyb o 4 g, ol LS &8 18 5 obgh yoiige g8 51 yie il V=Y L8 L wy S il 3430
&5 o3lal o asle dolejl slagyly wlal p o jealS g5l diges O+ 0y8,5 oyas Expert Design7 1581 o i
ISO10534-2 s Jastis!l ulusl 5 Gz g0 (5505 ojlasl g ASTM E2611-09 o laibiw) bl oo Jlal il
00990 ;o (5l Ay slacy;eelS .5 & 0 BSWA SWA77 550005 Cgs uslosel slfws 5l oolaiwl b
o5 s 8 45 (cdalel oy 50 (oo 5 (rmaly (il B 035050 1 pls5 Digo JUAN Sl g Dl gy i 1l ALy
VIO olse alols 5 el ¥ cuoles PVDF NF ao s VO PAN NF ws s +/0 oy S @l 3l an 0 V0 g5l
5 i oo Gl Bl YIOY o VAN Y/ Y s 5 s Wb 5 glhoo ¢yl (oS )3 009050 10 g dingy all> (U jgs b pod a0
53 (slrodgaste dad 40 plgi go Jlail il g i o 1o lgp aAlold g culses 1ol 5810 a0gy (6 VL plgs Jlasl el
& Oy iy By 38 ples geo Jlal il g i o« BLIg g0 2 Gol58IL el ¥ Caeles jo.adl il
Lidgs 395 e iSlas )5 BLIlgl g0 ;o a5 olidl slasl o pley g Jlail el g i

sebis b LI 5 sl ST e LI 5y ST S35 50,5 L a5 o i sl sl 5 S 4
OlFsn 09 o0 Al (053 (b 298 b analiie 13 ples Dgo JUI Sl g Qo o po il Sl (g oo 4 w0l
3,8 oolazl (il o o Jlassl alS g Cda a5l loser jeha a5 Sla s 1o dis S 555

Shipiis S gt o 35 el ol S 25 e 3535 OLalS 2

khavanin@modares.ac.ir .45 Jstus odim g Sasg yiSU Coany

)5 oyl g Calbrlagy aslilins


https://jhsw.tums.ac.ir/article-1-6219-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-12 ]

b 0 ol ply S o b sl S o Do
oS o5l Sy slp Bl Gl Sl bbojs ol
JUsl 28l g iz @b 5l 69,05 0 Syo e g
r:l?u‘ Sogo IRVELY J)...S 0‘9.0 d.r...uﬁ.s 9 ABS (o0 J.Jbls
aS s b o jamalS gl dlge pl alex 5l sl 0alds
izl 5l S J8las a5 wiil oo (o5 o 0lge g8l o
5B 50 (6 egl sogama ;o solel b )T sasas LSis
oud &g By Oyao & Cawl dlwgn a5 (6,500
FOREARDRAN

gl 51 S s Bl s i (e S
B plul el oo pwsige 5 (&8 J 7S slo by
s Bl Gl 31 oSl al S b ol
5 odd oS cwlSail glas liw o8 Zolaw O
b oeizmen (Aol (oo 2alS IS lao azs jo
wzlye iP5l oS oy ceb ol sun @l
3l a5 Sl jo b lao bl ise S0 ol 3
Sgo Q3 Glaie 4 Wilgn wo a5 (S coliiul LU
Cely 0gu oolawl adl alils Ggo Gle Shg o2 g
W) Syo g Cud )0 Syo Glaee 45 058 (o0
Ol el uizmad 5 pepd Gy o] lase G
S5 sla i 4 Sge il 2

oz Ol s 4 by b e ek Gl o
obasl adllas opl sl Jodss g pgd obm! )
Jds @ o ooy 51 Jol> SUIGL (e o8
olas wals plxl ) Kea 5 Gayathri a5 gl aslllas
led jo i ol cel wy S gl a5 ol
pP 0 omb sl 52 0 (pgat 4 la L83
colo adllas opl 5l Gae .(\WW)ogd oo U,e b
Sre Bl 5 il ol Sliogas L SeiosT LU
PAN (o, S &340 )b 50 b pgd 5l oolazul b
a5l oo PVDF NF ¢ NF

IWAA olius) /1€ ayladd /9 sla « )5 Giayl § Cuibvlsgy aslibos

ohEss g osl) ,ols @ pg)

doddo =

Sl o Boowo,S caw ab Jeie
95 Fedle hlog b (wles )0 &lge 5l (L yo Jels
55 ol bl s prad 45 0,15 )5 Sl5g0
wlblre cnl 51 Sy 080 oo sy bl gl
5 YT aile colled 51 b sazms 13T glaw Las
591 ol Jelss 5SS oo el il slpallws
ey bazme 5 6,1 Sledare 5l 5k S0 (S
Ailgis oo b o GYsb agalae (F-V)adlow
g lasee 00,5 4Bl apalge of 31 olel il cels
Sl (28 sleidlad yo (SBu coge laoy e
Ot 9 653 o)l e Pl SBee — (B
lo 55 oo bl eatdi 5 SlallSie ,o JOLST ceel,
(oo Ol )5 e s mlie &b 5l wlgiee
O ogd Jol> )l @bl 5 kaolr SSI5
s g oly Salitl el loo L agzlse (eizron
(Fogh (oo o yme 50 U155 (559 0y SialS 5,18

Eroe Sye OlF 2ol (ko slo Luzme )
L515 zghans 5l las lSail S Laoms 45 55250 aslie
O Wl o0 S sle i Sl ead e s
a8l WSl Glas JpaS asl asls sasS wais
slo iz 5l oad it glae 5 (Sse b SIbI o
S S el Dge sl IR g oo K00
el Feo mle SLbI o WSl zshw 252
Gial3l S LulSail e 4 Sigo Lt 315 45 39 oo
SIS ol Jsl 5l pFolr g e i (Vb
M2l (o0 90l @loz 0 o (o) Slogile

sl )5 cilizs wlas oy o g5l 8 5L
Sl oy ol el Wl e o5 o)l Jlgl9
S93 elo> e Job SRl il (2l581 (aeglie
Sl Jlo ;o 050 o0 ;500 slo (S 5 (SN o3
Sse b Ble s b wdls cal o olge gl 5
5P dpamie sla (Shy Jdo 4 sl eanlp ad,

()l sl

wip


https://jhsw.tums.ac.ir/article-1-6219-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-12 ]

wecS1anly ©3)03.6(5030 SaTwgST (slag55a0

g cdaelS Ve 5Ly SIS b el VO alols
A g9 281 cc/hr 5, )55

s PAN NF (15 5 )50 sl Cuje00lS Cols (gl
&l MDI v b oS oslel JI L 4 PVDF NF
Gde &) e 0 ALl 84y 00 soliiul ] el
g b 03) ma (il) (penblite ren b Cels 9o
A osle (18 Sogul il 2o o dads Ve e a
S92 9 b Lol Sllwgnl 4 o) S gl
IR VR VRNSWINRER VA SOV-SNLV W SGIR VI VR S|
30 Ol eols 13 Siguldl 2o jo adds Y-
s Jeiisk ST L G g sl I calys
o S Sl3eb gol> Sllugnl b wlyeld cnodss
00,5 bl Sl el oolainl b LB oo o
b ailo Sl 50 slo o jealS

odguzxe & (slp Sl 3550 slo diged cSbo 5l g
U 23 po 9 JUT 2 pliee (50l (S 2
Pz pe (3 AV 8,5 S o L) el 50
elS 58 (5 odgazme aw yo (Jlaml cdl iyl AY.
D9 lagel olws @sb 5l Vb g bawgie (ol
ply @iz o pom Jlil 28l gla Joo ol (5 5 o3I
O ST Gl 38l e 5 by ainge polie (rizren
b S (oml8 2 009050 52 (Sl Gy gl g5 9
9 23 Ol B ) age Wged 4 2l S jslaie &
YL (ST e s az g Lplys 90 4y Jlanil 2
il (g (e o 5 32 (e 4 o Jlil
Sl Szl g 5 le a2 L) b diges 51 S0 5 it
Gl Aiged s 9 00,5 (53Lws lailinl Le diges acgaseo
Oleyer Sjgo 4 (Vb JUl 28l g Qi e o5,
Gl 0503 0,5 eedlys Sl atgy digel (lyie 4 o)l
DS so et eSilee 4 Cod ) b o ad el
0yad SO a5 wipd oo lis oo yed ol S0 Ole a
o pod il o @y (owe 4z 50 (Sl 0l L VL o
Jolo 3l el &lie gl (g0lis 0500 S5 0l
ol 45 Jlams Bl Silio ) s Syl i

wiw

Mgy =
i)l el 4 oy Sjpe 4 adlls o
bog ke ply Foeo Ble 5 i Slogas
oo g JUml cél gile age lp ol plxil oy
AR5 5l Glesl b i s ely 9o i
Expert Design( Version 7, Stat-Ease, Minneapolis)
coob onl e b eslitul il mhaw by, Giyb
+ lep dold el YO U - /0cwls sl il )l
SIS fien o oKeiosST R Sty 59 sl ¥
sl Gackis b (PAN NP sl T L
Sles 4 G354V b+ e, S &l3sL 5 (PVDE NF)
o yo g JUsl cdl g ol aid 5 a5 55 (5995 sl it
(G P00 )il sl lS 3 53 gl g i
lo 58 9(5,0 B oV +) lawgle sla 50
foly b s it Ol & (5,2 15T+ VL
Sigma- &S o w, S G366 adllas ol o
L ool jolige Cige 45 3l Aldrich Chemie GmbH

HR-338 oS U MDI s b I s 0 g5 V=Y jlad
oy Slge gwidige S5 IA ) 0STL blawg ! g
el JiST (b <58 PAN) S 2o sk ST L
&> P nlsls &5 8 PVDF)sl ol cnadlis
oS po &8 i Sl aelin] e (69 g 9wl )8 Lo
2505 oolaiwl Moo S0 &8 5 gl P>
5Ly Y+ cdale LDMF P> 5l oolawl L PAN
amog alold ¢ Sy VO a5y 2dy VP Cle
5 seailo VY SUISE a0 oz bbb Jolono
Lol Kale axy0 0FYe )98l s (gloo
inglh olys] 3 S8 S g5 el
L PVDF 0l (55831 559 abgs (hg, & (02D
L ol Z¥+ s DMAC 7V (o> o> 5l onliceal
o8 Sy cole ol (g s xSl oS 5l ool

Y cble b 5 gy 4 (0l oeldiesil o]

1WA olas) /1€ a)laids /9 sla ¢ )5 (el § Cublagy aslilos


https://jhsw.tums.ac.ir/article-1-6219-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-12 ]

Sl 0, 5 YL o uils )8
Design 380 o5 5 eoliiwl b gkl Judos 5 4555
sl o gl ol o iz L5L, Jowe &8l Expert7
e gl sl ykie (o (i jekaie Ay (w9550
5 dter oz Ghale] lajeite aingy Lyt s
Jeod g 438 g Gl lo i jlade (9,5 aseeS
P ol SeS L el o JSIG g it 51

OF NS5 &g 15

PVDF 3 PANNF a8 ¢ s 5,250 y55'do Layl 5 b
PVDF 5 AD £Y+ (i) 4 odds s yiSIl NF
g BUIGL sl 5l ol aiges .ol Coway Y- £48 NF
VUKS o b co el jo colanul 550 IS4l
Ll 00l ools oyl
2 ey Sgo Jl 8l g Dda cups n i
ket S cialesl ol )0 mly (el B edg0ome
aoys 1D ey SB35l 0oy VB sl b s
sl ¥ Calies PVDF NF s, 1/ PAN NF
aS (YY)l cewss 391 yowiil VO olsn alold 4
Pl YIEY C100) QI by b ped b awslas o
PANNF 4 o, Sl &l)dgb 5306 ¥ JSCo 090 i
i o g Jisl cdl y plgi & 90 4 PVDENF g

VSl 0 b la S 20 plg )90 4 Dgo

Iy el VIO olon alols 5 jrails ¥ g yie il

ohEss g osl) ,ols @ pg)

e o i Z L

z=2"#
(e

oy iz s b Jliml il co s e X
Syge odgaze 3 Hla 3590 sla il 5 WlisliST s
O g Gleo ol Sl
b wgas JS (Sleo 1t
o diged jlzo Gyl o
Jas olalinl o8 4 oyed alS &5 LK
Slyzl glyls 4 ..\JLSA Cowdy D> o ie8 WNigd (0
S8 Sl e wttes jao (Sl 5 o3l
g S ples ead sjlabial gl mije
NUSVE g W - TP SO
@ Sgo 03 pd g JU 28 ol e sl
98 (o0 plxl 5 Oy @ plys O)90
Pl Sgo ©dz cupo 5 JUul Cél jlaie=
0.7Z( s o ,0)+0.32Z( Jlas! cd)

S lastisl 5l eolarwl b Gigo Jasl cdl g .5 ool

bl 33 i o g5 05l g ASTM E2611-09
oBiws 3l eolawl L 9 ISO10534-2 (1998) o laskin!
BSWA SW477 550005 &5, cobe oo (milaal
o plxl BSWA SW477 550005 ¢S o (yuz jeuiS
5 Jusl cél 5,8 ojlail gl i sl dg gl
AL sle dgd g omb sl (LB s Qi el
293 e g Jul S8l g S oIl sl 2SS

PVDF NF :z PAN NF:e ), S 1,596 1l Ol y3436 5 SLlgil 51 o axé,5 SEM ) Ui

1WA oBus) /1€ a)laid /9 slo ¢ )5 (ieol § Cublagy aslilinsd

wie


https://jhsw.tums.ac.ir/article-1-6219-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-12 ]

ceS1adly €037030(5030 (5xTw0ST Lo, 5hag (win

AB+TL
= b all
125
g &
s c
2w =
=z
g S
o
fus]
ars — 1
234 I :
236
LE-) T T T
s o7s 1m 125 ™
Nano Clay(%
Nano Clay(%) ano Clay(%)
AB+TL AB+TL
= —
5
£
w
z
:
as T T I . o o e 1
as a7 100 125 150
Nano Clay(%) Nano Clay(%)
s AB+TL AB+TL
N
C p.84775) «
e
= / 1 =
ﬁ 100 LDL
o
g o A z
/ /
D=
234 o o 2
i
236 o 2
aso T T T
PAN NF(%) PAN NF(%)

900y S Oyl il gl b uilS 2 )0 ply g JUT Cdl g Cdar o pd p1 (F0933] Slgo (alad f3U 5 (55905 WO WY S
1.5cm glen alold 2em cuwbis yo PAN NF 9 ouy S @35l i 1.5em (air gap)lss abobs g lem cwlbis 0 PAN NF
alols g2em cuwbis 2oPVDF NF 9 0uy S @l 3l i 1.5em g abols g 1om cuwbis ;o PVDF NF 5 ouy S cl i gili s
alols g2¢m cwlis o PVDF NF 3 PAN NF :z 1.5cm /g0 abols g lem cwlis ,oPVDF NF 9 PAN NF :& 1.5cm ols

1.5cm ls

L [A)

1WA pBus) /1€ syladds /9 sla ()15 (iel § Cubslsgy aslilng



https://jhsw.tums.ac.ir/article-1-6219-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-12 ]

L awslie ;o a5 (VYD)owel oty g el +/0
e ol 5 culis Luli b alls s b ps?
Sl 31 S 0 i plyp YIOY (- /AY) LS
sy5 » PVDFNF § PANNF 5 v, Sb o3
P YL la S8 ) ply Bge JUaml 8l 5 i
VD s alold 5 apilo ¥ g e b ) Culbis
by JEA Gl Gl e e (LS ) hetibe
oolaiwl & jgo (0 algi o Jlal cdl g L (o
aS w3l Sy o eaisS 5 5l s3> 40 ply
5 00 S gl izmen g PANNF 5 ), Slogil
1366 oyl e g 00l oolaiwl algi &y 90 4y PVDE NF
PVDF NF 5 PAN NF 5 /) osgame ,5 w, S

Bl gy 9550 @55 53 e (e
winlesl slo o, slo asls ulul o5l Jow
Bl g iy Joe slael Gl gln ol el
o)yl Gl sl 53 o ply g Jlil
AEAB (slo 5516 YU gl LlS )3 5 BE 5 CEAD
Bi> ool wogs o me skl Ll 5l a5 CE
k> abkal, Jos Design Expert 13381 o5 .03l o0ys,5
Sl piie g plgi Sgo Dz oy g JES S8l
QFD) ole ¥ alail) Jow el slo (353 50 (6999
o8 50 pgs 4z s abal) Joo g (Sl sla 55 50

Dged slgaiion YU o
yokie 4 Design-Expert,l;8l s 51 ole oo
69959 S yerie ) ooliinl b aingy Sl 5 (i
i 5l polB ke b g Sl Shas 4 o) sl p
b 4398 @S eSSl am )5 eslinal Ealy
el Sgo Jl Cdl g Cix oy ange Ll
S p3 28,5 Syg0 Pl e (nl SeSTL (sl
oS L ) 5o gl sl yuie 138l 0 (g5l Al
2 ol slad>oly 5l (¥ Jgar wad oo
wayd o Gy glopiie jl ks 0,00 ilide gslan
oty slo uilS 3 50 YU plss g JUal 2l 5 i

IWAA olius) /1€ ayladd /9 sla « )5 Giayl § Cuibvlsgy aslibos

ohEss g osl) ,ols @ pg)

S3gl Glejen (IBILY S0 b ans oo olis
& win b 5 Jinl cdl PANNF 5 s, S
D3> o pd g JUl 28l (g wb oo 28 gl 90
Otyi PANNE oS s jlo |y jlade o s Sl ples
Gl bl ke S ey S ldsil
JEst cél « PVDF NF 5 o, SB oldgil lejen
egon al3il b s o 5l gl i
oy 5 JUin! cél PVDF NF 3 PANNF ) oslizu
9 JWS! S8l it il (oo 20 gl Dgo i
PAN &S 0] oo Cands Sloj plg By 0dx oo
il Jade o ,%eS PVDFNF 4 oy 2iny NF

ey Sge JUl S8l g Cda oy (n i
ke & ialesl oy 5o Gl (oudlS B 0350
Qo> [0 oy S Oldgl as 0 VIO gl U
youwiles ¥ Cwels PVDF NF oo, VO PAN NF
05 (IPF)ae] ey 591 ol VD _lsn alols
g Celbed plea b alls lhe (b ped b aslia o
LSBT S g sy e VAY (oY) Llsn alols
ay> y PVDFNF 3 PANNF 4 o, S o340
Sle sla S8 50 ply Do Jll cél 5 D
st Aol 5 el ¥ g e il ) culis e
9 20> pd (p s a0 (o0 LA ] el 110
Soge y> ol oo Sy Gloj gl Digo Jliil 24
2 PVDFNF 5 PAN NF GUIgib lejen oolizal
Dbl yieale ¥ cwlbs g lade i BLIIGL 40
9 o) S S3gl jlelgs eolital & 90 )3 (izeen
Sl plgs JUl cdl g Dd o po o yidoy «PANNF
ooy S sl s it PANNF o wisl e sl
RUSHCINCEIN JUNESSEPEIIcy

2 el Sge JUl S8l 5 Qi s i
OUose s po8 o5 stalojl 0l 5o Vb (odlS )8 0350
PAN so,0 + /0 (w, S &l36b ausy0 VIO (g9l>
lsp alolé 5 iagiils ¥ cuslis PYDF NF «/8 NF

| 1%


https://jhsw.tums.ac.ir/article-1-6219-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-12 ]

wisrarly C13j030(5030 (SxTweST (sla5h0

AB+TL
= <l
£
w
z
=z
<
Nano Clay(%) Nano Clay(%)
AB+TL AB+TL
<« [
£
w
Z
2
Nano Clay(%) Nano Clay(%)
AB+TL AB+TL
a
135642
PAN NF(%) PAN NF(%)

9 00y S 053956l Sl Gle (iS50 plei Wguo JULI Cdl g i ca pb 2 (F9958 Slge (Jlolai S 51 ()9S WO Y S

1.5em lgp alols 92em cuwbis ;0 PAN NF 5 () S &35l 1@ 1.5em (air gap) glss alol g lem cobies o PAN NF

alols 5 2em cwlbis ;5PVDF NF o SB i igl 1 1.5em fes abols g 1em cuolies 53 PVDF NF 3 ) SA @) )35l 1

alold g2cm cwbs ,oPVDF NF s PAN NF :z 1.5cm glgp alols g lem cwls ;,o0PVDF NF 5 PAN NF :& 1.5cm 190
1.5cm o ls

w1y 1WA pBus) /1€ syladds /9 sla ()15 (iel § Cubslsgy aslilng


https://jhsw.tums.ac.ir/article-1-6219-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-12 ]

ohEss g osl) ,ols @ pg)

AB+TL
120
- )
g g
[ [y
b ; 1
& S
i 1.37
} 367
as
nano clay(%) nano clay(%)
AB+TL AB+TL
< «
K
g g
i 2
: 2
nano clay(%) nano clay(%)
. AB+TL AB+TL
&
a
125
£ e
z L
ISL 100 E
ars - Y ) :
137 I '
-3.67
ot L) a7 100 125 1.5
PAN NF(%)
PAN NF{%)

PAN § oy S &l 5556 il YU 6l (il 1 50 plgi Sguo JUiil Cdl g i s i (509381 Slgo (oles 8 I (s s5S By F S

1 L.5em lgp aols §2em cuwlbis 4o PAN NF 5 uy S @38l i 1.5em (air gap) olss abols 5 lem cawlis jo NF

alols g2¢m cwbis ,PVDF NF 3 ) S @il i 1.5em gl alols g Tem cuwlivs ;s PVDF NF 9 ouy SA @l gl

alols g2¢m cwbis ;sPVDF NF s PAN NF :z 1.5cm 5192 alold g 1em cwls ;oPVDF NF 9 PAN NF & 1.5cm 10
L5cm gle

1WA pBas) /1€ s)laids /9 sla ¢ )5 (ias) § Cublagy asliling WIA


https://jhsw.tums.ac.ir/article-1-6219-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-12 ]

wecS1anly ©3)03.6(5030 SaTwgST (slag55a0

liso gl uils )8 40 sl Cawas b Jow N Jgu

ol
(AB+TL) =+0.001-0.11A™+0.047B™-0.15C

st

e g5 gt
+0.58D*****+() 29F s omb
2FT Sl

(AB+TL)=+0.0012-0.10A+0.041B-0.19C+0.51D+0.33E-0.36AB

-0.21AC-0.041AE-0.30BC+0.046BD+0.24CD-0.046DE
(AB +TL)=+0.37-0.0184 +0.072B +0.15C +0.46D —0.12F

+0.134C +0.134D —0.088BC +0.062BD +0.023BE +0.057CD P32 42 L
+0.039DE —0.534° +0.034B° +0.064C > —0.093D° +0.073E *

€M) lgs alals

PVDF NF/## PAN NF/*** Lo, Sl s/ plg go JUinl cdl 5 i oyt

bwgs aliseo (wilS )5 g 00gumo 5O plgi Wgwo JWGI Cél g L o o (g 5lwdiat Al o jo (golpdioy s> ol y (B 0 .Y Jgu=
Design-Expert /33 o ,

il g i s S olssl
€M) Ji5 slad | (€M)cales | PVDF NF(%) | PAN NF(%) _ olS 53
el Juis D)

iYe Vo ¥ - /oY Vo -0 ol ouls 3
VAN VIO Y <10 \VIYY <10
V¥4 VO \ 18 VI <180 e uilS
VY VAR \/ag <10 Vb <10
\YY .18 \ Vs VY VA N
\TAR <10 Y A VIYY AR

olad sl alol ol sl 5,8 40 (gl ax b BLI
0 ol Bl i s aler alold ioli8l L as sl
oy Slp o )Ken g Ersoy a5 (gl asllas (V)b
plnil (srio sl lasilony (oS Sliogas
o8l Ll b il ioli8l L ol lid wisls
o e e s Han a5 (gl asdllas (Masly (o
poeesl] s 3l sl Jsho (SorsST Gl L,
ookl Ojgo 10 a5 Wdw el 4 Assls el
D3> Olies poegll 98 L3l Cuty 1o o Y
oo g seddeq a5 (gl axllas (VA)ogd oo i
Sk SLlolge Seo i Shogas ow)n ¢l
Slobosi S B 5 e gtan B smpsb LI ol
as ol las wisls all (S ¢ WBBL) s slas
b Wlf 8 der 0 Cis copo wWwlbs il b
L as ol las dsdlas cpl ioren b o0 il
Gl HuilS 8 Cos 4y i S b Y olaws ul8l

wIq

ol oy &l sl WU 5 o
‘%‘;\?*r&’.)*éﬁggi‘?d“‘léﬁ‘:“w)ﬁjua Jg““

u‘-’l’ wlfjs 6&’ 0dgdoe O P‘?J Sgo JLM‘ ol 9
Gl b 5 S5 B ams o i |, VU 5 s
(g abold 5 culis Bl L b oo I plss
sla 83 )0 el g JUiml Cdl g Dl

b oo GRlBIVL slo (il 8 51 i Sl g b

o iz s ol alold I3 ol o

o o GV 5 s by e 55 0
Cales ilidl a5 ol lis adlas mlo uses
2 omb g Sl sl (WS 0 e alols
wix cupe 2 Vb gl W 4 e
g Liu a5 (ol adlllas o)l algy Sgw Jlal cdl 4

Qi oy p Sl JFHES pw)p Gl oS

1WA olas) /1€ a)laids /9 sla ¢ )5 (el § Cublagy aslilos


https://jhsw.tums.ac.ir/article-1-6219-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-12 ]

ohEss g osl) ,ols @ pg)

Design-Expert® Software

AB+TL

Interaction

Design-Expert® Software

Interaction

E: air gap(cm)

AB+TL

E: air gap(cm)

® Design Points

= E-0.500
A E+1.500 07—+

X1 = D: Thickness(cm)
X2 = E: air gap(cm)

AB+TL
I

Actual Factors

A: Nano Clay(%) = 1.00
B: PAN NF(%) = 1.00
C: PVDF NF(%) = 1.00

® Design Points

= E-0.500
A E+ 1.500 12—

X1 = D: Thickness(cm)
X2 = E: air gap(cm)

Actual Factors

A: Nano Clay(%) = 1.00
B: PAN NF(%) = 1.00
C: PVDF NF(%) = 1.00

AB+TL
T

D: Thickness(cm)

D: Thickness(cm)

Design-Expert® Software

Interaction

AB+TL o]
a

® Design Points

= E-0.500

A E+ 1.500 0125 —

X1 = D: thickness(cm)
X2 = E: air gap(cm)
Actual Factors 5
A: nano clay(%) = 1.00
B: PAN NF(%) = 1.00
C: PVDF NF(%) = 1.00

AB+TL

2425 —|

E: air gap(cm)

1.00

D: thickness(cm)

W S o (Al sl (il 8 s Gy sW uilS 8 i) al g5 gua JU) ) g e Gy el Sl g (A olad 00 Y IS

Cals Ll L dawgie Hlade ;o by e audy uilo
5,8 o ooguze den (o Lge Jlaul cdl e
Oy Jlanl cdl iwbes Giol3l b Lol ol so 2ol
Hai-jun oS gl aalllae .ol o5 (]33] ol lon 4
s Asdrubali (YY),Se2 g Antonio (Y1), Sen 4
Ceoles ol 8l L as ols ylas wols plosl (YY) o) Sen
Oladllas wb oo Giol38l Cao JUl cdl Slge alols o
S a3 oo i ol dalllas rizmes g 435 )50
b 53 e slo e 5 (o (2l alold g Culis
il oo Seo slo @le jloolaiul g
Syge 50 PAN NF a5 ol lis asdlae gl

IWAA olius) /1€ ayladd /9 sla « )5 Giayl § Cuibvlsgy aslibos

YL

JHle Slge diges Culs oS 39d (oo &8ly Sge
Aol iy (63,550 Dgo zae Jsb pas Su
Sye 5P @iz 4 Sy o dgel udy o 2lse
boonlple a8 S8 ol 5 Sl slo 68 50
Ty Job 0 Sye $ifl 2l gl alol a1l
olowl b puizren (Ve VDl oo (il ol o
(resonance) wilig;, odudy «dl> cuily glse alold
g 2dz debgaas (o F) 5 omb sle (a3 50
Cow dunlin L. (Y V)ogd 5l slo Wil 3 o Lgo
Oezen F o VY gl S0 sl jloges G g ol
ol Sygo 0 85 Gyge a5 ola pJUT O S

WPo


https://jhsw.tums.ac.ir/article-1-6219-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-12 ]

wecS1anly ©3)03.6(5030 SaTwgST (slag55a0

as asl ade plas Wl oo gl el BYs 51 (S
997 2 63k SUIEL L (Ggo glel b slo culies
o s Jl Sl Cdm capd sl el a8 ol
Cely (BLGL 51 S ol e a4y oy Sl )3g0 0l
3L b sla e 51 (S 098 (g atndls piicn il
9 23> oy Gl s Culid g o) S o3l
JGil cal moliél e Sl sl (uils )3 o ales Jlasl
O plpes baldl oo oy b 5l JS 4l 0
Lasb opl 0008 o0 plp g0 daw aaiily cwlses
dBF Uizl el Ll 5 L oedans aedls (o ol 90
(YO)L (oo il
B psd UL sk o b eaisS a5 el
e Gk Sl S Sgo 4 (6551 S80S oo
S b psdo)leno b Jobos gl Galidl Wil oo
JSs (YF)oizes deupp |y Sy C‘j.n‘ 3 b IS
PVDF 5 PANNF .., S& ol,356 Lol I f
o8 0 ply g Jll cdl g i <o ys » NF
alold 5 el Vg e gile ) Culs o YL o
90 ;o il bass oo plas |y easle VO s
Cdl g Ldz oo eaiile ¥ ockls o UL
Cdl g Lz o pd (e Wb (o0 (Rl plgs i)
Sl g0 a5 azdl o 3l e plss Do Jlii
A oo slis bl pl anil 0g> Jlade iSlas o
756 Cod i Sye gleel i gla Culs o0 a8
@ SUIGL Sl eolitul (rizmen 9 825 (oo )18 SLIgL
o Ll el o b ey S Sldel of an
Ot GRIB (J 058 (o0 gl Sge LT 28l 5 Dl
o et il jo PLS sl el by 0aisS 5 0o

e o0 S jmelS gl oIS el el aS 0g

S5 Al =
Sleogas » Oldgl g SUI b 56wy
0355 ALl as ols s p 5 B0 (b pod (SeiwsST
sl ol 4 PVDF NF PANNF ¢, S ol 350

L}

5 PVDF NF U L, S1 @ldgl b el oolicel
b plgs Dgo Dy g JUST iy j5elS
aS ol oo Judo ol 4 el ol Yo Sl (SG sl
6ol x> ol jo g adly (6 5eS aruils PANNF
500 e S, b lejen coliwl &g 0 o)l
ol 5o Jddo ogd (o0 pgb JSis po Pl el
ol 008y 0 5l e solinal a8 sl e b
oeolS cel wily o aS was o a5 1) b Jole
()05 ool sl il 3 5 il 2l 5 i
oolitl & )90 55 Gle lo (il 3,0 @mls b
<3686 i3l b PAN NFy L, S ol )35 5l olgs
Sgo Jis! 28l g iz g po « PANNF o o, S
JEl cdl s iz o po oy b (oo Gl el
96 g (pyiies PANNF a5 widl o slasl gl plgs
3 ple eolainl & jgo yo all ke peS e, S
S il tls3l b« PVDFNF 5 v, 1 &l 36k
3 o yrapiilo | Culies 13 « PVDENF g
o b oo 0I5 s il ol gl JUatl
ey e b oo Gl el ¥ il o
Sy yewle Y Culxs o plyy Jll cdl g Gl
PVDF NF g oy iion (o, S o6 oS il o lasl
O i proaiile ¥ Cwlbes jo (Jg ol jladie (e
oS il oo 3l by plyy il el Gis cu s
il Mie okt e, SBgl s PVDFE NF
L33« PVDE NF 5 PANNF | lss ssliceul & 90
e ol ) Culis ,o  PVDF NF 4 PAN NF
i oo RIS s il i ol il 28l 5 i
Ot b oo Gl eile Vo cwls jo Jy
owiilo VGl yo pley Jlaml cdl § Cde g o
PVDF o 0y i PANNF a5 il o sl Sl
sagles ¥ calies o Js il i (S NF
o Wl S plys JUUl cdl g Qi g o (i
il e (yyyiéey PANNF g PVDF NF as ol

1WA olas) /1€ a)laids /9 sla ¢ )5 (el § Cublagy aslilos


https://jhsw.tums.ac.ir/article-1-6219-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-12 ]

0 PP 0l b pod (SutwsST o Slae 1alS g s
saisl slo (gl ;0 05 oo olpiiny (eizen 05
Sloogas y wy Sk &350 s PVDF GLIgl L6

DS 18 oy p 0550 Blge Koo Fgo eV

e“b)‘-\é 9 s B E

Al oo 1S Al bl gl sis dlie oyl
S sl coles 5l ) 093 Sis il Banss
Q‘)‘ef' uu).\.a s.,u.b); olLisls ‘5...&5).5 r:)_,_?u; wal&o
Syl ool

REFERENCES

1. Mizoue T, Miyamoto T, Shimizu T. Combined effect
of smoking and occupational exposure to noise on
hearing loss in steel factory workers. Occupational and
environmental medicine. 2003;60(1):56-9.

2. Nassiri P, Koohpaei A, Zeraati H, Shalkouhi PJ.
Evaluation of exposure to whole-body vibration and its
health effects on train operators in Tehran-Andimeshk
line, Iran. Journal of low frequency noise, vibration and
active control. 2009;28(4):285-94.

3. Nassiri P, Koohpaei A, Zeraati H, Shalkouhi PJ. Train
passengers comfort with regard to whole-body vibration.
Journal of Low Frequency Noise, Vibration and Active
Control. 2011;30(2):125-36.

4. Alimohamadi I, Soltani R, Azkhosh M, Gohari M,
Moosavi B. Study of role extroversion of caused by
traffic noise on mental function of the students. Iran
Occupational Health. 2011;7(4):7-0.

5. Aliabadi M, Mahdavi N, Farhadian M, Shafie Motlagh M.
Evaluation of noise pollution and acoustic comfort in the
classrooms of Hamadan University of medical sciences
in 2012. Iranian Journal of Ergonomics. 2013;1(2):19-27.

6. Clark C, Stansfeld SA. The effect of transportation
noise on health and cognitive development: A review of
recent evidence. International Journal of Comparative
Psychology. 2007;20(2).

7. Setaki E Tenpierik M, Turrin M, van Timmeren A.

IWAA olius) /1€ ayladd /9 sla « )5 Giayl § Cuibvlsgy aslibos

ohEss g osl) ,ols @ pg)

o Pl Do JUl S8y Qi qupe Gl el
L ol oo a5 el 0uls oamlie togh cpl jo 090
PVDF NFsPAN NF ., S &35k 5 oolicad
2P Ol b e g JUSI Sl 5 Dd oo
o583 50 9 ple g9 5l e YL omly sl B3
s 5o SIS ol e, pl VAY ol sl

Sleogas o)l 5 See glpel 2 s rtim HEVL Gl
Eloogar wilg o eopmly atemdls b GLIIL 5 olizl

sl cuwlxs 3O p2 |) £y QU”—}, asL' ﬁ}-é gsiH“;T
oolatul .ams il YU slo cwles 1o o2 5 ol
S o S sl el b 0aisS 5l a5l Lion

Acoustic absorbers by additive manufacturing. Building
and Environment. 2014;72:188-200.

8. Ersoy S, Kiiglik H. Investigation of industrial tea-leaf-
fibre waste material for its sound absorption properties.
Applied Acoustics. 2009;70(1):215-20.

9. Fu F. Progressive collapse analysis of high-rise building
with 3-D finite element modeling method. Journal of
Constructional Steel Research. 2009;65(6):1269-78.

10. Wang X, You F, Zhang FS, Li ], Guo S. Experimental and
theoretic studies on sound transmission loss of laminated
mica-filled poly (vinyl chloride) composites. Journal of
Applied Polymer Science. 2011;122(2):1427-33.

11. Ahmadi S, Nassiri P, Ghasemi I, Esmaeilpoor MRM.
Sound transmission loss through nanoclay-reinforced
polymers. Iranian polymer journal. 2015;24(8):641-9.

12. Arunkumar M, Pitchaimani ], Gangadharan K, Lenin
Babu M. Sound transmission loss characteristics
of sandwich aircraft panels: Influence of nature of
core. Journal of Sandwich Structures & Materials.
2017;19(1):26-48.

13. Gayathri R, Vasanthakumari R, Padmanabhan C.
Sound absorption, thermal and mechanical behavior
of polyurethane foam modified with nano silica, nano
clay and crumb rubber fillers. International Journal of
Scientific and Engineering Research. 2013;4(5):301-8.

14. Lee ], Kim GH, Ha CS. Sound absorption properties of

polyurethane/nano-silica nanocomposite foams. Journal

wpp


https://jhsw.tums.ac.ir/article-1-6219-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-12 ]

wecS1anly ©3)03.6(5030 SaTwgST (slag55a0

15.

16.

17.

18.

19.

20.

of applied polymer science. 2012;123(4):2384-90.
DEHGHAN SE GOLBAAEI E MADDAH B,
YARAHMADI R, ZADEH AS. Experimental
Investigations on electrospun mat production: for use
in high-performance air filters. International Journal of
Occupational Hygiene. 2015;7(3):110-8.

Dehghan SE, Golbabaei F, Maddah B, Latifi M, Pezeshk
H, Hasanzadeh M, et al. Optimization of electrospinning
parameters for polyacrylonitrile-MgO nanofibers applied
in air filtration. Journal of the Air & Waste Management
Association. 2016;66(9):912-21.

Liu X, Yan X, Zhang H. Effects of pore structure on
sound absorption of kapok-based fiber nonwoven
fabrics at low frequency. Textile Research Journal.
2016;86(7):755-64.

Han E Seiffert G, Zhao Y, Gibbs B. Acoustic absorption
behaviour of an open-celled aluminium foam. Journal of
Physics D: Applied Physics. 2003;36(3):294.

Seddeq HS, Aly NM, Marwa A A, Elshakankery M.
Investigation on sound absorption properties for
recycled fibrous materials. Journal of Industrial Textiles.
2013;43(1):56-73.

Seddeq HS. Factors influencing acoustic performance of

wpp

21.

22.

23.

24.

25.

26.

sound absorptive materials. Australian Journal of Basic
and Applied Sciences. 2009;3(4):4610-7.

Yu H-J, Yao G-C, Wang X-L, Bing L, Yao Y, Ke L. Sound
insulation property of Al-Si closed-cell aluminum foam
bare board material. Transactions of nonferrous metals
society of China. 2007;17(1):93-8.

Antonio J, Tadeu A, Godinho L. Analytical evaluation of
the acoustic insulation provided by double infinite walls.
Journal of sound and vibration. 2003;263(1):113-29.
Asdrubali E. Survey on the acoustical properties of new
sustainable materials for noise control. Proceedings of
Euronoise, Tampere, Finland. 2006;30.

Li T-T, Chuang Y-C, Huang C-H, Lou C-W, Lin J-H.
Applying vermiculite and perlite fillers to sound-
absorbing/thermal-insulating  resilient PU  foam
composites. Fibers and Polymers. 2015;16(3):691-8.
Hung T-C, Huang J-S, Wang Y-W, Lin K-Y. Inorganic
polymeric foam as a sound absorbing and insulating
material. Construction and Building Materials.
2014;50:328-34.

Chen S, Jiang Y. The acoustic property study of
polyurethane foam with addition of bamboo leaves

particles. Polymer Composites. 2018;39(4):1370-81.

1WA olas) /1€ a)laids /9 sla ¢ )5 (el § Cublagy aslilos


https://jhsw.tums.ac.ir/article-1-6219-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-12 ]

'l

e
b

JHSW
OPEN ACCESS
Journal of Health and safety at Work 2019; 9(4): 324-328

Received: 2019-05-28
Accepted: 2019-07-11

Investigation of Acoustic Properties of Polymer
Nanocomposites Polymer Regarding Combined Sound
Absorption and Insulation Characteristics
Roohalah Hajizadeh!, Ali Khavanin*', Ahmad Jonidi Jafari®, Mohammad Barmar?, Somayeh Farhang Dehghan®

! Department of Occupational Health Engineering, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran

2" Department of Occupational Health Engineering, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran

3 Research Center for Environmental Health Technology, Department of Environmental Health Engineering, Iran University of Medical Sciences, Tehran, Iran
* Department of Polyurethane, Iran Polymer and Petrochemical Institute, Tehran, Iran

’ Department of Occupational Health, School of Public Health and Safety, Shahid Beheshti University of Medical Sciences, Tehran, Iran

ABSTRACT

Introduction: Nowadays multiple techniques have been developed to noise control. One the most important
way is the control based on sound absorption and insulation. The purpose of current study was to improve
the acoustic properties of soft polyurethane foam regarding combined sound absorption and insulation
characteristics.

Materials and Methods: Polyacrylonitrile and polyvinylidine fluoride nanofibers are fabricated using
solution electrospinning technique. Nano-clay particles (montmorillonite, 1-2 nm in diameter) were
purchased from Sigma-Aldrich, Inc. Experimental design was prepared using Design-Expert ver.7 software.
The 50 samples of nanocomposites were fabricated on the basis of experimental run. The measurement
of sound transmission loss and the absorption coefficient was conducted using BSWA SW477 550005
Impedance Tubes according to the standard ASTM E2611-09 and ISO10534-2, techniques. Response
surface methodology (RSM) with central composite design (CCD) was applied to optimize the conditions
to produce nanocomposites for each frequency range.

Results: The polymer nanocomposites had the higher combined sound transmission loss and the absorption
coefficient than pure polyurethane foam. Their combined transmission loss and the absorption coefficient
in the low, middle and high frequency range was 02.02, 1.91 and 2.53 times higher than the pure polymer.
The combined transmission loss and the absorption coefficient in all frequency ranges have been increased
by increasing the thickness of the composites and air gap. At a thickness of 2 cm, the combined composites,
sound transmission loss and the absorption coefficient increased with the increase of content of both
nanofibers. The highest combined transmission loss and the absorption coefficient was observed when
mass fraction of nanofibers was in at its maximum level.

Conclusion: This study showed that the adding nano-clay particles, polyacrylonitrile and polyvinylidine
fluoride nanofibers to polyurethane foam can lead to increased sound transmission loss and the absorption
coefficient. The obtained optimized nanocomposite can be applied to noise control where requiring the
absorption as well as reduction of sound transmission.

Keywords: Noise, transmission loss, absorption coefficient, Polyurethane, nanofiber, nanoparticle
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1.Introduction

Noise control based on the absorption and isolation
is an effective engineering control method. In this
approach, by increasing in surface absorption
coefficient, the level of sound reflection would
decrease and the total sound level would drop down.
In addition, with appropriate insolation, a less
exposure level would happen to noise among the
workers. In the case of using acoustic tile as sound
absorption with insolation properties, it could shift
sound field to free field around the source. Meanwhile
a dramatic increase cab be seen in transition loss in
other areas. Among the polymers, polyurethane was
chosen for this study because of its lowcast, ease
of foaming and high porosity. Nanofibers Polymer
also cause more damping of the sound due to the
creation of tortuous path for the sound transmission
and increased contact area. It has been shown that
addition of nanoclays in polyurethane foam can
improve the sound absorption level at all frequencies,
especially at low frequencies. Therefore, the present
study aimed to assess the acoustic properties of
polyurethane containing nanofibers and nanoclays
regarding combined sound absorption and insulation
characteristics [1].

2. Materials and Methods

Polyacrylonitrile and polyvinylidine fluoride
nanofibers were produced using solution
electrospinning technique. Nano-clay particles
(montmorillonite, 1-2 nm in diameter) was
provided from Sigma-Aldrich, Inc. Experimental
design was prepared using Design-Expert ver.7
software. The 50 numbers of nanocomposites
samples were produced on the basis of experimental
run. To make the nanocomposites samples, electro
spun polyacrylonitrile (PAN) nanofiber (NF) and
polyvinylidine fluoride (PVDF) NF were added to
the polyols with methylene diphenyl diisocyanate
(MDI) system. It was stirred with a magnetic stirrer
for two hours and placed in an ultrasonic for 30
minutes. The polyols containing PAN and PVDF
nanofibers were mixed with isocyanate containing
clay nanoparticles inside the mold and the desired
composites were made using a mechanical [2].

After making the test samples, the average
combined noise transmission loss and absorption
coefficient (considering 70% absorption coefficient
value and 30% transmission loss value) in three
frequency bands (low, medium and high) was
measured using tube impedance device. The
measurement of sound transmission loss and the
absorption coefficient was done using BSWA
SW477 550005 Impedance Tubes according to the
standard ASTM E2611-09 and ISO10534-2.

At first, each sample according to the mean
and standard deviation was standardized for each
sample set

to obtain the optimized test sample in terms
of combined sound transmission loss and the
absorption coefficient, due to the high dispersion
rate of the transmission loss compared to the
absorption coefficient and their non-coherence,
Then, the sample with highest absorption coefficient
and transmission loss was selected as the optimized
sample. Standard score (Z) determine scores
relative to the mean.

To determine the combined transmission
loss and absorption coefficient of the sound are
performed as follows: Combined transmission loss
and absorption coefficient of the sound = 0.7 Z
(absorption coefficient)+0.3 Z (transmission loss).
Response surface methodology (RSM) with central
composite design (CCD) was applied to optimize
the conditions to produce nanocomposites for each
frequency range.

3.Results

The diameter of PAN NF and PVDF NF was 85+
20nm and PVDF NF 96+20 nm, respectively.
An example of the forms of nanofibers and
nanoparticles used in nanocomposites is shown in
Figure 1.

Design Expert software proposed a linear
relationship  between combined absorption
coefficients and transmission loss and input
variables (weighting percent of nanoclays and
nanofibers, foam thickness and air gap distance)
at low frequencies, two-factor relationship model
(2FI) at middle frequencies and a quadratic
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relationship model at high frequencies. To increase
the validity of the models provided by Design-
Expert, the combined absorption coefficients
and transmission loss the factors which were not
statistically significant, were excluded from the
model. Design-Expert software was used to predict
optimal combinations using input variables to
achieve maximum, minimum, or specific amount
of response variables. After obtaining the relevant
results, optimization for the combined absorption
coefficients and transmission loss was done with
using Design-Expert software. Table 2 presents
some solutions at different levels of response
variables that had combined high absorption
coefficients and transmission loss at low, mid and
high frequencies.

Figure 2 shows the influence of thickness and
air gap on the combined absorption coefficients and
transmission loss in the low, mid and high frequency
bands. The combined absorption coefficients and
transmission loss increase with increasing foam
thickness and air gap. This increase id higher for
low and mid frequency than high frequency.

According to the results, as the air gap increases,
the absorption coefficient increases at low, mid
and high frequencies. The results also showed that
increasing the foam thickness and distance at the
mid and low frequencies had a higher effect on the
absorption coefficient and transmission loss than
the high frequencies. The air gap behind the sample
can be effective in absorbing the acoustic energy
at mid and low frequencies, with increasing the
acoustic energy absorption at long wavelengths,
as a result. Resonance phenomena also occur at
lower frequencies by creating an air gap behind the
absorber, resulting in better absorption of sound at
low frequencies. The results of study showed that
using PAN NF with clay nanoparticles or PVDF NF
in composite didn’t have the combined absorption
coefficients and transmission loss. One reason can
be that PAN NF gas low density and, consequently,
being too bulky, disrupts foam formation if used
concurrently with other fillers. What is more the
overuse of fillers reduces cell volume, which can
reduce absorption and transmission loss at low

frequencies [3-5].

The highest combined absorption coefficients
and transmission loss occurs at 1 cm thickness
when PAN NF has the highest weighting percent
and PVDF NF has the lowest percent but at 2
cm thickness the coefficient of absorption and
coefficient of transmission occurs when PVDF NF
and PAN NF have the highest weighting percent.
At high thickness, the sound waves collide with
many nanofibers, which increases the combined
absorption coefficients and transmission loss [6].
The nanoclay along with one of the nanofibers
increases the density of foam. That is due to may be
the increase in mass transmission loss in the control
region for the high effect of clay nanoparticles
and thickness on the increase in combined
absorption coefficients and transmission loss at
mid frequencies. As the thickness doubles, the
surface density doubles. In this area, dB6 transient
doubling of surface density or frequency increases
[7].

When fillers are placed in the cell or inside the
foam, the energy loss in the form of heat can be
increased because the wall of cell or foam must
improve the deformation caused by sound waves.
The combined highest absorption coefficients and
transmission loss occur when both nanofibers are
at their maximum weighting percent [8]. These
results show that at higher thicknesses, the sound
waves are more affected by nanofibers and also the
use of nanofibers with clay nanoparticles partially
increases the combined absorption coefficients and
transmission loss.
4.Conclusion
The polymer nanocomposites had the higher
combined sound transmission loss and the
absorption coefficient than pure polyurethane foam.
Their combined transmission loss and the absorption
coefficient in the low, middle and high frequency
range was 02.02, 1.91 and 2.53 times higher than
the pure polymer. By increasing the thickness of the
composites and air gap, the combined transmission
loss and the absorption coefficient in all frequency
ranges were increased. At a thickness of 2 cm,
the combined composites, sound transmission
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Fig. 2. Influence of air gap and thickness on absorption coefficients and transmission loss coincidently A: Low
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loss and the absorption coefficient was increased
with the increase of content of both nanofibers.
The highest combined transmission loss and the
absorption coefficient was observed when mass
fraction of nanofibers was in at its maximum level.

This study showed that adding nanoclay particles,
polyacrylonitrile and polyvinylidine fluoride
nanofibers  to polyurethane foam can lead to
increas sound transmission loss and the absorption
coefficient. The obtained optimized nanocomposite
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Table 1. Models obtained at different frequencies

frequency Model type Equation

ok ok kot

low Linear (AB+TL) =+0.001-0.11A"+0.047B" -0.15C"" +0.58D***#++0.29F

middle 2FI (AB+TL)=+0.0012-0.10A+0.041B-0.19C+0.51D+0.33E-0.36AB
-0.21AC-0.041AE-0.30BC+0.046BD+0.24CD-0.046DE

high quadratic (AB +TL)=+0.37-0.0184 +0.072B +0.15C +0.46D —0.12E
+0.134C +0.134D —0.088BC +0.062BD +0.023BE +0.057CD
+0.039DE —0.534% +0.034B> +0.064C > —0.093D> +0.073E >

absorption coefficients and transmission loss coincidently *  A-nanoclay(%)** B-PAN NF(%)*** C-PVDF
NF(%)**** D-thickness(cm) *****  E-Air Gap(cm) **##**

Table 2. Some Proposed Solutions to Optimize the absorption coefficients and transmission loss coincidently in
Different Frequency Bands by Design-Expert Software

frequency Nano clay (%) PANNF (%) PVDFNF (%) Thickness(cm)  Air Gap(cm) absorp.tion
coefficients
low 0.5 1.5 52/0 2 1.5 1.16
0.5 1.32 0.5 2 1.5 1.15
middle 0.55 1.5 0.5 2 1.5 1.39
0.5 1.5 0.5 1.96 1.34 1.3
high 1.08 1.47 51. 2 0.5 1.23
1.11 1.23 1.5 2 0.5 1.19

can be applied for noise control in the environment Journal of Industrial Textiles. 2013;43(1):56-

where simultaneously requires the absorption and 73.

the reduction of sound transmission. 5. Seddeq HS. Factors influencing acoustic

performance of sound absorptive materials.
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