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Acrylonitrile butadiene D R A
styrene(ABS) A AR 220260 106
Polyethylene - _
terephthalate(PETG) e 230~250 1.23
eAl-fill Natural 200~220 1.48
Poly vinyl alcohol(PVA) Natural 180~210 1.25
eCopper Natural 200~220 2.46
Polyamide-Carbon fiber
filled nylon filament(ePA-CF) Natural 2A0~260 L
Polycarbonate(ePC) Natural 235~260 1.12
Colour Change by A Al N
UV(CCD) Hepa w7k 190~220 1.24
eSteel Natural 200~220 2.46
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(3) Mass Spectrometer (MS)
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Systems Corporation, Arcam AB, Arkema SA, Royal DSM NV, ExOne

Company, CRP Group, Envisiontec GmbH, EOS GmbH Electro Optical

CRP Technology Srl,

Arkema Group,

Koninklijke DSM NV,

Systems,

EnvisionTEC GmbH, LPW Technology Ltd., Solidscape Inc., Formlabs Inc.,

Advanc3d Materials, Advanced Powders and Coatings, Cookson Precious

Metals, Exceltec, Toner Plastic, TLC Korea, Taulman 3D, Maker Juice,

ool Utk
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3D Printing Material Market

[O™ 111-6] 3D T&Y A% AIYS] SLH(EXN : Frost & Sullivan, 2017)

4) =4 3D ZHE 24 AF
201849 Sl 3DEAY A4l Az A NS Wit Bulvh S7he)

}

W 4720908 A=gT AFdRs Fead Ao A4 2z Age

BRE F3lstal v 7k, AFHo 2= deE 60.7%, A3 32.3%, 5%

2406 AREIRE B2 A9 LR AL HaaRI T2 A

AeUE A7 S HeH, AnE RS aPeE g ulolA
C ol B9 1 A o190l TR A, B, FEAAE A9 4
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<E llI-2> AXHGEROl [HE 3D BT JIE A

EARE | aAER RS =4 9 gud 34
o Ao BAIAN A
L 5o AE A
e Stereolithography o oy muly wAPA T
AAY | A o del Jrestt el
e Jetted Photopolymer 2 ol
e Ink Jet Printing e 1= 3D Systems Corp.9]
SLAA2=F]

o E, EAzEd, E7
wolE, wd, F% 5

e Selective Laser _
A5 ALE

n A &2k 2~ Sintering(SLS) o e gme Muo] b
— . o L w [e)
suy o wef & | e Direct Metal Laser S me AT Aud =
&A% T Sintering(DMLS) o AHS we b
= . . A=Y T
© * Thre'e Dimensional e = 3D Systems Corp.9
Printing(3DP) SLSA| 2, %OIEDSe] SLS
Al 2~H]
o FWEYE S 7| A
AL 747 wE, oke Zoka
= 3 == Lt A, T =
srelel e N 8, Foluse ARAE
g ES ¢~ | e Fused Deposition . xﬂ77\\“)r7} o 5 A o
e | 82& 7 A | Modeling(FDM) obet W s la v
lﬂ]a& ]& ¢okOo X : : ¥k B E }\]'o 7}’0‘
59, ¢F> & | e Laminated Object o 13 Stratasys Ltd.¢] FDM
g~e A EY Manufacturing(LOM) ' '

. Al2~gl o] 22kl ObjectAH]
e Polyjet Al2~® wl= Helisys
ALl LOMA| ¢

[E4] : 2hKRIEHS T8k 3R ) )=y~ AR 2016, IRS Global]

A 3D ™"l 7 Hol AHRH L = thEA A A= PLA
(Polylactic acid)2} ABS(Acrylonitrile butadiene styrene)°]t}. PLAE <45
A AE S 22 100% A e Ao mNE fojil @EAE
5t E G7kAAd TEA AAlolth ABSE A ol AURUEY e

d

2ES Sjujste] DU R AFARA Y BA AgHE

o

_—

ol
O:

)
o

O
=
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20 ---- 3D ZHO| AHEE= AXYO

opt

354 Az

]

= O Op
F 3 3l

Febagolth dAl AREEAL Qe AEA AAlEE PLA, ABS, Nylon,
Urethane, PLA/ABS, Alloy, PC, PEI, UV Resin ¥ Photo—polymer % ©|

(£ -3). |9 ge Felv] 25 FEsk oksta ABA WAk e &
Aol glol e, Bad 2 T8 53 2e 2AE AL 3 9
Fopog 2% 3D ZAY BPIA FRE GYS AT & glol AU <

A= A7l A7 o FERA A Wiske o A =40l atdth ®
& 3D ZHYo] AMSEHE FEhaE AAle AAEA P 2ole EehaE ]

& ~1,0000) A= BT

<E I1-3> F2 12Xt X

A 3D Z A 57
o oA FDM& o2 714 wo] Algsle A=
PLA o &84 ZHUHE BAHSHA st #o] ofHa zt
AslE e WEE Aoy AlEghe] o Al
o FHAol Eol AEHIAA F9
ABS o AR 71 Wol ALE8t= Al
17k o SFA WA A A7
eS| pvA, HIPS o 2% 23} 0o mol= MEHE TR AS
Polycarbonate, Nylon, | ¢ EW3I=(HDT)7} 100~150TCS! 7| EA=
Polyphenylsulfone 55 Fods
ULTEMPEEKPAEKS | o dWde% 150To)del n4% dxyoelsy A=
Ax|Liols] ZefE Utem 83}
. Polyamide o AR 127} Wol] AFEEE 424
e Multi-color o UM IfE EUE A%
AW UV gz e Photo—polymer |
A HJEY o ujZst ¥ v A
£ g3 o A3l 7hegk AA

[EA4] 1 ARISS 5= DAY (e ) van|=u s A%, 2016, IRS Goball



R A27)%0) delwrt B gEvit 2o thEv] ol 53 9%
Holu B 2aule] A dHEAo] ol & wod £l g5 Es
ol g]7] wiito] Aoj7t o} dAl Wol AMEEHe FE5AANEE HEEY
# (Titanium alloys), YZ(Nickel), <152¥(Inconel), 28I #| 27 (Stainless
steel), &Fu)F, IUE AZ(Cobalt chrome), 78], &, & %o] AUrtHE I
-4).
<H lIl-4> F2 3 A%
e 24 ) 5
- Ti6Al4V, TiAlI6V4 | e Functional prototypes and series parts;
ElEly Tibd
ELI Aerospace, mptor sport etc.
obsn AISi10Mg, AISi12 ° Fun.ctlonz.ﬂ prototyp§5 and series parts;
Engineering, automotive etc.
=227 VS 18 Mar 300/1.2709 ° Injegtlon. moliding series tooling;
Engineering parts
2ed# =7 |~ °H ¢ @ 2~ 7| e Functional prototypes and series parts;
GP1 17-4/1.4542 Engineering and medical
gy 27 | A3A 2®|olg]~ | o Functional prototypes and series parts;
PH1 15-5/1.4540 Engineering and medical
Inconel 718, UNS . . R
s s | iy s | * Pt s nd st s
W.Nr 2.4668 etc P b '
Nickel alloy Inconel 625, . UNS e Functional prototypes and series parts, High
IN625 N08625, ~ AMSS666F, temperature turbine parts etc
W.Nr 24856 etc D b '
IYE 3= CoC‘rMo superalloy, e Functional prototypes and series parts;
UNS R31538, ASTM ) . .
MP1 Engineering, medical, dental
F75 ete.
Cobal;;;r orne CoCrMo superalloy e Dental restorations
CL 80CU(Bronze),
Yellow gold(18 carat),
ETC Silver alloy(go | ¢ At and Jewelry
sterling)

(4] Ahigle]gS Fsh 3DEE)(

HE] ) pen)z=u 2 R 2016, RS Globl
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g 3D ZdHE d4 olmdz Jed Fegal xEE E
S GrtaA 852 AFE3tH(Ragan, 2013). ABS 2 PLA 7]k
= AF Fol AR A% == B nle v (Base
80°Ce w5 &= A A9 nigw ko
7|db Zelagolt), ABSE HHE AdHew
/\}% 7}%’{1 %M W 220°C %9 =& &9} 80°C 59 nfga 2%
A s = o As 7t A o] ti(Weinhoffer, 2012). & €7k 9
3 FHYEE A FE AR (Ragan, 2013)04] Ea] AFEE A= Ak 2 d
a= (PVA), &g 7tHEU0lE (PC) ¥ 14k Eo|€d (HDPE ) 5o] A&

it A8 dEAHolA A7t FA Y] vl (e 170~240°C
=E %) A g AFelA = Foll k=9 Ay }HJ%EW}]_ A&
Ho]FtHContos et al., 1995; Unwin et al, 2012 ). a-2ox ABS g&3) 9]
717 BRES dAsterA S Ajbstaras Rt ojue} vk HHLH 71
3gES Edsle Aoz YERgtHRutkowski and Levin, 1986). ABS9] &
3l AtEe] x=ZHW FAdA FAFEFS W= Ao UEpgtHZitting and
Savolainen, 1980; Schaper et al., 1994).
3D ZHH 2 7]l SEwokE HotetEEA AR 5A4S B
Zol olafed 4 QItHiE IM-8).

M
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<H III-8> 3D ZHTY A JI&EA0 WLE §8§=0k

| 7|& A g8
ABS FDM, SLA HIRIL 2AL | DIY Z=2XE J{d 2Yl Jis 2E 28t M=
Alumide SLS DIY Z=NE 7|5 Zd, 8t H=
Conductive FDM DIy Z2HE 7|z 24
HIPS FDM, SLA DIY Z=NE dt M|z, EXAZ
‘Metal’-Filament | FDM DIy ZZNE A[Ztof|=(visual arts)
Nylon FDM, SLS HE 2 ARl VIS B 9B M ST
PEEK FDM, SLA Ol M|z, Yo HIZE XSA H @S H=E
PET FDM DIY Z=HE 7|5 ZE, 8t X=
PETG FDM Dy ==dE JiE 24 7|5 2 28t iz
PLA FDM, SLS, SLA DIy Z2=ANE J{d 2E 7[5 2 8 M=
PVA FDM e
ULTEM FDM, SLA Ol M|z, Yo HIZE XSA H S H=E
Wood FDM DY ZE2NME Jid 2Yl AlZf o=
Aluminum DMLS, HielH A | 715 24, AS4t & &3 5 M=
Bronze EML_;A.E%FE E = AlZEofls ek M=

Cobalt Chromium | SLS, DVLS NN 1S S (B
DMLS, &Y% HE & -~
Copper 5t SAIE| oA Zx AlZt ol L8 HI=
Inconel DMLS ArsAt & &5 K=
Nickel DMLS, EZHIE & | 22 MZ AsAt & &= M=
_ HIOID] 2Al £2F W= =
Precious Metals 2}@ iE E'Ej o 52?_'% s 24, o HZ, EM
Stainless Steel | DMLS, HiIH A | 7|5 24, S+ AH|, 28t H=
. DMLS, HielH 2AL | 715 22, 37 M|, XSkt & &3 =5
Titanium 2ot y= 25 H=
. FDM, SLA HIIH{ 2AL | 15, o|= H= ol
o ' = o|2 MZX, Uk M=
Ceramics SomiE S5t 2| AlZt ol o7 Mz, et K|
Wax FDM, SLA, X ol M|z, EA
Paper SDL HE 24 A|Z o=
HIRIC] AL 22 H= A
Sandstone ;;1 el S BRI PS
o
SLA Resins SN HE 28 AR} Ol Vs Y, FYE| 3T
PolyJet Resins | K| Mg 24 AlZHollE 2= ME, BA, 3T




28 ---- 3D ZREO| ABElE 210 35 U RS 54 A7

* FDM(Fused Deposition Modeling):

* SLA(Stereolithography)

* SLS(Selective Laser Sintering)

* DMLS(Direct Metal Laser Sintering) : A3 &% do|# a2
* SDL(Seletive Depostion Lamination)

s DI(Do it yourself)

o= B AHH A (Health and Safety Executive, HSE)+= 7|
AE Aotedl ol Hie TAE ATstar AAolA et
A g sk Q) A=s Hrtshr] s Ves A :‘07—?5‘}7] Al ATE A

A3ty HSE+ A4 =29 AR IFEY

¢

1

T

)

o
=

2]y el
sk 7M wE2R A4 OF9 = E XEgdS E—*éﬁ}o} ATHHSE , 2006).
o] AT ArtaA b 2 vk Aol BdEAe »Ed A4S g9l

Sofrhe Abdo] #FEQITE 1980 ] AY Hdkel 9%
B3 A o] 717+ &

29193 SetaE HAFSEA F o489 HY 55 A A= Al
etttk A% 579 AR Qs o Al tid AMYE R 4 55
of Wik HAl B7l= o] FoA A skl 1Eu 1991~2000 F3Fe]
APREAE EAY O A o] A Qdaell A o] F ZFA] Gholl ok Ik Ab

| &t Office for National Statistics, 2009)

T EebaES dubAo® Ay g EE BUEA AgEy b2

A, Qt= %Oﬂxﬂ Bl OVQX]?% e BE HAUHAE x2S SuaEHe
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TollA dirHo® JtgE FeageA BSELD 9 557 ASAE v Ed
tet di7] edEde] AdE F des BT AHSims et al, 1993). A A
g Az stelA ol mlEES AT F dE e A9 gle
W AT A Aol wAsE Fo] A dig dAFe v AT
Aoltt, 28jgt A4+ F st v EHehsE 9 FAo] #HEe] glon
54 oA g e FEolARt ofad®E UE™ Rl ~EEI(ABS)
AN ofZd R HE"Ho] HEH1 YdES 7 @ w w3k e
oty gt 557 AN EF e Ae EEEC] AE=¥thForrest et al,
1995). 28t o] AFE 93 =4 TrEZo] ATE o] glo] o= 5 Zg
AtolEe] W wslea(PAHs)S 22 REEEY 8 3E(semi-volatile
compounds)oltt A ddjs| =9t AEH} e 58 S5 A=A} 2o
54 B B4 dEHA gt B He] A Agtd Wl T%
A FrEell 2HE uFo] A FA A" ARSI 24& dAdn
(Meijster et al., 2004).

d3% FDM %4 3D Zdd 2ol A dvh} 2e ZulqdxE wEs)
=2 Ad3ttHBrent Stephens et al., 2013). ZHAHA|(PM0.1)E A &0

100 nm(herlE, 1 nmi 109)%22] 1 m) ojahel WA=, 7w} Heg o]
¥ 259 b AR ¥EF A4, B9 A 5L otk dw
A4 FDM ZeE FeA7EA 123 oz 37 % 94 AsE
=k 1 A, 29 A3 19002049 2Rz AR, o

NN dAR 29E S} F2E O o o)A ZANE AEAY
o = gh) @ ANE B 9 e ZuAuAY FEe vsd FAG
2eE @ W} wsd FEoldm S A APHA 2L A

rr
N
N
o

2o, EROSE, ZRolE 5 BT

iy [¢}
A sER) o] HAEHHYoon et al, 2015). Zgt2¥ AAE ehdsiA| W



30---- 3D m2IE0| ABEE ATjol B5 U RHST Y

200C7F de= E2 mold Foll 7afdt "EZd AtEo] Yoo wEolth

s 2] Er7taAl 4o e Toll 712 dAF EEHYE A
o1&k 1L(Contos et al., 1995; Unwin et al,, 2013) ABS 932 Ao &
ArECl olaEZyolE™  AFd 9 13-HElC]e] F o} A It ==

Ago|r ZA JgFS mR= Aoz YeEltHZtting and Savolainen, 1980;
Schaper et al., 1994). =3t PTFE(Polytetrafluoroethylene)2#¢] Zgt~g <

s ole) Fol wEEW THER FAEHS SaE o vl
(Oberdorster et al., 2005) 3D &Y 2ol q WA= Zv|AYA7F 7F~H
o 5A4o] Asithe AS &l th(Johnston et al., 2000).

<E IM-9>0 24 10709 Ae4d 3 AHEE9 &84 diAS aokedl
o} AR FAgol oidh 7heFel Awe oh2d 2o o] ZAbe Ao ¢
3 ZAo WES 7AAE] Y3 AoR oE Eo ¢4E7], LB AYH T
S5V vE 7t A 2 F o] HustE = fAe RYEE
AulE AAE 18 e S ditdog Jid o Ry A%
AA ZAHFe FAT 22 AR =2 23T VsAS BET A
o] mUEY A& 7jel ZUH H(personal monitoring)S A A]3}7]o] 0] %]
orol dul i EAYA mAE 7k AZH S wjdste] AT S el §1%d
o HE RUE o= Ad 7eAdol jisith Aty SUkE wEES

Bup-)
12
=
rlr
=
=
‘O,
ko
°
a4
o,
o=
rlr
juiss
40 5
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22 s o= 3L A 2N
[e)le] J—-\__Z]’ (aC) Agﬂ'}ﬂ%‘ o = q:l’j
) . Al &3 9 4= / A4S 7heel LEV 2
1 Polyvinylchloride 180 qEE el E 2 71AA ke
Polyethylene & _ o= AY 25 A/ .
2 polypropylene 180~200 on g4 A 71AA dRkEy)
Polyethylene & o) o] W= Az W
3 recycled 180 Jj&xﬁ =Y xﬂ; - A 71AA durgkr)
polyethylene AFEH /) AT Az
Recycled g, Agow g
4 Dolyethylene W /ANEE A LBV 2 A% A
glolyplropt};lfne, o % EzH o = Al W
polystyrene =5 =S8
Polyethylene = BES AME Y Bl owl et
terephthalate 280 / Az A AR E37]
ANES AF A3 /
6 Acvlonitilebut o0 100 o jﬂg Sl o)u1 517
adiene—styrene o Lxﬂz s X T = Hrer
7  Polyvinylchloride 180~200 =/ =% A% +4 &= ¢ 29
Expanded E2% A4y 9 g9A : v s
PVC/chlorinated A 249 / #4 y 9 A3
9 PVC alloy 180 I Az A 1A B4 8
10 Polyvinylchloride 245 47 / JE A% Aut3l7]

* LEV ! local exhaust ventilation
% PVC : poly vinyl chloride

<E M-9ollA 24 12 HEs AFAkE 98l ost PVC(Poly  vinyl
chloride) 5w AAtet7] #1al PVC Ao ttkdt H7HAlE 3 7tste] HE st
A7 EekrY sltE S Alxste 39E 9 (compounding) ¥goli & 2
2] o & 2@l (Polyethylene, PE) S+ 32|23 @l(Polypropylene, PP)<S 2
s

Jol ALgal7] AgeEs wutoz tEaie Ad 9o Fhew 74

rir
i
1101'

i
5
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3D ZZIE{0f A
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AL PE
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Aestal 47)

=
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AL pp

oL
o

e EUHY 2l ol T 1)

el

Mo

By

g =T 1209 dE71E FAAEReH, 979

3l
S

lel PE W& A%

AHE-E
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SR SERE U ey Y
Aldehyde 37-mm GF/A filter, treated
screen with 24-DNPH 1 HPLC/UV MDHS 93
Aldehyde DNPH-treated silica gel 005 HPLC/UV MDHS 93
screen tube
Hydrogen Sodium carbonate-treated Ton 3
chloride 25-mm filter 2 chromatography IM-OP411
Azodicarbonam Inhalable
- 25-mm GF/A filter, dust-gravimetric. MDHS
ide/ iy 2 : : 14/3 &

) preconditioned Azodicarbonami MDHS 92

inhalable dust de-HPLC/UV
Metal screen 2> 1om GLA 5000 Y XRF MDHS 91
Volatile
orgarnic ATD tube containing

CompOANds  Tenax 0.05 GO/MS OMS-001
screen sorbent

(Tube 1)

VOC screen  ATD tube containing ~
(Tube 2) Chromosorb 106 sorbent 0.05 GO/MS OMS-001
Butadiene éaTrEOg;‘gﬁ containing 0.05 GC/FID OMS-001
VCM and .

- ATD tube containing

1owwfgi°g1§‘§ular Carbograph/Carboxen 1000 0.05 GO/MS OMS-001

hydrocarbons sorbents

VCM (Tube  ATD tube containing Air -

2) Toxics sorbent 0.05 GO/MS OMS-001
ATD tube containing

Acrylonitrile  Tenax/ Spherocarb 0.05 GC/FID OMS-001

sorbents

Semi-volatile 100-mm quartz filter High-volu

screen : me
with polycyclic Eggé{sgt lig ]\;felglve%%g 2>5<iqrr]1)m 200 GC/MS polyléretha

aromatic ne foam
hydrocarbons polyurethane foam plugs sampler

* DNPH : dinitrophenylhydrazine;
* GF/A : glass fiber filters with 1.6 micron particle retention rating;



* FID : flame ionization detector;

* ATD : automated thermal desorption;

* VCM : vinyl chloride monomer;

* VOC : volatile organic compounds;

* HPLC/UV : high—-performance liquid chromatography with ultraviolet detection.

* GC/MS : gas chromatography - mass spectroscopy;

* XRF @ X-ray fluorescence
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<H III-11> 2= T20IM 2SI 2Mg S5 29F (B ErlsT FY)
3T 3R] 35 o]l A B %]
—1d = 1 =1 S H H o 1w
2 A} Hed 2dE49 HUvk % (mg/im)
Vinyl chloride monomer: 0.020 ppm,
1 PVC naphthalene: <1 ng/m’, other PAHs: <1 0.64
ng/m'
Formaldehyde: 3.4 pg/m’, naphthalene: <1
2 PE & PP ng/m’, other PAHs: <1 ng/m’ 0.43
Formaldehyde: 1.7 pg/m’, naphthalene: <1
3 PE ng/m’, other PAHs: <1 ng/m' 0.15
Formaldehyde: 7.2 pg/m’, naphthalene: <1
4 PE, PP, & PS ng/m’, other PAHs: <1 ng/m’ 103
5 PET Napkgthalenei <1 ng/m’, other PAHs: <1 032
ng/m
6 ABS Naphathalenei <1 ng/m’, other PAHs: <1 011
ng/m
7 PVC Naph}thalenei <100 ng/m’, other PAHs: <10 115
ng/m
Formaldehyde: 9 pg/m’, naphthalene: <50
8 EPS ng/m’, other PAHs: <10 ng/m’ 0.21
Formaldehyde: 2 pg/m’, naphthalene: <20
9 PVC alloy ng/m’, other PAHs: <20 ng/m’ 0.10
10 PVC Naphathalenei <60 ng/m’, other PAHs: < 20 017
ng/m
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Z 39 §713FHE(TVOCs), 1,3-FEhtel(1,3-butadiene), H|EF=e}o]|=

X x=m(vinyl chloride monomer), naphthalene, TF2Hak

Sk EF3HE A (polyceyclic
aromatic hydrocarbons, PAHs) ¢ YA E42 w4 &= Z0| AW A (fine

or ultrafine particle), Z12]1 T34 ZF(chromium, Cr), H|A(arsenic, As),
7} =+ (cadmium, Cd), T2l (copper, Cu), 2tE]#(antimony, Sh) &°] 3D x#
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4. 3D ZEE AXY MEEN 24

AEE o i’v‘i—x}%@% L-Lactide;  2,3-Pentanedione;  Silane,
trimethyl- ; Benzoic acid, 2- ; 2-Propenoic acid, tridecyl ester % 20
olFel 7gEdo] AEHAY A dedd=dod s AEneaE
OJEV} 1% AR FPAEAE 7 =91 1EAJEFo| A= L-Lactide
7V 7P = AAL 60%0]4e AA R E. CCU-puple ® CCU-reddl| A]
 AeAEARt AEHATGE M-13).

3D T 2AF Ty &A1 ABS digh JEEA Ay, #EdgdEd

ol ]

=5, ol WA, AAR(EE o] 4A), 2HH, = Fo
3

i 2 1,35-Cycloheptatriene, 7,7-dimethyl-; Benzene,
propyl- ol HEHAT TA80= HdEd=4d 2y ool 7t
7} 50% o], 20%°)ds AAE Al niEA=E A4S Hd 10%E 9A
S UTHE M-14).

71} Aol A+= PETG-black?] 7% g2 = odudl A4 g
do] AEHYr nEAEAEE Dodecanal ; n-Hexadecanoic acid ; Phenol,
24-bis (1,1-dimethylethyl)- &°] A&= Ut PVA-naturalel = dejth =
AR oAELH S =, ofAlE, AN ARELH S| E, WAlo] AEHAL A}
L2 7= 123-Propanetriol, 1-acetate 5°] 7AZ&5 At}
eCopper—naturalol| A= #AZPAEA R oA ELH = 24 wE-4
=, Ve ad ol g, olgZolnl o" Wiz, 2~ o] HEHS]
A2E L-Lactide 5°] A=A} eAl-fill-naturald] A= opAlE, w=g-H
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<E lII-17> Z} 3391 & J|&Q] o8Io| XE &L HE 7'
T4 [EC %+  |[EC TC EU A4 UL %% Sl
Commercial [[EC 60950-1, EC Low Voltage (LV), [UL 60950-1, [For US only
Safety of ITE MC108  [2009/95/EC, Safety of ITE p@pplications, there
[EC 62368-1, 2014/35/EU UL 62368-1, imay be other options
Safety of AV & [Electromagnetic Safety of AV favailable, such as
ICT Equipment Compatibility (EMC), |& ICT UL 775, Graphic
2004/108/EC, [Equipment IArts Equipment
2014/30/EU For US only
[Restriction of the use applications, see US
of certain hazardous OSHA Occupational
substances (RoHS), Safety and HEalth
R011/65/EU Standards, 29 CFR
1910
manufacturing [SO 12100, Safety [SO Machinery (MD), UL Su 2011, [For US only
/ factory floor of Machinery MC199  R006/42/EC IFactory applications, there
EC 60204-1, EC [Electromagnetic IAutomation may be other options
Safety of (TC44 Compatibility (EMC), [Equipment available, such as
IMachinery 2004/108/EC, UL 775, Graphic
2014/30/EU Arts Equipment
Food [EC 60335-2-14, [[EC Low Voltage (LV), [UL 982, Example: 3D Food
Preparation - [Safety of MC61  R009/95/EC, IMotor-Operate [Printers for
Household  [Commercail 2014/35/EU d Household  |household use
Electric Kitchen [Electromagnetic IFood Preparing
Machines Compatibility (EMC), Machines
2004/108/EC,
2014/30/EU
Food IEC 60335-2-64, [IEC Low Voltage (LV), [UL 763, Example: 3D Food
Preparation - [Kitchen Machines [TC61 2009/95/EC, Motor-Operate [Printers used in
Commercial [[EC 60335-2-75, 2014/35/EU d Commercial |pakeries and other
Safety of Machinery (MD), IFood facilities associated
Commercial P006/42/EC [PReparing with the food
Dispensing [Electromagnetic Machines industry
Appliances and Compatihility (EMC),
Vending Machines 2004/108/EC,
2014/30/EU
Medical [IEC 60601 -1, EC Medical Devices IJANSI/AAMI
Medical Electrical [TC62  (MDD), 93/42 EEC; 606011,
[Equipment [Electromagnetic Medical
Compatibility (EMC), [Electrical
2004/108/EC, [Equipment
2014/30/EU
* EU 71415 A (2006 / 42 / EC)dl Wgt ARE B5 CE #x
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Abstract

Title
Study on the types of materials and the characteristics of hazardous agents

used in 3D printers

Objectives

Materials of 3D printer are various plastics such as PLA, ABS and metals,
powder, paper, wood, etc. In the 2018 study, an on-site exposure assessment
were conducted for 3D printing works, but the MSDS was not provided and
the composition of the materials could not be known. Also, it is rare to
study the various ingredients such as these systematically in Korea.
Purchase 3D printing materials that are widely used in the market, and
find out the types of harmful substances that can be exposed through the
component analysis of the materials. By investigating the status of 3D
printing-related companies to identify the exposure scale and suggesting the
necessity of exposure management, we want to contribute to the health

protection of 3D printing—handled workers.

Methods
O To identify the status of 3D printing related companies, we used
domestic 3D printer-related reports and survey data.

e Based on Korean Standard Industry Classification
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% Classification: 29222 Digital Lamination Machine Manufacturing

O A meeting was held with the 3D Printing Research Association to

investigate the material market.
¢ Demand survey shows that Chinese (web: eSUN) accounted for 70
~ 80%. Materials purchase were 22 kinds in 3 types.

O In order to understand the market size of domestic and foreign 3D
printing, 3D printing technology industry status and materials were
surveyed. We searched sites such as 'Pubmed, Google Scholar’ to
1dentify the possible exposure factors for 3D printing.

% Keywords: 3D printing, 3D printing material, Health effects,
exposure, risk, 3D printing guide, etc.

O Plastic component analysis was carried out by cutting the ABS, PLA
filament at intervals of 30 cm, repeated three times and analyzed by
GC-Mass. The incubator temperature of the auto sampler was 200TC
(Max). The analysis of the metal component was performed by
heating at 180~200C for more than 4-6 hours in a hot plate, and
analyzed by ICP-OES.

Results

O The global market for 3D printing in 2017 was $ 734 billion, up 21%
from 2016. It is expected to grow $ 273 billion by 2023.
In 2018, the domestic 3D printing market was 3958 billion won, an
increase of 16.3% compared to 2017. It i1s expected to grow to 1 trillion
won by 2023. 3D printing materials currently account for 60.7% of
filament, 32.3% of resin, and 2.4% of metal in Korea.

O The number of workplaces related to 3D printing work was 351 suppliers
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and 1,324 demand companies by NIPA(National IT Industry Promotion
Agency).

O Volatile organic compounds (VOC) of the 3D printing materials in the
PLA materials, 5~77 control substances were detected in six samples out
of a total of eight samples, 20~25 kinds were detected in the polymer
material. In case of ABS materials, 5~6 kinds of controlled substances
and 15~23 kinds of polymer substances are detected in total 5 samples.
In other materials, 2~8 types are detected as controlled substances, and
15~30 types are detected in polymer materials. In the metal samples,
three kinds of substances such as copper, iron, and aluminum were

detected as controlled substances.

Conclusions

The risk is greatest when styrene is released while printing with ABS
filaments. Ethylbenzene release can increase the risk of respiratory and eye
nritation when printing with PLA and ABS resins. As a result of
component analysis of 3D printed material samples, substances with various
types of carcinogenicity and reproductive toxicity are detected, and 3D
printers used for general use are open to the top, so it 1S necessary to

apply the precautionary principle to control exposure.

Key words : 3D printing materials, Hazard agents
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