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Evaluation of sustainability of mobile phone case and improvement of
electromagnetic shielding by nano particles
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In this paper, the concept of sustainability was applied to mechanical design' and manufacturing of mobile-phone

case. A new evaluation method to find products' good and weak point for sustainability was developed. Two

mobile phones were evaluated using the evaluation tool. As a result, electro-magnetic (EM) wave was considered

as a harmful factor of the products, and improved front panel was made using nano particles that absorb EM
waves. The EM shielding tests revealed that silver nano powders absorbed EM while MWCNT had no effect.
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Table 1. Evaluation of sliding mobile phone

Cycle | E P. Effi. Socia. | Safety | U. A.
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Table 2. Evaluation of foldable mobile phone

Cycle | E P. Effi. Socia. | Safety | U. A.

Premanufactwe A NA R A% A% NSA

Product
Manufacture
Product
Delivery
Product
Use
Refurbishments
& Recycle

ot Table 25 ZU3 dA=Fo oigk A7t 2
& VEbH Aolrh eholA Ajgd W =zt
o] w2 Algglon] ®e Refurnishments &
Recycle & Aurd & ¢ 950, of GdAojA
BHE Yol 142 of 2 ol vlsie] 2 A
sho] AR Hop Mg FAAL EHel=y
Z 9110}.4‘ B 7rel Hlkfﬂ B 2

L

e l-tl
4z (oot e

)
ju]
—
>
=



Aol Arg duud ok xol2 Hol:d of:
b HofjA FAHo® vlws BREE sic)

EE 7olA2 "I} BR

Re-firbishments & Reeycle

e SN Phone

Fohdable Phone

- Premyan facture

Product Delivery Produst Manefactane

Fig. 1 Spider web diagram of life cycle stages

s SHiting Phione

User Acceptanee ~« Foldable Phone

Energy
Presesvation

Eiliciency

Fig. 2 Spider web diagram of six category

W7t Ao vjng By 44 st7] Yol 25
olel ¢ FHelo wjug e o] g3t o] Wya
G AE gAY RS dFo] H4A Lo} B
7 Aok Ao bl Qe A2 AEFQ YHE R
7]3}71‘4 Holg wus) B 4oy Al Hals)
= Holth 99 Fig 12 oA A9 Life Cycle
Stage 2 4o] 7}x= A4Z HFsle] Azjolr
g aeRZoel] yehd 740]‘:} o] ZREE Fisld,
7-?’“’] oA ]*1 o= A® FEFgE v =
2ol 2 4

479

’dlo} 7}2}‘——» g Histo] 2atolt] Y o
| stolek Sl vimel 2 A sk
a4 4744 o e

247 54

A

4

HTER
14 5oz
?8@ Zﬂ?;% ELTL‘OH dol &
2 A EE. HA Life Cycle Stage®
Refurnishments & Recycle © Aol A 2}
53] sated ol E4o) Al ed o
Z Aolart AlE: F Y8 2 Ao] s}y
: zhole}. 67k 2] 7} %‘vz-
2} *}51 H Rz o

£ "}Tﬂ E’-;&E “}}oﬂ A4 FdA e °3"] ZH
2] AFEgo] o]tz 0}‘3}:— Z oA Cycle ¥
F el HF AL} wors, A}EA
Sociality BFol A BR AT E3E
3] Sociality BFo} A H7h RFA L o H
Z Aol lojad AtEH oz o]}
o] FAE Aolx SddX F o] v
7} wjiely},

ol
A

=33
2

4. IIE 3 M - Improving Sociality

4.1. M Algtel £ &

St [yt 238 B2 o 7}21
A7) B o dzlgh B Aol
o]z2ol A5AHT Ao U= Soc1ahty
Ag A A A2 abdcl @4 *}QSI
WEe Z¢ Wz Azt o] ot XHEE
ZstAY oflH PCB7|® bAoA ARbst ZI’J:HE‘
AlEdba YA 98 Aolxg FAsle Setxyg
o) AF JFREAe FHstn Aok Wt F
WE Alo) o] ALalA B4t dokd £ o)
7t ol F ol 7] wiol X& e AL % A
A FA2 datg AHE A3 FOE Aolxg
A N PAE AFsAAct

4.2 $EE FHojA Mg 74

421 Adxst a £ @ Aw A%
AEAY AFe] FolEAA P& Ax7)
o F& HAste] Amol Yo dvjere) W)
5 as E7E Yees Au8ez S B
= Poh FolEoiAel Aad wESFe Fulg
BAT AN ojgatel FoEe]

ated 27170 T 100mG)FH A 7] AH0 T 100kV/m), 2

Ya viejz 3}(mW/cm?> Wolol st} 2vzr =1
S, trlFe WA A% ou, AHE
Au), 2l -35} VA9 uislel ZAsrAT)

2 QAT 71E d=E ABS TeirEE o)



A7) fal dea Ane 134 49 gz =4
?-"é%ﬂ 7t w2 ASE WEshe], Ao A
Mol Mol g2 WE ohA wo) disle] S &
2k A E S A A v 39 t(Silver Nano
Powder, SNP)&} c©}Fd EAULFB(Multi Wall
Carbon Nano Tube, MWCNT)E o} &-35to] & slgd

o} o] ABe AHgEL ojgdle] L A
oﬂ;‘z’—/\l &I‘Z}OH Z;"Z—'L 30V0‘%—' u7]'}‘"’é— 1 7}; 12
0C9) ZxolA 3083 F3AA AlHE AZsS
.
42.2. AAsE FE A W AR A
us 0 Orlginal
D No case
- 8 SNP case
\QMWCNT case |

Bock upper  Bac
pest

erpast  Lett gide Right sids

Fig 3. Radio/Microwave ficld at in calling

as

B Originat

B No case

B SNP case

O MWCNT case

Front lower
patt part

] Fron) upper Back upper  Back lower past  Left side right sige

Fig 4. Radio/Mircowave field at Out Calling

Mz Azt Alde ARy Abw A %
71 skl 47173, 2717, violazsbel H71A]
s EH3ATH. 53 g 7)]E YJEE ﬂl
olx7t gl AL, Aoz e VE @
il SNP 30vol% 9 Aol HEH
MWCNT 30vol% 2] Al¥o] Hgd M=Z, Ol%‘-ﬂl
yl 7hAel Aol gt 5333k

Fig3 3 Fig 4% <Al Falgh Axu2 745
T AE vpelaR e diojelE aYE e Yebhd A
olct. 54 ZHE 8 2 A 27 T8 A8

o
o=

/\
B
l c

2 HAAS A8 F ¥ U 390 23 A
A3t 25 E4ol 7 ol thste] FEYE /)
H4HE poln Uee & 4 Ak

480

o

Powder, SNP)2 Al el &} 7}

)
7t

Bl
b

7
o

hl

o]

KX
=

\_
=2
=

Bl
ell

AP ER 8o A&7t S AAS &
Z Aeoj2o AAE A v 32 r(Silver Nano

sjdch

o]

5. 48

B AFolME A&7 EAoleE AR
W Ak A Aol wre }71

9] /H =
2 BYE 7 ?’WL‘} w3, A Fol

[ =

T E Ao)29
ota) Wl 2= qlolch
ol AA M HwA
2 7hA 4 Rﬂfxﬂ %
A3 AR 2 A
2o ASE AR
53}&1 srebg o
& Aol & Akl
%E}ﬂ MER Aol YAl
A7RA AR A

° ot

MO, = o
lu
4o

L o
g
o

£
2 -
)
_\{
M
tlo

rx
ol
Ly
]
2

f
o
K

tlo

E
32 o
R

&) Br213h A
el AFAEY 34

=

23 % A5E AFE A

o HEF Aol Al

1

=y},

2.

i)

=
g

[

. United Nations Environment Programme, UNEP's 7%

International  High-Level  Seminar Cleaner
Production(CP-7), http://www.uneptie.org/pc/cp7/, 2003
Ishii,

Recycling: Overview of Research in United States”,

on

Kosuke "Design  for Environmemt and

Invited Presentation, CIRP Sth International Seminar
Life 17. 1998,
Stockholm, Sweden.

on Cycle Design, September

. UNEP, "Sustainable consumption - A global status

report”, 2002

71,13 1:4 o]%i Q.= 3}

; -0

x] S



