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Abstract

Molybdenum is used in electrical contacts, industrial motors, and transportation
materials due to its remarkable ability to resist heat and corrosion. It is also used
to flame coat other metals. This study investigated, the thermal characteristics of the
molybdenum sputtered material, such as electrical conductivity, and stealth effects on
infrared thermal imaging cameras. To this end, molybdenum sputtered samples were
prepared by varying the density of the base sample and the type of base materials
used. Thereafter, the produced samples were evaluated for their surface state, electrical
conductivity, electromagnetic field characteristics, thermal characteristics, stealth effect
on infrared thermal imaging cameras, and moisture characteristics. As a result of
infrared thermal imaging, the molybdenum layer was directed towards the outside air,
and when the sample was a film, it demonstrated a greater stealth effect than the
fabric. When the molybdenum layer was directed to the outside air, all of the
molybdenum sputtering-treated samples exhibited a lower surface temperature than the
“untreated sample.” In addition, as a result of confirming electrical properties following
the molybdenum sputtering treatment, it was determined that the film exhibited better
electrical conductivity than the fabric. All samples that were subjected to molybdenum
sputtering exhibited significantly reduced electromagnetic and IR transmission. As a
result, the stealth effect on infrared thermal imaging cameras is considered to be a
better way of interpreting heat transfer than infrared transmission. These results are
expected to have future applications in high-performance smartwear, military uniforms,
and medical wear.

Keywords: molybdenum(E2/E E), heat transfer(FFE), sputtering(XIFHEZ), IR
camera(Z L) ZFEIEp, electrical conductivity(F17] =)

I. Introduction
23] B 8l(Molybdenum, Moy &4 2 U4)4 So] Zati, #7] ¥4, A8
Copyright©2022, The Costume Culture Association. All rights reserved.
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52 3ty F95te HE AREY. TRt &
dio] E4o = Qs SeBd Aok, F5h, AR &
o, vfo] @ B oL x| A|AH], AA A Fof et ok
st A7} Ath(Ashida, Arashiba, Nakajima, &
Nishibayashi, 2019; Castro et al., 2017; Cheng et al.,
2018; Han et al., 2018; Hou et al., 2019; Rana et al.,
2020; Raza, Mebarek-Oudina, & Chamkha, 2019;
Sangwan et al., 2018; Zang et al., 2019). AP A0
A, ZYBEE 7|9 A7) SHi= BHAT pH ol
A e BAEek g ol ghulgt pr 7]k S
2 gAY AU FRE BFET Yrky AYse
T}(Hua, Sun, Xu, & Wang, 2020).

E3 AWEHY Ve & ARl A9 §lo] 28
71& S AAFZ0|1, SAEF R A 55
= =2 5 Qltke AS AYL Qlo] A¥ETES
g-g35to] A7|1A=A, Fota 4, AUtE HAEY,
TE BUETE St AN, S5 HiEY, dE S
E, 23 55 A7 AE7E Bol Uth(Bae, Yang,
& Choi, 2013; Dehghan, Shi, Woodrum, Brewer, &
Sacks, 1994; Depla, Segers, Leroy, Hove, & Parys,
2011; Green, Gruen, Schreiner, & Lerner, 1974; Han,
2021; Hao et al., 2019; He et al., 2019; Jones, Camino,
Teer, & Jiang, 1998; Lai, Tsai, Hung, & Feng, 2014;
Ma et al.,, 2020; Pastel & Rawal, 2016; Qi et al.,
2002; Shahidi & Ghoranneviss, 2015; Shi, Woodrum,
Dehghan, Brewer, & Sacks, 1992; Su, Peng, & Lee,
2010; Wu et al., 2019; Yuan, Wei, Chen, & Xu, 2015).
APATN AL F4 Ae HE2 Bgdte] £
A gaky pdete] gt A9 7143 IR £ 5
3, B4 B4 55 AT 2, 55 5 W3] 97
£ I 284 avE AN, AE AH
ut AdA G371 HISFETHH. R. Han, 2019).

ERF APAFNA Tt T/ AIRE(PET
fabric, nylon fabric, laminated PET fabric, nylon
blended wool fabric, cotton fabric, silk fabric)2 4174
Sto] AFulE AHEY A2 & AHA GNE 4
HESI. I Ad} vAE] Ag&et AHEY ARt
2] ol o] Ao tigt Labs ST 2}, AE
ZF Zo7F 31.0~90.4 AEE FA Ve, AHA §
= JSoteh THHE HRFE ARSI A E(PET,

2¥, gehlE, o4 AR 5ol AHeET Eat the
2B

g 89

nylon, laminated PET, silk)o] AH|o]Z d-8-(nylon
blended wool, cotton)ZS AFR3SH AEHT} thh U
HEAHZLEE HYe, ol H77t iEdsE 45
tl AHEY Fo] #UsHA ERxE o], dX¥do] H
S W2y GEFHO=E o|TojHA, 2YAI}L £
Aoz BEELY Stk 1eln F7) Ane Y
IdFoE Fo] AYddE MELA Zd(nylon layer-Al
layer- nylon layer)?] 3%o= 249 a7-& Hol|x &
orchy AakeitHH. R. Han, 2019).

2, o AP Aol A= W-doped VO,(M)= ¥
A& 9o ZYst] AFA HEHS AR5 T
2, AR e W2 A BA FEE YEY
1, 4 A AEA F5Z HoFtHMao et al,

43} Al e RI1EaT) 717] F7HE Chor
Roj@A o], MEYA F)lH 34 2ne X2
24, 948 94 So et BAle] EopL it
(Chen, Yang, & Lee, 2021; H. Han, 2019; Im & Ko,
2017; Jeong et al., 2018; Kang & Kwon, 2021). £3]
TAF Hopofl A= AL oM ZHHlEte] A |
W7t e R F840] tiFEL vk ES ¢
5712 Axe s ot #HE S7k6kL AL
ot 223 He Ve 2Rl HEAR A7 SH
Holl wt H7] Ay S gt A7 A&H o
& 37FhL Qe Ao 54 A¥ET A A+
of digt ¢l SiE At

oA & AFoME BET AEo] SYEd &
He g A2 & 329 ¥}, A7 HeE, AR} 2k
45, IR B3 A5, 24 Faby 7hd|etol| nx]=
2EA 75, FEEAY 52 AT olE Hsh
He {20 £2E 22519 T (nylon, PET, cotton,
silk), D%, 7|5 HIo] ©hE 54 Wt 55 A B
71 915 NylonZ EE, A&, TAH, TAF 282 o
gelud AHEY Helg AASe] AT 1
23 AT AUE Fo) Ak AvtE U9, TE, 1CT
Bob %l oz A Hg ol 5L 1A Hokh

Il. Experiment

1. Materials
H ofLo]] ARE-H base fabric Nylon(film, fabric,
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meshl, mesh2), PET fabric, cotton fabric, silk fabric
ojtt. AlmE9] £/ (Table 1)It Zth.

Base fabrico] o7 EF|Hdl AWEY XA
(Table 2)2} Zrt}. Sputter coater(SRN120, SORONA,
Korea)7|7|2 &2 Hdl AuE o] s wf, Ax
Y Aas Y32For, A5 19.5emo]dth. &
Hely 3y EASk= (Fig. DI} Zh

2. Characterization

HHEAQ 7P (surface characteristics), FAFHAA}
& u]7(Scanning Electron Microscope, Hitachi, S-4800,
Japan)Z AMg-Sto] AWEY AL #H HEHE T
Shich E9E HHo ZEjHdlo] & IYEUEA &
olsl7] 93] EDS(EDS Oxford instruments, UK)2}
FE-SEM(Field Emission Scanning Electron Microscope,
Jeol, JSM 7401F, Japan)T= &85}t

123 7] HEA(electrical conductivity) Digital
multimeter(Bluetooth Digital Multimeter, OWON D35T,

<Table 1> Characterization of base fabrics

Fujian Lilliput Optoelectronics Technology Co., Ltd.
China)& AR&5to] 2WE|PA 2] AFo] #H A<
7ok

ESE AAbat 2HH Ad5(blocking of electromagnetic
waves)< Electromagnetic field tester(Smart EM
checker FEC-001, FTlab, Korea & China)g &-&5}0]
Zejud AnEg Ho] o5 st £t =S
245

<Table 2> Sputtering condition

Time (minute) 10
Temperature Room temperature
Process pressure 6m torr
Gas Ar 40 sccm
Power DC 500W
Machine SRN-120

Base materials | Nylon film |Nylon fabric [Nylon meshl|Nylon mesh2| PET fabric |Cotton fabric| Silk fabric
Sample thickness | o7 0.15 0.09 0.15 0.06 0.15 0.14
(mm)
Film Plain Plain mesh | Plain mesh Plain Twill
= 5 W [ — T G ATARRGTRT
Weave type = : : "' . ! EREEE | NN
R R
3 1% W 5 b i ELE =8 \:'\u\‘
S =t | LBE Il -"‘ s W = 1\@2‘“ X

&
®
g ’\ § |71L;"‘«_"::P\"'IA @

CATHODE SPUTTERING TARGET ©
1]

4

<Fig. 1> Schematicization of the sputtering process
Reprinted from ALCA technology. (2019). https://www.alcatechnology.com
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IR 23452 IR intensity tester(infrared emitting
diodes, S5mm Infrared LED, T-1 3/4 IR333-A,
EVERLIGHT, Taiwan)Z AR5t AA|a1ic}. A}
HE IR ZEE 200W/m?o] 1, 8 IR wavelength
+ 940nmo]| it}

12]31 EAEA(thermal characteristics)< IR
Thermographic camera(Flir i7)E 28391, & A
oMY ZhH|Eto] digt A"®A aiet LAB S42
Image ] T2 133} Colorinspector 3DE &-251H .
E3] L*, a*, b* ZF2 Image J, Colorinspector 3D 4
zEgolg AHgsto] A A WstE BASAL,
Z45 dolElo|A AL Aa, Ab, AES A4S
AL, Aa, Ab, AEE= T3 W78 AE AHESHo] A4t
%ith(Habekost, 2013; H. R. Han, 2019).

AL= Liyeatea ™ Luntreated (Eq. 1)
A= Uyyeqped — Cuntreated (Eq. 2)
Ab=byeared — Duntreated (Eq. 3)
AE=V(AL?+(Aa)+(Ab)? (Eq. 4)

Each parameter in Eqs. (1)-(4) are defined below.
Luntrearea: Value L of untreated sample

Lieaea: Value L of sputtered sample

Gunireated: Value a of the untreated sample

Aneaed: Value a of the sputtered sample

bunreatea: Value b of the untreated sample

bunireatea: Value b of the sputtered sample

(Eq. DollAE= ATER A9 L oA A=
A 2 Ao L’ - A AWEY Mo E <l
gt U Y ¥skE HojEth CIELAB A37to] A
LY #7719 A=E YEH, (Eq. 2)= ATH
B 7Hgo] M2 ‘@’ ko] HIE ANEHY Ywo
oA A=A 42 dd 2’F HjA HojgEoh
CIELAB MZ 7oA ‘a’= A5l =g e,
(Eq. 3)2 AHE A9 b FrolA A=A &
AL 3t b E wiA Augo] gt gt HskE Ko
£t} CIELAB A Z71oA b= =it} mhehag o]
AEE Uepdich 83 (Eq. 4)9] ‘E’= CIELAB A
B7ke] AE 7F AR ZpolQl At AtolE Bt Zlo|th.

g 91

AFgte] 24stoct

., Results and Discussions

1. Surface and Add-on characteristics

Y54 ANEY AYE A= RHAHE &
213}7] 93} Scanning Electron Microscope &3S A
o

A5t chFig. 2). SEMO.& 20,0008 EFfste] Am
HokS |, Base fabrico]l Aglo] HA Y Al5= &
Hol wjEgt Aof| vls} AWET A2 Algs EH
EF|Hdlo] A4H A BIT 4= Ut} TS EDS
Aol A FRIE 4= %ol EY B AWEHT A
S U A59] B ZEEd Edo] A&H A
< =R SIS 4= SISt EDS A, EFjEd
o] 78.63Wt% AZE At o]QoE= C(11.76Wt%), O
(8.94Wt%)7t A& A+=1l, o= EDS AMA] ®lo]
E2Ed 3& £ So7F ULE S/ AEFI
2o g worEch Cu(0.67Wi%)7h A% HAE A
2 EDS &Y< {lol AHES EHolA HEE A
Tt OE AgdtolN T 34 AHEHT
% FE-SEM %92 olH u|Hg] A|RolA= &
T QA9 Fo] XY PA4E AL HET 5
THH. R. Han, 2019).

E28d AWETY A AF A59] FA(g) 73
Z¥1} Add-on ratio(%) AL Ail= (Fig. 3)T Zth
H AEZ AYsty AAHoR EEd AFE
Ae & FA7F 3.3~26.7mg F= F7I6ich HAE
o FA7F 100mg AT A2 AHER A F S
Zup7h Als ZHO] o 53 Fo] W A EHol
ZQl Ao 2 Azt ojo] et W AEQ] AHEY
g & Add-on ratio FHE TFO|UA(-23.3%)E e}
Wit

13

o

\

b2

i 2 o
50 1o

2. Electrical conductivity

=PEd AvE Y A HEY 2 AFS A7)
HAEE BH7lE Digital multimeter® %35t A1}, &
HEd AMEY UAE B2 AFEol 0228
B, o A ARES et Fig. 4). 1Y
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Base materials

P

Untreated
(X20000)

Molybdenum
sputtered
(X20000)

c
L{I
l;;lglll

Element W1t%

Mo L Series

11.76

8.94

Cu 0.67

Mo  78.63
Total: 100 s

Nylon film L Nylon fabric

C K Series

(b)

Nylon mesh1

. Total spectrum of maps.

|I|I|t|l|l_|I|IEI|l|l|||l[|!l|

O K Series Cu L Series

<Fig. 2> Surface characteristics of specimens
(a) SEM images before and after molybdenum sputtering treatment
(b) EDS data of molybdenum sputtered nylon film

SEER R EEPEEE
Q(over load) A9 AF G
YR et ol Ben
= 1 7 A% H9IAte] ol olnth o
oA, AR7H B o] el Aeslo] ekt
Ao g mddEn. &, BF9 4 olFo] §lo] &

(tlast Ewiolold Belndl AneY H4 o
A BESo] CxFEtE 2To] glo] AR T
sk, 420 49 A9 BAY 59 Bol &

HEY Fo] Arkelo] AR B4 ok Ao A
29t} geb Beud AHEY Ha H2o] 47

A=Y 22 B BT oL %

S57] fsiA=
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<Fig. 3> Changes in weight and Add-on untreated and Mo sputtered samples

Over
load
/"
60.0
Conductivity (k)
40.0
20.0
0.0
é@b &@b
& F
N OHQ
&
u Nylon film = Nylon fabric
PET fabric I Cotton fabric

TR

o

¥ Silk fabric

Cotton fabric
PET fabric
Nylon mesh 2
Nylon mesh 1

Nylon fabric
Nylon film

: Nylon mesh 1
% Silk fabric

= Nylon mesh 2

<Fig. 4> Electrical conductivity of untreated and Mo sputtered samples

AR AMEY A2E AAIsoF
Ao AlmErh

3. Blocking of electromagnetic waves
Axt A GTE 24T A3, Beud Axd
ANEE AR Skl #32 o AAPHEMF) gk
o] A FAFTh(Fig. 5). & AFolA AHEH AR
% EMF gfo] 7MY W& Alae AHEY Ad 4
Ao 2 EMF 2 0VimJeh A3 dte] 4L,

OI

oA 2Rl A SRt ARt A £49(23.7V/m)
< YeR Itk A= ]T_ ¥ MER AT A &
U= zzq@ o, #]AE] &2 49 EMF o] 2-121
Vim ZAaA T AHEY A2d M2 49 237~
190.0V/m Ak A¥E T A2 & 7P Axpw 3¢
@ 877} WokE AJ&+E Nylon mesh 22, o]& A&
Ato] 71 Z717F 27] WEOo & HdE T} Nylon I
=, Nylon meshl, Nylon mesh 25 H| 23] R3S u,
22 UdEolof:, AHEY AF F EMF 9 ¥
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250.0
216.7

200.0

176.0
161.3

150.0
EMF(V/m)

100.0

50.0

0.0
Nylon film

Nylon fabric  Nylonmesh 1 Nylonmesh 2  PET fabric

196.0

141.3
99.3
25.7 13 237
. 0.0
Cotton fabric Silk fabric

B Untreated w Mo sputtered

<Fig. 5> Blocking of electromagnetic waves

Sz 71% Atelz7F S7teell whek EMF gho] S7tof
ATk UeE 952 7150l fletl, SEd AnE
& A2 & EMF %ol 26.7V/mo] Wby, A E
#2]% Nylon meshl 29.3V/m, 7|&=7]7} Nylon
mesh 12t} & AHEFY XZH Nylon mesh 2=
107.0V/m& rehfich

4, Transmittance of IR(%)

oA A, ESEd AHEY AT AR A¢

100.0
50.0

Nylon film  Nylon
fabric

93.8
86.2
20.0
70.0 62.2
60.0
Transmittance of 50.0 46.5
IR(%)

40.0
30.0
20.0
10.0 6> 18

i e o

Nylon Nylon  PET fabric Cotton  Silk fabric
meshl mesh2 fabric

A B3 54 2= (Fig. )3 2 mjx2] Alw9
IR £E3-22 A|§ BT 47.3~942%F YEoL, &
gBdl AdEHg AYE Pt dole Feol
1.9~65.1%= AASHA ZAastnt. o= EdEd &
HEH Fo] R F4E At 202 wohE
IR £3% A4, & |t ANEHY FL A
HH g 39 UFE R T & 9% A 4=
Ao g Uehyth o= FA I3 7ivEtR &9
I IR FEgo] HtEA] 543 FFdE HolA| Y=

94.2

65.1 66.1
56.7

47.3

11.3

5.9
- W B

W Untreated o Mo sputtered

<Fig. 6> Transmittance of IR according to the samples
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the A2 ¥HESIETHIL R, Han, 2019). G ), Fwat 900 AR G Fo] Aol
A ERA o] uEo] Holk muE
5. Infrared thermographic camera stealth function Bk AdgAoA 217] 20T QA Ao Al 1,000W
based on heat transfer 2 2258 =9t dFu|E AHEHYSH A|FE 0|83}
Base fabric A|29] &5, 2HE Y o] E 2 of Ao FaM} FFstde woll, &5 3ol 7E
X dsHt i Er olu|A= 7] % 20T, & 3Fel u, base A& FF(nylon, cotton, silk, PET,
24%0f| A AA|etH T AlEe} £0] LAE o] Q1S o, nylon belended wool, laminated PET fabric)o] w2}
A Q) FoM 7H|e} Z olv A= (Fig. )3 ot 7 Aol 27 UEHETHH. R. Han, 2019).
=P8 AMEY F Hol JAAESHHE FE 2 Ao = APAFL} niRt7EA &2 base fabric
ole BHZE7F &0 7Pk 255 B 182 F5ol et o7 o E B2H 25 Btk APA+
g E7Hd A¥EY Fo] &5 FY fol= 29 AY & AFoM= ZHHE HRE ARRE A&
A G37F Holx gt} 3 & Wyl ETEd AT (nylon, PET, silk)o] AE|O]E d-f(cotton)E A8t
Bl A 3 73R Alm R EFEd Fo] 9E AZHT tha B2 B EE HthFig. 8). ol+=
Nylon film Nylon fabric | Nylon mesh1 [ Nylon mesh2 | PET fabric | Cotton fabric | Silk fablic

$FLIR 33.6°C $FLIR 34.1°C

Untreated

28.5C emn 30.6°C $FLIR 32.5°C

Mo phase up

S$FLIR 33.4°C orun 35.1°¢

Mo phase down

344 3471 333

&

30.0 28.5]

Temperature (°C) 20.0

150 [
100 W
50 M=
6.0 =
Nylon  Nylon
film fabric

$FLIR 35.8°C

S22

$FLIR 33.8°C

22224

enm 34.6°¢

33.6 341
- k)

Nylon
meshl

$FLIR 34,7°C $FLIR 34.3°C $FLIR 34.5°C

0run 30.8°C SFLIR 33.4°C $FLIR 31.2°C

SFLIR 34,0°C eruR 34.3%

35.9
Al 33_93“_-7 34.6 342

34.1 34.233_434.3 343

PET
fabric

Silk
fabric

Cotton
fabric

Nylon
mesh2

m Untreated Mo phaseup O Mo phase down

<Fig. 8> Surface temperature for different base samples (Distance between hand and sample: Omm)
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AR7F WiEdaE S Ed AvET Fo] #UsHA
LxEo], Yol B HET GEHO =T o]Fo]
AA, 2FAQITE £ A0 8 WAFEITHH. R. Han,
A EY AYEH UIdE AlgY 4
%, 2WEY Fo] Y715 FE 9 film> fabric>
mesh1> mesh2 A2 FHL2E7F 37 yebdh U
Q2 BZo] Y WS LT e olRE 713o)
Q7] whol Zejmul Fo] Eolif meshic B&
S A EFElA @ Aol B Sad Ao
AE

WO A HAIRE AL FIPF omAE EHE F
FAQ MY WIS BESH] 9Iof Image ] ZE 1
3} Colorinspector 3DE &-85}0] Lab & 49| &
QFT(Table 3), AL Aa, Ab, AE S AASHTH
(Table 4). 18] @]7]19] L, a, b 3+ Z+Z} L: 29, a:
56, b: 5622 LElITH

71 A3}, mAE] A&7} Mo phase down 2E2] 4
9 L oa b gol MEA A Uehge ol
(Table 4)2] AL Aa, Ab, AES B 8H1E 2= 9]
T} Mo phase down®] AL, Aa, Ab, AE Atfgto]
Mo phase upEth @4 ZA Y= A & 5+ 3

2eud AnEY 49 AR D4 4T 4714 B4 Bt AT

R T

o [e]
A AL

ol4, v]A2] Alzete] Ffol7h SEREL
o E3F Mo phase up2] ¢, AE gkl 10.6~109.32
2 =74 Y &4 g37} Mo phase downX®. ok &
Aoz yehgth I8 AHR AEY AE @&
(101.8, 63.3)2 HA49(42.1, 10.6)2] AE ZHET} T
A ey an} o e Ao ek
Z1of| v EFBEE Fo] 975 FL wofl= mlA
2] A&l W3 =5 Yetdl= Lite] 733 A o
A Uehute 202 HEEHSA ol Al #H
Z&7) dol AiA o= g7t A YEh= AL
B AbrEnh B3 = e UEl= a 3o
3% =2 EY So] Y& FD A4S ol HAA

Z 9 =4 43t

6. Water contact angle

zelud Ane Ae) AR FEAL AnE
A3t (Fig. 99 2k 1 A7k AR Nylon
mesh2E AlQloty EjEdl AHEY AR Qs
AE7p0] o} A7 4.1~02° FE Ak 2 Hol
2 Holx] otk (Table 104 & 2 J%o], Nylon
mesh2= THE A5l Hl3) Yt A3t A Aol /1%
Wao] Yold Zend 2w Hel A 2ugo]

<Table 3> L, a, b value of untreated and Mo sputtered samples

Untreated Mo phase up Mo phase down

L a b L a b L a b

Nylon film 82 3 73 9 -4 -8 75 20 77

Nylon fabric 69 33 73 53 60 18 78 14 79
Nylon meshl 76 17 78 66 38 67 85 -1 75
Nylon mesh2 87 -5 62 71 19 71 79 10 78
PET fabric 81 10 78 47 63 -2 80 11 77

Cotton fabric 71 27 73 68 37 71 82 9 77
Silk fabric 76 11 75 59 45 57 82 6 78
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<Table 4> AL, Aa, Ab, AE

2

97

values from IR thermal imaging

Mo layer direction and Mo phase up Mo phase down
AL, Aa, Ab
AL Aa Ab AE AL Aa Ab AE
Sample type
Nylon film -73 -7 -81 109.3 -7 17 4 18.8
Nylon fabric -16 27 -55 63.3 9 -19 6 21.9
Nylon meshl -10 21 -11 25.7 9 -18 -3 20.3
Nylon mesh2 -16 24 9 30.2 -8 15 16 233
PET fabric -34 53 -80 101.8 -1 1 -1 1.7
Cotton fabric -3 10 -2 10.6 11 -18 4 21.5
Silk fabric -17 34 -18 42.1 6 -5 3 8.4
120.0
1034957 1002
100.0
80.0
574 57.2
Water contact angle () 60.0 s
40.0
20.0
0.0 0.0 00 0.0
0.0
Nylon film Nylon fabric  Nylon Nylon PET fabric Cotton Silk fabric
meshl mesh2 fabric
mUntreated [ Mo sputtered
<Fig. 9> Water contact angle of untreated and Mo sputtered samples
whes] vnelA § grhow olEste] Mol @ W B4, W74, A4 ADEY, R £} 54,
AoHA adhs Ao wotEch Wit 439 39, Aol Fopt gt gt A" V), E4 &
AY A5 HE FY5HA 022 F4-&°] £4 UEt 3, TEEA 5 AFsidith EFEd AvEYS
ot ol E8Ed ATWEF Zo| QY gFobA A E 23t base fabric®.Z Nylon film, Nylin fabric, Nylon
9] AYAL o]F E& WX go} 11 EOog Eo| A meshl, Nylon mesh2, PET fabric, Cotton fabric, Silk
Al Aow FEEth G Beludl 502 o8le  fabric NS F Beud AnEY Helsto] 29
20| H2A o]Fste AoRE wohHEnt A G 7het &, A 2% #s 5& A5t
1, 494 23 E4ute Ange TSt
IV. Conclusions SEM &9 23}, Egjud AHER A2 & EH
Eelug Ui 3d9l0] 94E 2L AT 5 U
2 AdFolA= EFEd AnEEY AP ZEY # ok X3 EDS 23, E2|Hdlo] 78.63Wt% AEE U



t}. o] Qo C(11.76Wt%), O(8.94Wt%) So] A&

S, ol EDS AMgA] Hlo] Eelud 3¢ BT
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