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) - Electromagnetic Compatibility (EMC)
- Electromagnetic Interference (EMI)
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A -Without Air Space
4 - Shielding Effectiveness (SE)

h
<

)5 oy g Cublagy asliling

1RV lgy /) oylaids /A sl


https://jhsw.tums.ac.ir/article-1-5806-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

Bh
<

)15 iag) g Cublagy asllnd

WV )ley /1 a)ledds /A slo

algs guabBeag)yis)) slapw (Iblas ¢ilsayl 3 $)EsLw Jsloc WG w)p

o g Q
1 M

5 ¥ O
97 & v ©"
NSO > ™ 60

%b

¥
'\,'e '\;é '\fe

%
%
©
o

Sl

N
o
(3o ,0) (gible> idw il (Sl

axdlas Q)j.a Lglb)’““"

oSl (ol il 53 anlllan 5550 41¥93 § ST G o (SBLas (ShSe T (aSSko ) ylog0d

Sy & Cund ugmme g azg BB alS
o il aslie )0 gaog0 ol sl ouls Y ST
OleSy Cualies o a¥ss 5 SO oy bl
3 a5 Gl AT @ I o0 g,y G 3 D ¢
Slas bl i e e P el
orlio £ ggeze j0 a5 2-N2-N4 ) 4¥ 4o
ol 5l 58S ae e YAAY (o) cuwlbs
o () Jloged) wil o BBl &Y 5 e
Cwlbrs (ilpl Loy lis isw cpl bl e
WY SO by bl paZ il Sl
Sl a8l oS Y g sl o LI o8l
3 il oSl Bl sl Sl
g+ YEIFF iy 4 09,5 pl AY S slo
Glp Ol cpl &S Jb o 00g oo + B/FF
Qo SYIVY o =FIVY iy Y g0 e ,en

iblis sl LS Glej e il gl
(V) o)lods Jloges o 4iS a5 job lan

09,5 90 lp I, bl isuil (WSSle

el g5050 (nl ae GiZu (nl gl Al iz
w0gyS ol Ve o 0 Culrs e oS
il Sl )3 (cwgmine g paie A
Colrs Goli8l b asT > ol alilas b e ol
WY S le ey Sl eSSl Dl
00 do,s VA 5+ YY/AA (S 5 409,
b aY 50 gl pe sl Sl oyl & Jb o

B W AT B FARRSW I

oley Gae b Y0 5 ST (slo e iz ] il
4adsy £F L)/
oaalice (V) o,leds loges ;o a5 job len
Bl (il 05 g G 0gh (o0
5 PEIVY iy w098 nl yo a¥ge sl
§2-N2-N4 slo ;s 4y 3laie a5 Cowol o0 OF/Y
Al oo Gy o Vo g P Cwls L 2-N4-N6
3098 ol la (bl isu il anslis
Sl 3 5 Gt Colid 232 L ol ol
s o opl je (Bli> pasu Sl Yo

e Ceadle 5 (LAl ST ol ol 4 St Cdle addllas (pl - Y
omebliieg uSUIl (gl Bl i3l ialS Sl oLy jskiie 4
il


https://jhsw.tums.ac.ir/article-1-5806-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

plp e cblas glp Lols iuliél o)l

S5 5L Gl s Sl oolitul b (gl slags
Cadgame &8, gl e Gl cpl po sl Gialidlas g,
9 6oy 1Y SO bliseg mSIl slo s sl
Al o adlllas (pl )0 000 eoolatul Y wx b
(ooblinng i8Il Vg0 j (ogh SSle el B
o wls wibe g lisle gl e S J
z DS gloy Sae g la Y (09 i
B e 50 aYes Slo s (Bla> i )l
pll Oldlas ol lis s (ygine g DS
bogo ueblieg iUl Glo s ogas )3 0
o 0l 1 Y S5 (sl b dglie 55 Y i
el Olllas ¢ Lo ol ol Jlo 65 1 65
JSoaeST ©lydgl g cwS gl 5l oolaiwl L as
il sl asby Y wm b e 4y @
G Syl jlas L8 olllas 5 s o ol
[eyyS SBLIL l36b 5l aioges oolaw! yius oylgae
Aa,S (YY) S, S (YY) oo uobline 31,5
(\ PISTECICINACEEIN PRI JRWRCL A pISWETEIE
b lsie 4 e ol 4L 5 (FO),8 L)
sle Covgase 51 (S el ol iaing 00 S ool

Sgy axfllas (] J0 0> 50

Ao 1339 —630)g (5)a0 (I ~(5)aes (5338 sanl —x3lga (e

Gohabun Sl 50 0l wilo Y50 5 SO sl e
Sae Gl L daslllas ol jo 000 o lis WSOl
o5 5 Bl s il (e Siles BOST oLsj
L oS (6 psb & il al5Hl aY 53 5 5 (sl
Y Sl o WS Gl Goe il
QIAY jlase a5 Culbrs iy @y oidu il .Sk
Sade 4 Y 90 sl ;0 9 2o 3 VYT 5 4/T0
Joged) S8l il 38l as s YY/YY o VF/FY LYY/ Q
cel YS! Gl e molidl cul 5 oegdle ()
siblis 25l s s Bl polie tals
2 cplaazrg L) Jaaz) ol 4Y g0 sl e
S5y laasli 5l (S jlre Sl el le
ax ools ke job 4y s oo ylid a5 Cul
sals cpl b wijls alols lawgie lade 5l lade
el 4y bools ols lad ¢jlaxe Byl polas
ol 4l gals b ] SaSly g oead 1S
Sol Casd @ 55 Y ST 6l s 3,90 0 adly oy
o alyl L3 ola S e ol i o mlbs as
a2 o Hlas (V) ojleds jloges pl 5 ogdle (YY)
st Gl rge LIS ooy e il
Ll ool |8 cll> 4 Cad Y90 5 ST sl
35 08 453 5l s i i1 s (i o0 U

Lol Y S5 sl s

(W25 9 J2 (0 o 32) (Sl (golun il 53 aalllan 5550 1Y 99 (6L oo (LBl ity il (2Silao N Jgur

(w0,3) (23 il (eSile (J (s9) Jlore S0l (b oo) (25 (e Sks Y55 s ol
FY/YO V/YY Y/£8 1-N2-N4
FO/F0 V/YY Y/ 1-N2-N6
f1/a9 <IAY YIYS 1-N4-N6
FEIVE Py FIVY 2-N2-N4
#YI-Y AN £IY 2-N2-N6
OF/Y- At AR 2-N4-N6

B
>

)5 oy g Cublagy asliling

1RV lgy /) oylaids /A sl


https://jhsw.tums.ac.ir/article-1-5806-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

h
0

)15 iag) g Cublagy asllnd

WV )ley /1 a)ledds /A slo

algs guabBeag)yis)) slapw (Iblas ¢ilsayl 3 $)EsLw Jsloc WG w)p

odu Sl polie Sllug all coge Cudly
Joaz g loge) 005 18 clb @ cand by
S a5 gl a¥es o e yo (Jb nl L LI
Ol oo 0 aids £F b o] o LM b
LY Sl 5l g S bl i)l
Oy addllas oS cl Jb> o ol 0 bls
oley S Ll as ol sl JBawy
STy Sae el Pl o alydgl LM
sl polie Gl 5 Gl o b o]
3 (Toss oo Y S gl e Sbla>
;o ol bl Glidies Ll o a5 (J,90
33 Sl ogad ;0 Az (pl ol ey
Gl A¥e0 Ko Ohle a4 el s 4 Y
bl iz sl gl gl pa ble Y
Sldlas o cwl S5 oL Wog 5 @S
o Pyas 0 &S hagh o LS alis
) og adlas cpl 0 09250 sl Coogae
5 eam ol Jlia! cde 8L gl aslsl o
205 coliwl b e si5u Sl peslSe (5,95
il ggeme 1 JS Gbli> Lasu Sl lade
0 Slee sl LulSal (punslSe aw ol Ll o
il alS 4 i pols Lyl 4 asly
zoe Sloe sl Wl jo (FY)ags sble
4 95y abid jo g by ol 5l el
wloel (Siwsnl S§ L»L)A?m Oogy (39,0
z5o 5l o o Az j0 4T 050 (0 azlge
@J&MﬁuT)‘MsaMwy ‘b)lﬁ

s sibe a¥es S adlas cnl e
Sl gy ebliing iUl 4Y 5 gl s
e ey b gy p o )] sbli> i
ooy e elal ) aY g3 s 098 g0
Gy sido Sl alie o5 ags (LS
aS cpl bools (lis 09,5 90 2 0 a4V 5 ST
Y SO g 4 Cas Y g0 sl
s Bl Wog ey n 65 e Swlrs
NP S 6nS iz e oa b ol (bl
alio ;o gadge (pl 0p Y ST la
Sl b aYss lopw blis 25
e A S e Ol CwelRs je Y S
[T PSR P SPER SR
@ p9d 9 Jsl 09,5 10 e (e 7 4Y90 la
Culs 5l 5 oS asy VWA o YVIOA 5 )5
Hoged)aiog a4Y SO b, jo 0 bl
Sl Lyls o aes e olis el ol Q)
Seie e (5l Y9 ¢ asdllas cpl 3 39290
bl il pall cage Sall g o5
LA sl gl 5l golawi cwy ol o
195« (Voo V) oK g o8 Slallas alos
(Ve F) oL 5 plote « (YY) ol an
ol phles 5 90 5 (V-10) glilSen 5 Gl
ol> adlas ;0 04350 sla adl M 5 ol
o5 aYee b (LB sla gl 5l golass o
Wil il g bl isgl de il
AFA-YF Y- Vel
sl ol adlllae oyl 4o (K00 dzgs bl asss
c>go 4B FF a4 LS| ey e il as
S slo s Sbla> piSu 5l S0k il
Gode polde gals i w2005 Ve o
LYW loy Sawe ioldl ols lias Lees Byl


https://jhsw.tums.ac.ir/article-1-5806-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

 SorSdl o wad solgs ws 513
g, ol sl als adel Jlake < /YPA 4
S5 G s (nl )0 3585 Bes vy (oo Ll
SiblS A e ol [0 4T sog ] Cwlbks
RO ISV PN T PP |
ol plis asllae (pl mls oz oo
3 Py Jeloe 5l (o a¥es laew Culs
ol 009 o o] sbla>  _isu Sl ol s
owlBl L as ol aigs 4 cll by LiSu il
s Bl Sl ol e e pl o Cwls
oley Lpgs 09,5 aV¥oo lapw jo cils
5 e LB Cwlks (aids £F LS
G5 a4 culy bpw asuil o 6l caals
oeiles e ol jo Cllbs goli8l L as 6l
Sl o Ko Ojle 4 il yralS iy il
Hogad) Laudls e oblis  oidu il caisS
pll Oldlhas slass ggog0 S35 Jdo 4 ()
GY SO e e 4 S Y 90 CueelSgl
Sldllae ole ol jo il oo 5 05 Sl
WSlsy gadge pl 4 aS wl cdl Sl alis
og oad plwl 4¥gs oy sbla> iy )il
O oY e, o Gk OY culbs
b s Gl (Blam (asu il 5o S Jolo plgse
Y Yoare 44Y g0 glo W3l o .l oy ol
aY olye bpgs Y 5 ek Y plsie b !

V¥ - Matching Layer

Ao 1339 —630)g (5)a0 (I ~(5)aes (5338 sanl —x3lga (e

4 oylo bl Lwau odls 3,ly Zge 00,8
R3Ol ey o SR Som s
5 Sl s base cwloel (Kiwsnl i
9099 0,15 L Joe (nl g 090 (oo Jla]
sl oasay ol 4 (FF) aisl o slasl wpauis
5985 3ot 3l o et 51 ansS e s
o wily o Jlgie glo el il 5 oS
ool 1y U5 sbles i S sl o0
90 ey jo wwy oyl 4 (FYaes
V3085 Gee il dallas pl 0 Sgmge aY
ool o o] sbla> _isu il el Coge
L b o IPPA L = 4 (oSl o Sads
YO YY) Wb oo rals 093 adgl Jlade %YV
e bl Lidu il pebs sy (FY
aalem b g AAFA L ol edblieg 2SI
bl isu il asg b oplple (FF) oy
)‘d.n.a cdxdllas L)"‘ )9 Og>ge d.:Yp 6[.2).\.»)
Gy 51 5 i By 3l awd (pl 3585 Ges
sl LolSal oldl b oanusles g oo Y SO
ol cbli> asu il pall coge o Jlge
daslio 005 Y S slryw L alie o b
PP e as Ay 99 ‘_gl.m).s...q o led O‘S‘"“
Cewd A aY 0 e, Gl ol piSu)il
3 b lineg xSl o obla> _adu 1L (0,6
Jouz) wles (oo (pB9y G 5l G 1) E909e
Gy a5 285 axnd Glg e plple O
adlbs 550 Jlgh (nl ;3 AT ez oo Yo

) -Skin Depth
- By 1 _
'y _SE(+dB) =20log E 20log 0368 8.683

{54
°

)5 oy g Cublagy asliling

1RV lgy /) oylaids /A sl


https://jhsw.tums.ac.ir/article-1-5806-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

>4

)15 iag) g Cublagy asllnd

WV )ley /1 a)ledds /A slo

algs guabBeag)yis)) slapw (Iblas ¢ilsayl 3 $)EsLw Jsloc WG w)p

G5 Ao

S sl Bl i 5l dlie b
O ol lis asdllas (pl 0 3990 Vg0 g a0
Vs (gl s bili> ey 31 e Ly i L
Y S slo s GBlis cisul 5 e
ar STl 5 nS iy elS s asly s
2 ] 93 oy BT lej Bt il
bz oo Ll s S a5 S5 sl g5 50 0
I 5 o8 w50 slo s blis il (Sl
o WS ey Do i385 09 Y ST glo s
Obey e (Rl iz o Al i el el
B s ol 0wl lid Vs glo s jo LIS
cdly ials oblas s il calis il L
Sy 5l oolainl dslllas (b jo awoy o Hlad 4
OBl A e a¥es Gl ad 0 i o0
ol ol 0 5 gt slo Bl 5 395 e
0 a0 (slo s o Bli> s il S i
coanl la magh 0 00,8 e olgaioy il
Bl iz il sse ogas ;o Sl e

D55 Ojgo i o Y0 Sl ys

Ao, Kl gidn 5l ad )3 ol el

Slen Ay (p Al (o oyt Can i o8
ooy ¢ gl 48 > il o oBisle;] aclus
o5 gy 5 uyde Cuny o8 iy WSOl Al
r el b aS e pal g sl g Ol ple
G135 ol JLoS eidg05 (551 g3 (ol G

Al oo Jas o

Slallas o (Yo-1F)o5d o 00y pb T3>
Jol Y o eolaiw! 0,50 Cals )], Ken g o
2 5 I Jelge plare 4 (Gek 4Y)
Al 505 Y g sl Qi sbles oo
Gl il polie yiSlas oUT adllae o
YN YIN YA sl cwlbes o cud a4V g0
YVl Cawd 4 e e VIV

3 b S ol Gl G a5 ek ples
Jole Cald piie ipgd 095 a¥9d (o p
aws ol jo gblas iy 3l saS aal
L 3585 Gee a5 (pl 4 azg b ooy by
0 ol ombliie o pdidsh slaytal )l
oSe ably o (S UL, g S S
Ole oo mliple (FA) (¥ 5 ¥ SVolee) o)lo
S 0 Cwlbs lpl &S Cd 5 A
89S <ol « G“M.IaL.u Srddgai polie a4¥go
by 2l 5o 1) Sl Qb 5 Sl
3985 G MIBl carge Coled yo a5 sls ialS
odds Wy cpl o sbli> i il casdd o
LFALFF YY) el

1

a=off (+(@) -2 o
§== )

cipa Foaieew o 8 bul o

2 ESR) (oeblie 6ndided ¢ Ddx cu e

Uloy « e p o)1) G Sl (60 el ¢ (e

o= wslasly Sy (e mien ) S S
Bl (oo S9ii Boce g

V¢ - Absorber Layer


https://jhsw.tums.ac.ir/article-1-5806-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

REFERENCES
Dehghani A, Ranjbarian M, Mohammadi A,
Soleimanzade M, Ahangar Ad. Radiation Safety
Awareness Amongst Staff And Patients In The
Hos-pitals. International Journal Of Occupational
Hygiene. 2014;6(3):114-9.
Hazrati S, Sadeghi H, Amani M, Alizadeh B,
Fakhimi H, Rahimzadeh S. Assessment Of Gamma
Dose Rate In Indoor Environments In Selected
Districts Of Ardabil Province, Northwestern Iran.
International Journal Of Occupational Hygiene.
2010;2(1):42-5.
Majidi F, Abedi K, Pirsaraei SRA. Occupational
Exposure to Infrared Radiation in Aluminum and
Cast-Iron Foundries in Zanjan, Iran. International
Journal of Occupational Hygiene 2011;3(1):33-7.
MADIJIDI F. Application of a Model to Evaluate
Infrared Exposure Limits in Aluminum Foundries
Based on Threshold Temperature in the Range
of 770-1400 nm. International Journal of
Occupational Hygiene 2015. 2015;7(1):17-21.
Golmohammadi R, Ebrahimi H, Fallahi M,
Soltanzadeh A, Mousavi SS. An investigation of
Extremely Low Frequency (ELF) Electromagnetic
field emitted by common Laptops. Journal of
Health and Safety at Work. 2014;4(1):11-20.
Zaroushani V, Khavanin A, Jonidi Jafari A,
Mortazavi SB. A New Microwave Shield
Preparation for Super High Frequency Range:
Occupational Approach to Radiation Protection.
Journal of Research in Health Sciences.
2016;4(16):206-11.
zaroushani v, Khavanin A, Mortazavi S, Jonidi
Jafari A, Moeini M, Javadzadeh M. The Role of
a New Electromagnetic Shielding in Reducing
the Microwave Radiation (A Case Study for the
X-Band Frequencies). Iran Occupational Health
Journal.12(5):90-9 [Persian].
Zaroushani. V, Khavanin. A, Jafari. AJ, Mortazavi.

SB, Khajenasiri. F. Investigation of factors

SUBgl) 1339 —3L)lg (5380 (e ~(S)hes (53338 sanl —aileh ¢l

10.

11.

12.

14.

15.

17.

influencing the efficacy of electromagnetic
shielding in X band frequency rang. Journal of
Health and Safety at Work 2017;6(4).

Qiu G, Wang Q, Nie M. Polypyrrole-Fe304
Magnetic Nanocomposite Prepared by Ultrasonic
Irradiation.  Macromolecular ~ Materials  and
Engineering. 2006;291(1):68-74.

Qing Y, Zhou W, Luo F, Zhu D. Epoxy-silicone
filled with multi-walled carbon nanotubes and
carbonyl iron particles as a microwave absorber.
Carbon. 2010;48(14):4074-80.

Qing Y, Min D, Zhou Y, Luo F, Zhou W. Graphene
nanosheet- and flake carbonyl iron particle-filled
epoxy-silicone composites as thin-thickness and
wide-bandwidth microwave absorber. CARBON.
2015;86:98-107.

Sunny V, Kurian P, Mohanan P, Joy PA,
Anantharaman MR. A flexible microwave absorber
based on nickel ferrite nanocomposite. Journal of

Alloys and Compounds. 2010;489(1):297-303.

. Bayat M, Yang H, Ko FK, Michelson D, Mei

A. Electromagnetic interference  shielding
effectiveness of  hybrid multifunctional
Fe304/carbon nanofiber composite. Polymer.
2014;55(3):936-43.

Aphesteguy JC, Damiani A, DiGiovanni D, Jacobo
SE. Microwave-absorbing characteristics of epoxy
resin composites containing nanoparticles of
NiZn- and NiCuZn-ferrites. Physica B: Condensed
Matter. 2009;404(18):2713-6.

Lee C-C, Cheng Y-Y, Chang HY, Dong-Hwang C.
Synthesis and electromagnetic wave absorption
property of Ni—Ag alloy nanoparticles. Journal of
Alloys and Compounds. 2009(480):674-80.

.Shen G, Xu M, Xu Z. Double-layer microwave

absorber based on ferrite and short carbon fiber
composites. Materials Chemistry and Physics.
2007;105:268-72.

Qiao M, Zhang C, Jia H. Synthesis and absorbing

1 g bl Glod [
9 Cunlag as =

)5 S

1RV lgy /) oylaids /A sl


https://jhsw.tums.ac.ir/article-1-5806-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

| g Cublagy asliling %

)15

WV )ley /1 a)ledds /A slo

20.

21.

22.

23.

24.

25.

algs guabBeag)yis)) slapw (Iblas ¢ilsayl 3 $)EsLw Jsloc WG w)p

mechanism of two-layer microwave absorbers
containing flocs-like nano-BaZn1.5C00.5Fe16027
and carbonyl
Physics. 2012;135:604-9.

. Meshram MR, Agrawal NK, Sinha B, Misra PS.

iron. Materials Chemistry and

Characterization of M-type barium hexagonal
ferrite-based wide band microwave absorber.
Journal of Magnetism and Magnetic Materials.
2004;271:207-14.

. Das S, Nayak GC, Sahu SK, Routray PC, Roy AK,
Baskey H. Microwave absorption properties of
double-layer composites using CoZn/NiZn/MnZn-
ferrite and titanium dioxide. Journal of Magnetism
and Magnetic Materials. 2015;377:111-6.

Hou C, Li T, Zhao T, Zhang W, Cheng Y.
Electromagnetic wave absorbing properties of
carbon nanotubes doped rare metal/pure carbon
nanotubes double-layer
Materials and Design. 2011(10):1016-22.

polymer composites.
Liu Y, Liu X, Wang X. Double-layer microwave
absorber based on CoFe204 ferrite and carbonyl
iron composites. Journal of Alloys and Compounds.
2014;584:249-53.

Meng W, Yuping D, Shunhua L, Xiaogang L,
Zhijiang J. Absorption properties of carbonyl-iron/
carbon black double-layer microwave absorbers.
Journal of Magnetism and Magnetic Materials.
2009;321(20): 3442-6.

Zaroushani V, Khavanin A, Mortazavi SB,
Jnonidi Jafari A. Improvement of electromagnetic
shielding effectiveness for radar frequencies
using dispersion factor. Iran Occupational Health
Journal. 2016;13(1):1-10.

Zaroushani V, Khavanin A, Mortazavi SB,
Jonidi Jafari A. Efficacy of Net Epoxy Resin for
Electromagnetic Shielding in X-Band Frequency
Range. Health Scope. 2016;5(3):1-7.

Zaroushani V, Khavanin A, Jonidi Jafari A,
Mortazavi SB, Khajenasiri F. Investigation of
factors influencing the efficacy of electromagnetic

shielding in X band frequency range. Journal of

26.

27.

28.

29.

30.

31.

32.

33.

34.

Health and Safety at Work. 2016;6(4):1-16.
Billmeyer FW. Textbook of Polymer Science.
second ed: John Wiley and Sons; 1971.

Khastgira NC, Dasa D, Chakia TK, Chakrabortyb
A.  Electromagnetic interference  shielding
effectiveness of carbon black and carbon fibre
filled EVA and NR based composites. Composites:
Part A 2000; 31:1069-81.

Hemming LH. shielding theory. In: Shaw L,
editor. Architectural Electromagnetic Shielding
Handbook-A Design and Specification Guide-. New
York: The Institute of Electrical and Electronics
Engineers(IEEE); 1992. p. 13-34.

Wang Y, lJing X

Intrinsically conducting

polymers  for electromagnetic interference
shielding. Polymers for Advanced Technologies.
2005;16(4):344-51.

Bonaldi RR, Siores E, Shah T. Characterization of
electromagnetic shielding fabrics obtained from
carbon nanotube composite coatings. Synthetic
Metals. 2014;187:1- 8.

Wu J, Ye Z, Ge H, Chen J, Liu W, Liu Z. Modified
carbon fiber/magnetic graphene/epoxy composites
effect for

with  synergistic electromagnetic

interference shielding over broad frequency
band. Journal of colloid and interface science.
2017;506:217-26.

Jani RK, Patra MK, Saini L, Shukla A, Singh CP,
Vadera SR. Tuning of Microwave Absorption
Properties and Electromagnetic Interference (EMI)
Shielding Effectiveness of Nanosize Conducting
Black-Silicone Rubber Composites over 8-18 GHz.
Progress in Electromagnetics Research M. 2017;58.
Wang Y, Luo F, Zhou W, Zhu D. Dielectric and
electromagnetic wave absorbing properties of TiC/
epoxy composites in the GHz range. Ceramics
International. 2014;40(7, Part B):10749-54.

Das S, Sahu S, Oraon R, Routray P, Baskey H,
Nayak G. Reduced-graphene-oxide-and-strontium-
titanate-based double-layered composite: an

efficient microwave-absorbing material. Bulletin


https://jhsw.tums.ac.ir/article-1-5806-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

35.

36.

37.

38.

39.

40.

of Materials Science. 2017;40(2):301-6.

Zhang J, Xiao P, Zhou W, Hong W, Luo H.
Preparation and microwave absorbing properties
of carbon fibers/epoxy composites with grid
structure. Journal of Materials Science: Materials
in Electronics. 2015;26(2):651-8.

Shen G, Xu M, Xu Z. Double-layer microwave
absorber based on ferrite and short carbon fiber
composites. Materials Chemistry and Physics.
2007;105(2a€3):268-72.

Qiao M, Zhang C, Jia H. Synthesis and absorbing
mechanism of two-layer microwave absorbers
containing flocs-like nano-BaZn1.5C00.5Fe16027
and carbonyl iron. Materials Chemistry and
Physics. 2012;135(2a€3):604-9.

Meshram MR, Agrawal NK, Sinha B, Misra PS.
Characterization of M-type barium hexagonal
ferrite-based wide band microwave absorber.
Journal of Magnetism and Magnetic Materials.
2004;271(23):207-14.

Chung DDL. Electromagnetic interference
shielding effectiveness of carbon materials.
Carbon. 2001;39(2): 279-85.

Huo J, Wang L, Yu H. Polymeric nanocomposites
for electromagnetic wave absorption. Journal of
materials science. 2009;44(15):3917-27.

SUBgl) 1339 —3L)lg (5380 (e ~(S)hes (53338 sanl —aileh ¢l

41.

42.

43.

44.

45.
46.

47.

48.

Geetha S, Satheesh Kumar K, Rao CRK, Vijayan
M, Trivedi D. EMI shielding: Methods and
materials—A review. Journal of applied polymer
science. 2009;112(4):2073-86.

Zhang CS, Ni QQ, Fu SY, Kurashiki K.
Electromagnetic interference shielding effect
of nanocomposites with carbon nanotube and
shape memory polymer. Composites Science and
Technology. 2007;67(14):2973-80.

Al-Saleh MH, Sundararaj U. Electromagnetic
interference shielding mechanisms of CNT/
polymer composites. CARBON. 2009;47:1738-46.
Cheldavi A. Design and manufacture of
electromagnetic shielding. Tehran: Iran University
of Sciences and Technology [persian]; 2013.
Carver GW. Electromagnetic Wave Propagation.
Al-Saleh MH, Sundararaj U. X-band EMI shielding
mechanisms and shielding effectiveness of high
structure carbon black/polypropylene composites.
Journal Of Physics D: Applied Physics. 2013;46:1-7.
Bellucci S, Micciulla F. Nanostructured Polimer
Coatings for Electronic Circuit Protection. Rivista
Italiana di Compositi ¢ Nanotecnolgie. 2012;7(1).
Mohammadi S. electromagnetic wave propagation.
Electromagnetic-2. Tehran: Payam noor university;
2011[Persian]. p. 47-106.

19 Cuiblagy aslibos = &
9 Cuwixgd -

)5 S

1RV lgy /) oylaids /A sl


https://jhsw.tums.ac.ir/article-1-5806-en.html

[ Downloaded from jhsw.tums.ac.ir on 2025-12-15]

Journal of Health and Safety at Work Vol. 8; No. 1; Spring 2018

Investigation on the effect of structural factors on shielding

effectiveness in double-layer electromagnetic shields
Ali Khavanin', Ahmad Jonidi Jafari*’, Ali Safari Variani’, Vida Zaroushani>®*

! Associate Professor, Department of Occupational Health Engineering, School of Medical Sciences, Tarbiat Modares University,
Tehran, Iran

2 Professor, Department of Environmental Health Engineering, School of Public Health, Iran University of Medical Sciences,
Tehran, Iran

3 Research Center for Environmental Health Technology, Iran University of Medical Sciences, Tehran, Iran

* Associate Professor, Department of Occupational Health Engineering, Faculty of Health, Qazvin University of Medical Sciences,
Qazvin, Iran

3 Assistant Professor, Department of Occupational Health Engineering, Faculty of Health, Qazvin University of Medical Sciences,
Qazvin, Iran

¢ Social Determinants of Health Research Center, Qazvin University of Medical Sciences, Qazvin, Iran

Abstract

Introduction: Nowadays, demand for protection against radar radiation using electromagnetic shielding is on
the rise. Double-layer or multilayer shielding were devised in order to improve the single layer electromagnetic
shielding properties. In this study, we tried to prepare a new double-layers electromagnetic shield and
investigate the effect of structural factors such as thickness, similarity in layers and mixing time on the shielding
effectiveness for double-layers shields.

Material and Method: This study used the Resin Epoxy EI-403 and Nickel Oxide nanoparticles to prepare
single layer shields by casting method (with two different mixing time: 10 and 66 min) in 2, 4 and 6 mm
thicknesses and 7 wt% Nickel oxide nanoparticles. Then, in order to prepare double-layers shields, single-layer
shields were placed on each other without air space. Scattering parameters were measured by a Vector Network
Analyzer (V.N.A) and shielding effectiveness were calculated in X-band radar frequency range.

Result: The highest and the lowest averages of shielding effectiveness in single layer shields were 84.14% and
46.05%, respectively. These values were 66.34% and 41.99 %, in double layers electromagnetic shields. The
averages of shielding effectiveness values in the double-layers shields (with 10 min in mixing time) in 6, 8 and
10 mm in thickness were 41.99%, 45.45% and 43.25%, respectively. These values in 66 min in mixing time,
increased to 54.30%, 62.07% and 66.34%, respectively.

Conclusion: In this study, the shielding effectiveness in double-layers were less than single layer electromagnetic
shields. Although the increase in mixing time improved the shielding effectiveness of both single and double
layer shields, it could not increase the shielding effectiveness in double layer shields in comparison with single
layer. Also, the increase in mixing time in double-layer shields showed that shielding effectiveness decreased
with increasing thickness in these shields. Also, it was seen that using a similar single-layer shield in the
structural of a double-layer shield led to an increase in skin depth and multi reflections .It finally reduced the
shielding efficiency in double layer. It is suggested that in the future, other studies be conduct to improve the
shielding effectiveness in these electromagnetic shields.

Key words: Single Layer Electromagnetic Shield, Double Layer Electromagnetic Shield, Radar Radiation,
Shielding Effectiveness
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