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1. HFHEE

A AR T B2 FHho] 0474 He 7Hd A (virtual reality, VD), #d o], <l
A & (artificial intelligence, AD), 9 %<t AFE 2B Yl(Internet of things) 5
gAd 7es 83 Abgol Ur‘*o] HAska o, f-Els #A o] A £
ob7ba vt 42k AP BAIN = AR BE-uds Hojrta /loew, 3D =
H AP % 2% sivtolrt. o] 3D ZHE Abgo] Hto dd AL oyt ofF 4
WAl 1981d dE 3 ule FZuhvH(Hideo Kodama) ¥rAFe] 3D Z @ E o] w3t 0}01
tojol HuME Az B & don 1984d vz Frgm F29
(Charles W. HulDe] #7433 FA& &8st AFS /Adstiar Aded A A=

Sk o] % 1988 ml=r WU AEFO =3 AR E(S. Scott Crump)s= AU E 95
of AU &4 HEEd, FFA(glue gun) S AHEEY] Y95 14 HHAAES I
oAl Boli WA odTE olFe] oEYd &8 4S5 Ay (Fused Deposition
Modeling, FDM) #212] Al zx7} H Aol A, 2018). SDEZHE 7} A3 H AL A
SO ZHE 30d Holgta & 4 9o 3D ZHE s 539 dAg B2A 79l
2042 A Ade A vlEo] Wo] =& Aol diFsted A”EC] HULE I
A2k FDM o] 9]o SLA(Stereo Lithography Apparatus), SLS(Selective Laser
Sintering) #°FollA 100¢] 719 E37F wtadd ug, 254Y 3D ZdE GA A
71 ol 2xol= Al ZHA WA Ao R Tt Al &S o] FolA FDME
3D ZdE ®Ao] i WAHT AHT BRE oyl ALEs7] &oldti WA=
FobA A 3DZYH O Auto] s AT A= de AFSHI 9
3D ZdY AgAE AL A 20179 % Vo R ZI9A v 30270, FARAE 1,893
v, 28l ﬂﬂéﬁﬂe 3469912 20154 olF &2 A&HH o= AFAgsta gtk E3 3D
iz & “lﬂl‘i‘:ﬂ 3?141 Aar Z2-F-a-tigtae] 3D ZdY A 2~F)
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= m/AH dFel 163%, AEA/2A/FE Foprt 112% = UEE A, A=sgE
Aol 9622062 AA eI Qo WHE 2AS 627%, NN 186% wo= A%

st glth(e] &, 2018).

<E 1>2 201663 201739 = 3DZHY AA o] thEk AlEE A AT EES ekl
Aotk =y Az B FF HE&ES HEo] A9 flo] HolAwh WA A Az &
2ol 46% FT7tetn e S B o Hak gdiEa gl
FEAGE Hu AR 2 A7k FEhsE Rl BEplETE 201619 = oF 85914,
2017l = oF 10191 e ® of 19% dAstsion, B4std Zeb2Eel #2016
wol ok 103919, 2017dRel & oF 1350190 oF 319% AdaA. o2 2 w Arha
4 EFegQl et EES AF8-8t= FDM W4 £ FFF(Fused Filament Fabrication)
I FAs HxS AREske SLAA o] Wol AREHAL S-S ¢ 7 Adnt
<HE 1> = 3D 8T LXHXE HSE A2
(ets] + wote)
2ot 243
& =5 J| et S ulE(%)
mee | ey | aw
=LY 1,554 20 743 6 40 2,363 79.1
;ﬂ TE 535 0 88 0 0 623 20.9 11.0
2016 - A 2,089 20 831 6 40 2,986 | 100.0
= 8,504 2,844 10,265 | 1,347 | 1,112 | 24,071 - 89.0
A 10,593 2,864 11,096 | 1,353 | 1,152 | 27,057 -1 100.0
=LY 2,169 20 1,522 26 60 3,797 79.6
;ﬂ TE 810 0 165 0 0 975 20.4 14.6
2017 A 2,979 20 1,687 26 60 4,772 1 100.0
= 10,124 3,554 11,822 | 1,960 546 | 28,006 - 85.4
A 13,103 3,574 13,509 | 1,986 606 | 32,778 -1 100.0
oz | EEH 39.6 0.0 104.8 | 333.3 50.0 60.7 -
(%) = TE 51.4 0.0 87.5 0 0.0 56.5 -
Al 42.6 0.0 103.0 | 333.3 50.0 59.8 -
¥ Wt Bolng 88 95 2d WANM Ol S0 9B & U g AjcHd ae
YNBA|
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2014 2016 2018 2020 2022

=2|: Wohlers Associates, 2017
(3D =Y Ak ae] 2 EBFRA B 2018191%)
[O81] S2& 3D T8T AIYRZE X TY (2014-20224)
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‘go}u Frafl =4l 100 nmolake] 2w Al J=ke} HAPsoll thd Ry o] id o
(Stephens %, 2013; Kim %, 2015, Deng %, 2016; Azimi %, 2016; ¥ %, 2018)
AEAow FaHa glom Zhzhe] Z4do] gk fFaldS AL oy ==7]
< gith e, 3D ZHE ZEAAE A" FY YR Qlste] Al ofd
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NeolA Qe vk ol @A) DZAY AelA F wol Agae WA F
stz Adsta AgerldE golstn, WTHE 39 FHe AT dE §5

9 (FDM) #4elth of FDM W0 03 A& Yol sbsstn, Ao
Mol we 714 AF Fol s A4

& o

248 ABS(Acrylonitrile Butadiene Styrene)o] 1t dukele] 7
e 21 Z 2] R Ak(Polylactic Acid, PLA)S 2 AF&3A 9 60T ©]
o] wigol A4 F Adgo=m Ad@FNAE wol AMEEA =
o

ABSE= Agait gl elain, Mgl $oael 457

A

fe

olA A48ttt 1 QOHL Nylon, PVA(Polyvmyl Alcohol), HIPS(ngh Impact Poly
Styrene), Laywood &2 Al&3o] @] ¢F7] ulo] HAA A A5t}

1) [U|o|e{ X|AleHn}] ABS==X| [acrylonitrile butadiene styrene copolymer] (S=AtEHz})



¥ Tl o8 dle 3D ZAHE dRste A o] ZHUHA LA e EF

S XA} SEAYES st AL w9 vEZgHolnt. dvkatd, ZE 9k A

mEbA] Az A7) 9 TR 2w, duE FheA 3D ZAUHE M Ag A

o] Ao wel FEE AL v A o] HyF AATF ofH g W] 1 FIhelA
AFE 9g 7hEg sz A

=
1 s s A7 Bobse7] Wl wepd, o o
o FDM#4e] Zele) AR ste] Au o] AAeqon] o] AdA zu4 9

=9y A xR Adadn Ba Asue] wAw
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= [2" 1ol el e, g o] 8 AAYS <FE 3>3 2
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Controller (27,55 )

EEI (85 :210~300 C)

compressor filter

CDA e
ﬂ, E
- — |
B 1 e
Air  HEPA | 4ESE b E |
1 1
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<H 2> 3D =BT ZYTX AT

g = A
R FDM

Temperature Control

&= ~ 300C 7Fe

Ne &5

Filament roll

|=]
Air Flow A 50 LPM
WA Al 2~® 7] (WxDxH, mm) 635%220%390
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[d8 3] 3D ZBTY HYTX HY¥ZS




Uiz a7lE A8 s A=24 F4¢] 7bse ELPI+(Electronic Low
Pressure Impactor, Dekati, Finland), OPC(Optical Particle Counter, Model : 11-A,
Grimm Aerosol Tecknik, Germany), 1231 SMPS(Scanning Mobility Particle Sizer,
Model : 5.416, Grimm Aerosol Tecknik, Germany) ZH| S o] &33tt. HAA 7 =
b HUH P SMPS® &t &+ $%, d¥ss, 281 294 $EE FAGoH,
T3 -2 0 4 (TEM : Transmission Electron Microscope, Model : H-7100FA,
Hitachi-Instruments, Japan)¥  FAAX & H(SEM  :  Scanning  Electron
Microscope, Model : S-3000N, Hitachi-Instruments, Japan)< A}&3te] 37 = 4=
o el AVIE EA sk ob&2l, ELPI+ % ZQIAE AFHE PHEE o] &5t

4y Fawel Y BEE S439ch

& FA4s7] 9sA AREg A= ELPI+, OPC, 121 SMPSe] %l
Ty RUHHES fskel SMPSE F AH|= ARgstlen, ELPI+9F OPC
TA PSSR B GHE AREsisld obwd, 2 TE¥HeR W4 vEE

Qake] 4719 Aule] ZHgkst mmstl

e o
ofN ¢

ELPI+&= 37 & 4A & T=& Z2ZY FAZZE AAE AAA F3HE LA
7|2 A4S = AdeE Yot} F7] FHS 10 L/'ming Abgsld, 349 7] =

2) ELPH+ user manual Ver. 1.12, Dekati Ltd., 2011



Oo. e 9

= 14709 gAZ FAE A= AdHAEY 6 nm~10 m HH e UAE =7
AstAtt. BE = greased aluminium foil(CFG-225, Dekati, Finland)S &2+a}
. Aluminium foil filter®] &2k A - % FAE F43st] e S st F

g =745

ol ¥ E o
of T o
J{Nf

ki

(2) OPC

OPCE 025 m~32 mm W9 371 T9 Y4AE FHEAE ol &3t FHT = 3
= Adlojtt. M) Fdol= Teflon EE(1.2pm, 47mm, Grimm Aerosol Tecknik,
Germany)Z A &3l om, SMPSE =X 4 e WS Avlsgrh

(3) SMPS
SMPS+ Long DMA(Differential Mobility Analyzer)E Al-&3te] #714S E3s=
dxtel A714 EAE olgdte] 5 m~1 me AVE i AgEs Aol
CPC® ‘”Z}E A F FRAETIE AASI YA F TE T oloREY] YA
ExX 2 =439t 53 7] (neutralizer) = Am-2418 F&sle] dAto) dAS F3A
A AL&-3HA

(4) 7/NAAF AFH7] 9 PVC ZH

4y FHHor $F w55 A7 flste] MAAE AF7I(Air Chek XR, SKC,
USA)¢F PVC ZH((5.0 m, 37 mn, SKC, USA)E ©] &3t}

6) AA dAvH

Agede] oHE Fux WAHYEA FAAA A FAAGAN Ao B4

n?L'

=
o},

ol
25
3R



D 714 A 2 =4

Aol Al Fufgo] 2 FDMW2lel 3D Z#E Fo stvbe] A|#F(Ender-3 Pro

Series 3D ¥ ¥, Shenzhen Creality3D Technology Co. LTD., China)S X902

Al A" AR o A ZAMA AFAEE B =E AAL 04 molal, Ab

43l ABS W E(SGS, White color ABS filament, Diameter 1.75 mm, RoHS,

China)e] &3 EE =& %7} 230C~250CoIAt}. oo w&, =& A4S 04
C

1
m, =F SE= 240CR BAAT= As Ve r dds waAsah

Machine model Ender-3

Molding technology | FDM(Fused Deposition Molding
Printing size

Printing speed

Printing precision +0.Imm

Nozzle diameter tandard 0.4mm, can be in 0.3 or 0.2mm

Hotbed temperature | s100°C

Warking mode Online or SD card offline
File format STL, OBJ, AMF
Slicing software ra/Repetier-Host/Simplify3D

Power supply.

Filament
N.W. 6kg
Machine size 140*410%465mm
GW. 8kg

Packaging size 0*400%190mm

[O% 4] AT 3D T2E NHE L AIY



2) &AY =A

ABS ZeHE AF AZRALAA 2FeE =F EE 229 240CE X3l 210T,
240°C, 270°C, 28] 300ClA AdS Pt

AE AZAFNA EFo2 AFSE =5 A4 04 mE ¥E38%] 02 m, 04 mm,
o

0.6 mm, 0.8 mm, 1.0 mm, 2] 32 1.2 mmoll A 2

ol
o2
_O‘L
32
o

71 AFAA S8t =5 EEHE7F gldley, & 7] (extruder) stepper®] x%
7153t 5 levelE 7|02 315 o1 8 level, 10 level, 12 level, 2228 3L 15 level®] &=

2 EE S22 2498 T8

FDM #W2le] 3D ZdH dtjol= st =25 AFEsta ) 345 F3kol| of g
el 3D ZHE a3E duxk AlA"ES PASIR e, oo wEt =& FHS 1,

2, 40, 2E)3L 6 R o] APE SR

®) 371 +& 14

THEHE 37 %S AdFEFFEAY 7| (MFC : Mass Flower Controller)E o] &3}
20 LPM, 30 LPM, 40 LPM, z8]3 50 LPMeolA 28-S F335+
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%= excluder stepper 6 tol Tt

9 EE &% 10 leveld] ¢

bl ok,
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15 7

X
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o
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<0

c
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Z}

cycles Z+

N 2,223,332 71(370,555 7N

81.53 nmm,

KN
T

Z ¥l 7k (mode)

/CH)ellaL, A7 =27

a4
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2 12902 mm, #7198t AHTIAFMMAD © Mass Median Aerodynamic
Diameter)< 12551 nm, 183 7]188d # A7]= 12938 mo| Yt THA 59 A$
ard AA Bt TAAL 55857.03 m’ (9,309.5 m?/CH)oloH, A7 A7 HWgS
113.75 nm, =12 73S 10865 nm, 28]aL 7]8ttE i+ =7]= 106.33 nmol it} olwje] &
=55+ 1 cycled ¥t 51.89% o]t

<H 3> 718 ME 2YxTHY T =5 &

Total  (unit) Mode | Median | Geo. Mean | Geo. SD.
Concentration (nm) (nm) (nm)
Number 2,223,332 (Jccm) | 81.53 76.58 73.74 1.60
Mass 1,083.65 (ug/ni) | 129.02 | 125.51 129.38 1.67
Surface 55,857.03 (um%ei) | 113.75 | 108.65 106.33 1.50

Material : ABS filament, Nozzle Diameter : 0.4 mm, Nozzle Temp. : 240C, Inlet Air : 30 LPM,
Nozzle Number : 6 Channel, Excluder Stepper : 10 Level (1 cycle mean 51.89 sec, 1~6 CH)

(29 5= 714 AIE Bz Akl WE B WEE Ued el Ful
WA AF FAHEIAT Agkel Aol weh gAHoR da
=)

= =
Y 2 ‘ﬂﬂ glo] et A o m FAHAT. FTHFE =t
]
S|
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1,819,8597H, 270°Col A 3,099,36970, —LelaL 300TC el A 4,739,31670 ot A4 =7
AWM gEe 210Col A 7431 mm, 240C A 74.86 nm, 270Cl A 80.71 nm, =223l 300C
o A 91.25 mmol Atk CMD2] 4% 210CelA 71.55 mm, 240°CollA 69.21 nm, 2707 il
21 7610 nm, 223l 300CelA 86.78 mmol Atk 7]8tstHw A7) 210TCel A 69.27
nm, 240°ColA 66.39 nm, 270Cel A 73.45 nm, L&) 300C ol A 84.38 nme] QA t}. o] uj ¢
EEZEEE 1 eyced = EEF 2571 2109 4% Hat 210%, 240C9] 45 Hat
62.08%, 2702 7% Hit 42.33% 18]a 300C 2 A$ Hit 37.56% ©Att

=

<H 4> EE 250 ME YXI = T

Temperature Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(C) (1/ccm) (nm) (nm) (nm) (sec)
210 204,089 | 74.31 | 7155 69.27 1.58 | 210.00
240 1,819,859 | 74.86 | 69.21 66.39 1.58 | 62.08
270 3,099,369 | 80.71 | 76.10 73.45 161 | 4233
300 4,739,316 | 91.25 | 86.78 84.38 1.63 | 37.56

Material : ABS filament, Nozzle Diameter : 0.4 mm, Inlet Air : 30 LPM,
Nozzle Number : 6 Channel, Excluder Stepper : 10 Level (1 cycle, 1~6 CH)

<E e =F EE 2R wE FH vx Aot 7 2xdM ¥ v- A
E W my AA Ho 2HS 210TAA 82.18 pg, 240°Col A 614.89 pg, 270°T ol A
1,564.80 pg, 12|31 300ColA 3,848.34 g oldth A4 Z7] HHIFE 210TolA
117.33 nm, 240°Cell A 111.33 nm, 270CN A 126.63 mm, =22]32 3007l A 173.24 nm©] 3}
t}. MMAD®] 7% 210ColA 11839 mm, 240°Coll A 109.48 nm, 270C el 129.19 nm,
18] 3 300C A 15531 muel itk 718ketd v 27]& 210Coll Al 143.75 nm, 240°C ol
2 128.63 nm, 270°Coll A 15355 nm, 2232 300TC el A 154.32 nmo] Lt}
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<H 5> EE 230 [IE T 5

Temperature Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(C) (ug/nt) (nm) (nm) (nm) (sec)
210 82.18 | 117.33 | 118.39 121.54 1.63 | 210.0
240 614.89 | 111.33 | 109.48 110.90 1.57 | 62.08
270 1,564.80 | 126.63 | 129.19 130.95 1.62 | 42.33
300 3,848.34 | 173.24 | 155.31 154.32 1.57 | 37.56

Material : ABS filament, Nozzle Diameter : 0.4 mm, Inlet Air : 30 LPM,
Nozzle Number : 6 Channel, Excluder Stepper : 10 Level (1 cycle, 1~6 CH)

<E 62 =F EF 2k wE xuA v& Aot 7} xoA mWA Tk
A2 A ard AA Ho FAHL 210CoAA 450006 m?, 240C oA 36,305.44 gm
2 270°C ol A 79.108.41 gm® —1#]a 300°ColA 164.382.26 ol et 274 =7] AWzt
2 210°Cel A 100.68 nm, 240°Cel 4l 99.26 mm, 270°Cel A 120.21 nm, L& 3 300°7C ol A
136.85 mmo] Attt 59 & A (median)2] 2% 210Cl A 100.16 nm, 240ColA 9560 nm,
270Col 4 111.08 nm, 22l 300CelA 131.75 mmol et 718t8tH o =7]+&= 210TCe]
2] 99.97 mm, 240°Cell A 93.87 nm, 270°Cell Al 108.48 nm, 28] 3 300Co A 128.16 nme]
At}

rlo =5

<H 6> EE 250 IE HYY T

Temperature Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(C) (un?/ i) (nm) (nm) (nm) (se0)
210 4500.06 | 100.68 | 100.16 99.97 1.51 | 210.0
240 36,305.44 | 99.26 | 95.60 93.87 1.48 | 62.08
270 79,108.41 | 120.21 | 111.08 108.48 1.52 | 42.33
300 164,382.26 | 136.85 | 13175 128.16 1.53 | 37.56

Material : ABS filament, Nozzle Diameter : 0.4 mm, Inlet Air : 30 LPM,
Nozzle Number : 6 Channel, Excluder Stepper : 10 Level (1 cycle, 1~6 CH)
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(c) Concentration of Surface

[O8 8] LE EE

il

01]7\1 6,216,42171, 0.8

2T

o WA

27w 44 5 5% A%E Ed Aol
Al ﬁéﬂ M 02 mol Al 5,056,59171, 0.4 mmoll A1 5,990,71270, 0.6 mm
mnoll A 5,461,26270, 1.0 mmoll A 5,380,21270, —1¥]i1

(b) Concentration of Mass

[ME X137 22X

1.2 mmell A
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5,056,72871 oAtk AAH A7 HWZL 0.2 molA 10422 nm, 0.4 mmol A 107.18 nm,
0.6 mmell Al 106.27 nm, 0.8 mmoll A 105.21 nm, 1.0 mmol A 111.61 nm, 28] 1.2 mmoll A
106.40 mmol k. CMD<] A% 0.2 mmoll A 91.93 mm, 0.4 mmelA 98.65 nm, 0.6 mmoll A]
94.30 nm, 0.8 mmoll A4 92.68 nm, 1.0 mmolA 96.49 nm, 2] 1.2 molA 92.72 mmo] Lt}
7188t A7)+ 0.2 mol A 88.69 nm, 0.4 mmoll A1 95.36 nm, 0.6 mmoll Al 91.71 nm, 0.8
mol A 89.64 nm, 1.0 mmol Al 93.44 nm, 28] 1.2 mmoll A 89.65 mmo| Tt ojwe] =&
EZE £5+= 1 cycle®d =5 270 02 me A H 4211%, 04 mme 4%
40.17%, 0.6 m®] - 3872%, 0.8 m®] 735 Wit 4250%, 1.0 me] -5 H3t 42,

Z, 283 1.2me] A% Hit 4567% o]tk

o ol
NJEY

<H 7> X8 I3 370 ME X} = T

Nozzle size Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(mm) (1/ccm) (nm) (nm) (nm) (sec)
0.2 5,056,591 | 104.22 | 91.93 88.69 1.63 | 4211
0.4 5,990,712 | 107.18 | 98.65 95.36 1.66 | 40.17
0.6 6,216,421 | 106.27 | 94.30 91.71 1.66 | 38.72
0.8 5,461,262 | 105.21 | 92.68 89.64 1.64 | 42.50
1.0 5,390,212 | 111.61 | 96.49 93.44 1.64 | 42.22
1.2 5,056,728 | 106.40 | 92.72 89.65 1.63 | 45.67

Material : ABS filament, Nozzle Temp. : 300C, Inlet Air : 30 LPM,
Nozzle Number : 6 Channel, Excluder Stepper : 10 Level (1 cycle, 1~6 CH)

<HE 2 =F A4 AV|d mE F¥ v Aot 7 »F HAdA AH =
AMS ¥ me AA HE AEFEL 02 mmol A 4,627.65 pg, 04 mmoll A 7,379.50 ug,

0.6 mmoll A 6,903.58 ug, 0.8 mmoll A 529241 pg, 1.0 mmoll A 5934.23 pg, 28] 1.2 mm
AA 481681 ugelARdt. A4 A7l HWZES 0.2 mmol A4l 169.89 mm, 0.4 mmol A4 188.85
mm, 0.6 mmol A 188.49 nm, 0.8 mmol Al 178.83 nm, 1.0 mmollA] 179.95 nm, 2] 22 1.2 mmol
A 171.95 mmol At MMADS] 4% 02 mmolA 159.16 mm, 0.4 mmelA 179.93 nm, 0.6
mel A 17526 mm, 0.8 mmolA 164.01 mm, 1.0 mmolA] 171.21 mm, 22|32 1.2 mmolA]
162.11 mmolAt}t. 718tstEH+ =71 0.2 mooll A 159.29 mm, 0.4 mmell A 179.64 nm, 0.6
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mmoll A 17352 mm, 0.8 mmoll A4l 163.18 nm, 1.0 mmollA 171.01 mm, Z&] 3 1.2 mmel A
161.19 nmeo] % t}.

<H 8> & XT 379 [HE TTFT ST

Nozzle size Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(mm) (ug/nt) (nm) (nm) (nm) (sec)
0.2 4,627.65 | 169.89 | 159.16 159.29 1.57 | 42.11
0.4 7,379.50 | 188.85 | 179.93 179.64 1.59 | 40.17
0.6 6,903.58 | 188.49 | 175.26 173.52 1.57 | 38.72
0.8 529241 | 178.83 | 164.01 163.18 1.57 | 42.50
1.0 5934.23 | 179.95 | 171.21 171.01 1.58 | 42.22
1.2 4816.81 | 171.95 | 162.11 161.19 1.56 | 45.67

Material : ABS filament, Nozzle Temp. : 300C, Inlet Air : 30 LPM,
Nozzle Number : 6 Channel, Excluder Stepper : 10 Level (1 cycle, 1~6 CH)

A w5 Aotk 7 =& AAoA ZHH
e ARE B ofd AA HF FTHAL 02 molA 191,200.81 gm® 0.4 mmell A
272,095.56 m’, 0.6 mnel A 26281550 wm® 0.8 mmoll Al 213,526.99 ym?, 1.0 mmoll A
229,157.68 pm?, 1e]l 1 1.2 mol A 196,302.16 um® o]tk A7 =7] WS 0.2 mol
2113973 nm, 0.4 mmoll Al 158.07 nm, 0.6 mmol A 15870 nm, 0.8 mmoll A 147.59 nm, 1.0
moll A 15523 mm, 2832 1.2 mmolA] 148.09 mmol Atk EYA A9 A$ 0.2 mnol A
136.33 mm, 0.4 mmoll A 152.38 nm, 0.6 mmollA] 148.08 nm, 0.8 mmolA] 139.74 nm, 1.0 mmol
A 146.04 mm, 2] 1.2 mmolA] 138.87 mmo|dtt. 7|tstH T =Z7]= 0.2 mmoll A
132.87 mm, 0.4 mmoll A 147.97 mm, 0.6 mnoll A 143.38 nm, 0.8 mmol A 135.83 nm, 1.0 mmoll
14174 tm, 2832 1.2 mmoll A 134.83 mmo] At



<H 9> & X3 37010 HE HEX T

Nozzle size Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(mm) (um’/ c) (nm) (nm) (nm) (sec)
0.2 191,200.81 | 139.73 | 136.33 132.87 152 | 42.11
0.4 272,095.56 | 158.07 | 152.38 147.97 1.54 | 40.17
0.6 262,815.50 | 158.70 | 148.08 143.38 1.55 | 38.72
0.8 213,526.99 | 147.59 | 139.74 135.83 1.53 | 42.50
1.0 229,157.68 | 155.23 | 146.04 141.74 1.53 | 42.22
1.2 196,302.16 | 148.09 | 138.87 134.83 1.52 | 45.67

Material : ABS filament, Nozzle Temp. : 300C, Inlet Air : 30 LPM,
Nozzle Number : 6 Channel, Excluder Stepper : 10 Level (1 cycle, 1~6 CH)

F gk
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owf WAAIZ F oF 504 FHE FFAHoZ HAS A

[27] 11]2 =59 EE &5 WA o& dx ¢ 5%, 4% 5%, 181 3HA 5
L5 YEd Zojth (a)dllA A AFo Yt ¢ s A5 AA Srte v
oA A A QM St = FAE B, k& EF S5 SUHE wet v 2= S
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Concentration of Number (1/cCM)

NEEEEE

0000
Massured Tim (min)

(a) Concentration of Number

00 60000 7:12:00
Measured Time (min)

(c) Concentration of Surface

[O8 11] &5

ol A 2,130,40770, 10 levelel A 2,261,5507H,
ol Al 2,459,3707] o] AT},
mm, 10 leveloll 4] 87.12 nm, 12 levelol A4 84.
CMD9] 7
leveloll A 80.06 nm, —1&] 3L
A
15 leveldl Al 78.97 nme] At}
B 86.38%, 8 level?]

AL FF 41.17%, 18

=

75
< 15 level®] 7

L 4o
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ca § B B B B B 8 B

4:48:00

33 60000
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(b) Concentration of Mass

A

o ME T B

JI

Holt}, 7} =& EEF HXofA
5 leveloll Al 1,763,2207), 8 level
12 leveloll A 2,415,7467), 18] 1L 15 level

= 4
L
v\____

2173 A7) ANZEE 5 levelol A 77.30 nm, 8 levelol A 79.85

18 nm, 28] 3L 15 levelol A 87.50 nme] AT}

% 5 leveldl Al 70.60 nm, 8 levelol4 7593 nm, 10 levelel Al 7829 nm, 12
15 leveloll 4] 82.30 mme] %1
67.67 nm, 8 levelol A 72.74 mm, 10 levelol A 74.92 mm, 12 levelol A 76.87 mm, L&
ojmj o] E
A 56.22%,

t}. 71t i A7) E 5 leveld

Z&£T= 1 cycled EEEE 5 leveld] F
10 level®] 4% #H 45.33%, 12 level
Hat 3756% ©| 3Tt

3

[e]
-+



<H 10> E EE £ ME Xt &+ 5

Excluder speed Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(Ilevel) (1/ccm) (nm) (nm) (nm) (sec)

5 1,763,220 | 77.30 | 70.60 67.67 1.59 | 86.38

8 2,130,407 | 79.85 | 75.93 72.74 1.59 | 56.22

10 2,261,550 | 87.12 | 78.29 74.92 1.60 | 45.33

12 2,415,746 | 84.18 | 80.06 76.87 1.60 | 41.17

15 2,459,370 | 87.50 | 82.30 78.97 1.60 | 37.56

Material : ABS filament, Nozzle Diameter : 0.4 mm, Nozzle Temp. : 240C, Inlet Air : 30 LPM,
Nozzle Number : 6 Channel, Excluder Stepper : 5~15 Level (1 cycle, 1~6 CH)

<E 11>E =35 EF &5 nE A% 5= 2ot 4 =59 EE £RoA A
F T A%E HYE mT AA HE ZFFLS 5 leveldl Al 627.23 ug, 8 levelol A

94951 pg, 10 levelol A 1,126.85 ug, 12 levelol A 1,308.85 pg, LE]i 15 levelol A
145794 pgoldch. A4 A7) HWFE 5 levelol Al 11518 mm, 8 levelol Al 123.22 mm,
10 leveloll 4] 129.28 mm, 12 levelolA] 13840 mm, 28] a1 15 levelol A4 141.49 mmo] %1
MMADS®] A% 5 levelol 4 111.34 nm, 8 levelol 4] 120.10 mnm, 10 levelol Al 125.36 nm,
12 leveldll Al 129.61 mm, 18] 15 levelolA 134.05 mme] At 7188t Hd A7]&= 5
levelol A 111.62 nm, 8 levelolA 12090 nm, 10 levelolA 126.05 mm, 12 level®l A
130.27 mm, 2] 32 15 levelol 4] 134.71 mmo] it}
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<H 11> £E EE 50 E TF 5

Excluder speed Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(Ilevel) (ug/m) (nm) (nm) (nm) (sec)

5 627.23 | 115.18 | 111.34 111.62 1.55 | 86.38

8 949.51 | 123.22 | 120.10 120.90 1.56 | 56.22

10 1,126.85 | 129.28 | 125.36 126.05 1.55 | 45.33

12 1,308.85 | 138.40 | 129.61 130.27 1.56 | 41.17

15 1,457.94 | 14149 | 134.05 134.71 1.57 | 37.56

Material : ABS filament, Nozzle Diameter : 0.4 mm, Nozzle Temp. : 240°C, Inlet Air : 30 LPM,
Nozzle Number : 6 Channel, Excluder Stepper : 5~15 Level (1 cycle, 1~6 CH)
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<E I2>-F EEF £50 2 ¥H T Ayt 7 =F9 EEF £RA #
W e A3E B ond AA 3 WAL 5 leveloll A 36,613.40 pm? 8 levelol
A 51,264.59 m* 10 levelel A 58371.88 m? 12 levelel A 65743.74 ym?, 1831 15
levelol A 70,923.07 el Attt A7 =Z7] FAWZS 5 levelol A 105.81 nm, 8 levelol A
111.16 mm, 10 level®l A 115.18 nm, 12 levelol Al 114.78 nm, 223 15 levelol A 125.95
me] At =Y AA A 5 levelodl Al 98.19 nm, 8 levelollA] 10557 nm, 10 levelol A]
109.90 nm, 12 levelolA 112.84 nm, 23] 3L 15 levelol 4] 11640 mmeo] At} 7] &}&rH o+
37]= 5 leveldl A 95.38 nm, 8 levelol A 102.92 mm, 10 levelel 4] 107.13 nm, 12 level
o A 110.26 nm, 2232 15 levelol A 113.72 nme] i T}

o,
F:U iy
oo



<H 12> £E EE 5o ME BHY T

Exduder speed Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(level) (un?/ ca) (nm) (nm) (nm) (sec)

5 36,613.40 | 105.81 | 98.19 95.38 1.47 | 86.38

8 51,264.59 | 111.16 | 105.57 102.92 1.47 | 56.22

10 58,371.88 | 115.18 | 109.90 107.13 1.48 | 45.33

12 65,743.74 | 114.78 | 112.84 110.26 1.48 | 41.17

15 70,923.07 | 125.95 | 116.40 113.72 1.49 | 37.56

Material : ABS filament, Nozzle Diameter : 0.4 mm, Nozzle Temp. : 240C, Inlet Air : 30 LPM,
Nozzle Number : 6 Channel, Excluder Stepper : 5~15 Level (1 cycle, 1~6 CH)
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[O8 14] =5 =30 ME T 8

fN
it -l>

<E 13> = ol mE J F F= ﬁTJr"]‘jr. == el wek SAE
A e A¥E B cemT AA H JHeEE 1 ol A 4165357, 2 thell A
47387970, 4 ol A 1,282,6087), 123 6 ool A 2,105,8017H oot} A7 =7 Hul
e 1 oA 7151 nm, 2 thell A 71.63 nm, 4 ol A 72.16 nm, L&] 22 6 thell A 83.25
meol Ak, CMDE 7% 1 oA 60.71 nm, 2 ol A 66.63 nm, 4 ol 70.37 nm, L
21 6 oA 7642 molQth. 71sstE i A7) = 1 tol A 56.15 nm, 2 ol A 62.78
m, 4 el A 6856 nm, 223 6 WellA 7349 mol k. ol wEF EE £nE |
cycled %0 1 tigl 4% Hit 61.33%, 2 el AF H3t 53.33%, 4 vl % 7
T 4267% 1EA eEe] 6 el A9 Fat 4356% oAtk



<H 13> E =70l [ME Xl = T

Nozzle No. Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(EA) (1/ccm) (nm) (nm) (nm) (sec)

1 416,535 | 7151 | 60.71 56.15 174 | 61.33

2 473,879 | 71.63 | 66.63 62.78 1.64 | 53.33

4 1,282,608 | 72.16 | 70.37 68.56 1.56 | 42.67

6 2,105,801 | 83.25 | 76.42 73.49 1.60 | 43.56

Material : ABS filament, Nozzle Diameter : 0.4 mm, Nozzle Temp. : 240°C, Inlet Air : 30 LPM,
Nozzle Number : 6 Channel, Excluder Stepper : 10 Level (1 cycle, 1~6 CH)
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Mol we =
1 el Al 11254 pg, 2 thell A
46.82 pg, 4 MolA 466.75 pg, 1213 6 el A 1,00045 pgol k. A7 =7] HW g

S 1 tholl A 106.71 nm, 2 tHollA 111.03 nm, 4 thell A 11992 nm, 223 6 thol A
130.49 mmol Ak, MMADS] 4% 1 dielA 10722 nm, 2 el A 107.49 nm, 4 tjellA]
112.83 nm, 12131 6 o} oA 124.28 nmo] Aot 7]kt v A7]+= 1 tiell A 112.76 nm,
2 el A 110.84 nm, 4 tHollA 113.38 nm, 223 6 tholl A 124.28 mmo] At}

<H 14> B =T E TTF T

Nozzle No. Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(EA) (ug/ i) (nm) (nm) (nm) (sec)

1 11254 | 106.71 | 107.22 112.76 1.80 | 61.33

2 146.82 | 111.03 | 107.49 110.84 1.67 | 53.33

4 466.75 | 119.92 | 112.83 113.38 1.57 | 42.67

6 1,000.45 | 130.49 | 124.26 124.28 1.55 | 43.56
Material : ABS filament, Nozzle Diameter : 0.4 mm, Nozzle Temp. : 240°C, Inlet Air : 30 LPM,

Nozzle Number : 6 Channel, Excluder Stepper : 10 Level (1 cycle, 1~6 CH)



AA wR Aoty AskE w59 Il wek
= B 7l 1 gl 6821.05 m? 2
ol A 881256 um? 4 tholl A 2694740 wm? 223l 6 oA 5254512 m’e] At &
4 A7) AR 1 teolA 9236 mm, 2 el A 9653 mm, 4 tHelA 101.64 mm, L] 32
6 el A 11518 mmol Atk 592 (median)e] A% 1 thellA 91.12 nm, 2 tiolA
9273 mm, 4 hellA 9750 mm, 22|22 6 thollA 10844 mmolAt}. 71&tstHAT A7 = 1
ol A 89.10 nm, 2 HellAl 9156 mm, 4 tHellA 96.00 nm, 22|22 6 oA 10559 mmo]
At

<H 15> & 30 [E HEBYY T

Nozzle No. Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(EA) (um?/ c) (nm) (nm) (nm) (sec)

1 6,821.05 | 9236 | 91.12 89.10 154 | 61.33

2 8,812.56 | 96.53 | 92.73 91.56 1.49 | 53.33

4 26,947.40 | 101.64 | 97.50 96.00 1.48 | 42.67

6 52,545.12 | 115.18 | 108.44 105.59 1.48 | 43.56

Material : ABS filament, Nozzle Diameter : 0.4 mm, Nozzle Temp. : 240C, Inlet Air : 30 LPM,
Nozzle Number : 6 Channel, Excluder Stepper : 10 Level (1 cycle, 1~6 CH)
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e e s W3t ooty AP AN T E A AW W A F R
B Tt AT Y] HES WA FUhe AE WESIFoy, AdHo=
frefFol F7beel wet Ak 7 FEE o FUte AT A wEe WA TRe
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(c) Concentration of Surface

[d8 17] 871 839 ME T Bt

<HE 16> F7] el e 42 ¢ v Aol 37 fF#d e A ¢ oF
= A¥%E B cemT A Hir JlgE 20 LPMOIA 4,777,02370, 30 LPMell A
4,871,86370, 40 LPMelA 5124,76570, 12131 50 LPMellAl 5259,1317) ]ttt 274
271 AN 20 LPMolA 9342 nm, 30 LPMell A 79.29 nm, 40 LPMelA 6857 nm,
a2la 50 LPMel A 60.27 nmo]l itk CMD9] -9 20 LPMel Al 80.40 nm, 30 LPM¢]
Al 70.67 mm, 40 LPMolA 64.05 nn, =223 50 LPMol A 58.87 nme] Q1tt. 7]38}3hs o
A7) 20 LPMOlA 77.40 nm, 30 LPMell 4 68.33 nm, 40 LPMelA 6214 mm, —12]iL
50 LPMeA 5747 mmo|dtt. olwje] EZ&EE= 1 cycled 20 LPMO| A H+
27.33%, 30 LPM9] 72 Hi 26.17%, 40 LPM9] 2§ Hi 2583% 18] 50 LPM
o] A% Hyt 2511% o)At}
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<H 16> 371 70 ME Xt = T
Air Flow Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(LPM) (1/ccm) (nm) (nm) (nm) (sec)
20 4,777,023 | 9342 | 80.40 77.40 1.64 | 27.33
30 4,871,863 | 79.29 | 70.67 68.33 1.66 | 26.17
40 5,124,765 | 68.57 | 64.05 62.14 1.66 | 25.83
50 5,259,131 | 60.27 | 58.87 57.47 1.66 | 25.11

Material : ABS filament, Nozzle Diameter : 0.4 mm, Nozzle Temp. : 270C, Inlet Air : 20~50 LPM,

Nozzle Number : 6 Channel, Excluder Stepper : 15 Level (1 cycle mean, 1~6 CH)

<E 17>& 37 %

oS*i

TE Aol 7] frgd
o o AA s 20 LPMOﬂH 3,024.82 pg, 30 LPMolA 218891 pug, 40
LPMell A 1,748.13 pg, 123 50 LPMell Al 143599 pg otk A4 =7 HAWzke 20
LPMol A 143.98 nm, 30 LPMel A 128.32 nm, 40 LPMel A 11869 nm, 2232 50 LPMol
A 113.60 nmo] vk, MMAD®] 7-%- 20 LPMel A4 142.03 nm, 30 LPMel A 127.13 nm, 40
LPMoll 4 11643 nm, 28] 3L 50 LPMel A 109.15 el it} 7188H 7] 20 LPM

u} o W A =x A=
&

r[o rlm

o,
&Y

2

ol A1 14356 nm, 30 LPMellA 130.12 mm, 40 LPMel A 119.05 mn, 223 50 LPMol 4
111.43 mmo] At}
<H 17> 871 870 [UE TT T
Air Flow Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(LPM) (ug/m) (nm) (nm) (nm) (sec)
20 3,024.82 | 143.98 | 142.03 143.56 1.62 | 27.33
30 2,188.91 | 128.32 | 127.13 130.12 1.67 | 26.17
40 1,748.13 | 118.69 | 116.43 119.05 1.68 | 25.83
50 1,435.99 | 113.60 | 109.15 111.43 1.70 | 25.11

Material : ABS filament, Nozzle Diameter : 0.4 mm, Nozzle Temp. : 270°C, Inlet Air : 20~50 LPM,

Nozzle Number :

6 Channel, Excluder Stepper :

15 Level (1 cycle mean, 1~6 CH)
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<E 18>2 F7] frEkol W4 wx Aot 7] fEgd BE XW4 %
AWRE B2 g AA FHALS 20 LPMelA 13997460 gm® 30 LPMolA
112,762.20 m®, 40 LPMoll A 98560.19 m?, 22]3 50 LPMollA 86,848.98 m®c] 91T},
A7 A7) WS 20 LPMlA 121.73 mm, 30 LPMelA 10921 nm, 40 LPMell A
104.73 nm, 12131 50 LPMell Al 101.53 nmol At E912 49 49 20 LPMel A 120.15
nm, 30 LPMell 4] 108.10 nm, 40 LPMellA 99.05 nm, 1283 50 LPMolA 92.18 nmo] 1
t} 718kt i 7] 20 LPMolA 117.90 nm, 30 LPMollA 105.33 nm, 40 LPMellA]
96.22 nm, 223 50 LPMol A 89.43 nmo] it}

)

(ET

<E 18> ¥J| {70l ME HUN Tk

Air Flow Total Mode | Median | Geo. Mean | Geo. SD. | cycle
(LPM) (um?/ c) (nm) (nm) (nm) (sec)
20 139,974.60 | 121.73 | 120.15 117.90 1.54 | 27.33
30 112,762.20 | 109.21 | 108.10 105.33 1.55 | 26.17
40 98,560.19 | 104.73 | 99.05 96.22 1.55 | 25.83
50 86,848.98 | 101.53 | 92.18 89.43 1.56 | 25.11

Material : ABS filament, Nozzle Diameter : 0.4 mm, Nozzle Temp. : 270C, Inlet Air : 20~50 LPM,
Nozzle Number : 6 Channel, Excluder Stepper : 15 Level (1 cycle mean, 1~6 CH)
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WAE AYYL wgon, 37 §Fl FAB5F B4 FEE oAt 3Pl 9
22 % & gvh BWA FES 4 FEe AE /LU £ BunAE 49
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= 4% 9ee ¢+ A
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<H 19> X 28 THYMY T

. Total  (unit) Mode | Median | Geo. Mean | Geo. SD.
Concentration
(nm) (nm) (nm)
Number 5,095,600 (/ccm) | 80.61 | 71.88 69.39 1.67
Mass 2,478.26 (ug/nd) | 132.98 | 131.92 134.18 1.66
Surface 123,689.23  (u*ed) | 113.51 | 111.21 108.61 1.56

Material : ABS filament, Nozzle Diameter : 0.4 mm, Nozzle Temp. : 270°C, Inlet Air : 30 LPM,
Nozzle Number : 6 Channel, Excluder Stepper : 15 Level (1 cycle mean 28.0 sec, 1~6 CH)

[27 201 HA2Y 2d0AMe = W3t 2 Fx5 vehd Aojn. (a)ollA H=
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<H 20> OPCOj 2J¢t X} = T 5T &
Nozzle No. 1 EA 2 EA 4 EA 6 EA
Particle size (um) | Mean (1/L) Mean (1/L) Mean (1/L) Mean (1/L)
0.25 21459.82 59527.74 109841.90 148300.07
0.28 3501.79 12771.31 22495.71 26926.11
0.30 240.71 973.81 1598.81 2019.69
0.35 14.64 51.79 89.05 136.16
0.40 1.25 3.21 4.44 10.38
0.45 0.00 0.36 0.71 2.64
0.50 0.00 0.71 0.63 2.14
0.58 0.00 0.00 0.24 0.74
0.65 0.00 0.12 0.00 0.41
0.70 0.00 0.12 0.08 0.00
0.80 0.18 0.00 0.00 0.25
1.00 0.00 0.00 0.00 0.00
1.30 0.00 0.00 0.00 0.00
1.60 0.00 0.00 0.00 0.00
2.00 0.00 0.07 0.00 0.05
2.50 0.00 0.05 0.00 0.03
3.00 0.00 0.00 0.00 0.00
3.50 0.00 0.00 0.00 0.00
4.00 0.00 0.00 0.00 0.00
5.00 0.00 0.00 0.00 0.00
6.50 0.00 0.00 0.00 0.00
7.50 0.00 0.00 0.00 0.00
8.50 0.00 0.00 0.00 0.00
10.00 0.00 0.00 0.00 0.00
12.50 0.00 0.00 0.00 0.00
15.00 0.00 0.00 0.00 0.00
17.50 0.00 0.00 0.00 0.00
20.00 0.00 0.00 0.00 0.00
25.00 0.00 0.00 0.00 0.00
30.00 0.00 0.00 0.00 0.00
32.00 0.00 0.00 0.00 0.00
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<H 21> OPCO 2Pt FHFET =T &2

Nozzle No. 1 EA 2 EA 4 EA 6 EA
Particle size (um) | Mean (pg/m) Mean (ug/m) Mean (ug/m) Mean (ug/ni)
0.25 0.34914 0.96845 1.78752 2.41334
0.28 0.07686 0.27938 0.49238 0.58923
0.30 0.00711 0.02936 0.04792 0.06094
0.35 0.00014 0.00098 0.00283 0.00562
0.40 0.00004 0.00002 0.00013 0.00036
0.45 0.00000 0.00000 0.00000 0.00007
0.50 0.00000 0.00014 0.00011 0.00030
0.58 0.00000 0.00000 0.00005 0.00015
0.65 0.00000 0.00002 0.00000 0.00008
0.70 0.00000 0.00005 0.00003 0.00000
0.80 0.00011 0.00000 0.00000 0.00015
1.00 0.00000 0.00000 0.00000 0.00000
1.30 0.00000 0.00000 0.00000 0.00000
1.60 0.00000 0.00000 0.00000 0.00000
2.00 0.00000 0.00071 0.00000 0.00049
2.50 0.00000 0.00086 0.00000 0.00059
3.00 0.00000 0.00000 0.00000 0.00000
3.50 0.00000 0.00000 0.00000 0.00000
4.00 0.00000 0.00000 0.00000 0.00000
5.00 0.00000 0.00000 0.00000 0.00000
6.50 0.00000 0.00000 0.00000 0.00000
7.50 0.00000 0.00000 0.00000 0.00000
8.50 0.00000 0.00000 0.00000 0.00000
10.00 0.00000 0.00000 0.00000 0.00000
12.50 0.00000 0.00000 0.00000 0.00000
15.00 0.00000 0.00000 0.00000 0.00000
17.50 0.00000 0.00000 0.00000 0.00000
20.00 0.00000 0.00000 0.00000 0.00000
25.00 0.00000 0.00000 0.00000 0.00000
30.00 0.00000 0.00000 0.00000 0.00000
32.00 0.00000 0.00000 0.00000 0.00000
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[9 22]= ELPI+¢] @Az 43 dHE &8st SAT TF v v

Aolth 2zt dAlo] A = AH=Aol= dHE | greased aluminium foil E E
E st oA Ax 2y o d¥ FAE SAsen, T 544 E‘rﬁ]%
7 GAC>260 nm)FE 15 FAC10 melR 1, T FE= 091 mg/m’, MMAD+

Eo]: [e)
23 GSDE 219014t} [19 23] ELPI+ol| <3
S5 UEd Bolt A F xR Af AdEL B AT 484 FEA
7F Aol Aol wep A &Aoo R FFAaEgon, F ]

e} A& ow ZFrhetgdrt.
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50.. ¥¥S=S 0|82 3D Z2IH Y SHSE oist M S A7)
Stage Size range (um) Cut-off size (pm) Imitial Mass (mg) Fmal Mass (mg) Mass (mg) Mass% Cumm_ Mass% Mass Probi
15 0.017  0.009919677 1558 15.60 (.020 3.390 0.000
14 0.030 0.022218011 1552 1554 0.020 3.3%0 33%0 3.174
13 0.060  0.04053961 13.61 15.69 0.080 13.559 6.780 3.308
12 0.108  0.07202083 1555 1571 0.160 27119 20.339 4170
11 0170 0.121346611 1543 15.62 0.150 32203 47.458 4936
10 0.260 0.199587074 1538 1548 0.100 16.949 79.661 5.830
9 0400 0.313737151 1543 15.44 0.010 1.695 96.610 6.826
8 0.640 0481367843 1570 1570 0.000 0.000 98.305 7.121
7 1.000  0.758122681 1544 0.010 1.695 98.305 7.121
6 1.600 1248198702 1546 0.000 0.000 100.000 ENUM!
3 2500  2.016730027 1548 0.000 0.000 100.000 ENUM!
4 4400 3.012772809 1558 15.55 0.000 0.000 100.000 ENUM!
3 6.800 443743169 15.67 15.67 (.000 0.000 100.000 ENUM!
2 10.000  7.301766909 15.48 1548 0.000 0.000 100.000 ENUMI
10 0.590 100.000
v = slope x + intercept (cumm mass vs. mass probif) MMAD=1Ql(s-nserceptSiope}
GSD= 101155944575 ncercept)Sope) VM AD
Intercept 7.86
Slope 2.99 MMAD 0.111
Correl 0.98 GSD
Particle size analysis Particle size distribution
. 99.9 12
8 - 99.8
I 90 o log-normal distribution
74 o/e [ og S 104 Dae
= L L os 3 ——— 95% Confidence Band
° L o <
) 90 2
= 64 < ~ 08
S Lso 2 =
% F7o &
g = £
= 5 Fso 2 X064
1% 2 o
= F = S
5 L
ERRR 20 § S o4
E I ;O O ®
) i a
34 F2 B 02
L ‘
Fos ED -
- 02
2 T T T 0.1 0.0 T T T
0.01 0.025005 0.1 025 05 1 25 5 10 25 0 2 4 6 8
Aerodynamic Diameter(pum) Aerodynamic Diameter(um)

[Od& 22] ELPI+0)l 28t ABS2] MMAD % GSD
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Ak Aoy, WA st 2
, 393 mg/molor, IE
TE TEHe Adet Hlae it
R 250 mg/melRew, I FHPOE AT

] 157.8%°] At}

i

<H 22> EHE FTTEO A% TF T

IRAA | 2RAE | T | 2ZANY | 5 Z#HA) | SMPS(B) A/B
No. (ng) (ng) (ng) (min) @) (mg/m) (mg/mi) (%)
1 14.97 15.33 | 0.36 40 2.0367 4.42 2.55 173.29
2 16.73 17.06 | 0.33 40 1.9842 4.16 2.55 163.05
3 15.11 15.41 0.3 40 2.0367 3.68 2.56 143.84
4 16.78 17.08 0.3 40 1.9842 3.78 2.56 147.65
5 15.19 155 0.31 40 2.0367 3.81 2.38 159.88
6 16.53 16.83 0.3 40 1.9842 3.78 2.38 158.82
GM+GSD 3.93+1.07 | 2504102 | (157.8%)

2 AA FH ww

3D mAY WAl Asue Eaje] WA ABS 2] ojwd Fue} Arw waA
9=A] FAA AR Z(SEM) T T3 A& Z2(TEM) 2 2 24890,

7h SEM

SEM 24< 938 grid &2 2 @AFY 11 @A7A Zsidvt. [2" 24]=
]

FHE YERd zlolth. ABS ZHHEE A Al =g

B X 3
g mgor Bl FuArh THHE YA AXE 9
A 2 2 A4 A 3 gUE 1wy



(2) SEM (17 nm plate) X 100 (b) SEM (>17 nm plate) X 500

(©) SEM (30 nm plate) x 100 (d SEM (30 nm plate) x 500

(f) SEM (60 nm plate) X 500

SE

[O8 24-1] SEM& O| 8Tt Plate & Xt BH
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11-Oct-19 000000 WD 6.8mm 15.0kV x500 100um

() SEM (5260 nm plate) x 500
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[18 24-2] SEM& 0|87t Plate &2 Xt BH



(m) SEM (>400 nm plate) x 100

SE 11-Oct-19 000000 WD 6.6mm 5.00kV x70

500um

SE 11-Oct-19

- Wi
000000 WD 6.8mm 15.0kV x500 100Qum

plate) x 500
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500um

p 2 0

(r) SEM (>1,000

nm plate) x 500

10-Oct-19
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000000 WD 7.1mm 15.0kV x500 100um
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1p) TEM

[29 25l TEM= ©l &3 4# gef& @23 et LC gride AW e st
ot wjE ol A Fete] ABS HHWIES &8 EEAI - TEMS o] &3] FHiE
HEG Aolth (@) (e)ellA Bo] 10 nn~50 m=L7]¢] JA7E #FEH A oH, (b)o}
(el A ek ol = m=7]e] E=Fol7t A4 e dAAE BEHJT. E3, (o)
(ol Aok 2ol = nm 51 200 me] 4=k, 2 (delM= +4 m dA7F #EE 9
o (el A ek 2ol 20 mm~40 7] o] £xFo] FHje] JA7E $HM 9 mel o
o] el = wE A

(@) TEM (In chamber) x 5,000 (b) TEM (In chamber) x 50,000

(©) TEM (In chamber) X 5,000 (d TEM (In chamber) % 50,000
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Abstract

A Study on Bioeffects of 3D Printer-Generated Toxic Substances Using
Experimental Animals - Development of 3D Printing Multi-Generator

System

Objectives : This study was performed to create an optimal condition for
animal experiments by establishing a 3D printing multi-generation system.
Methods & Results : In the experiments with the nozzle discharge
temperature, the particle generation concentration was increased with
increasing nozzle discharge temperature from 210° C to 300° C. In the
experiments with the nozzle discharge diameter from 0.2 mm to 1.2 mm, the
concentration was not increased when the nozzle diameter became larger or
smaller, and the particle generation concentration was high when the nozzle
discharge diameter was 0.4 mm or 0.6 mm. In the experiments with the nozzle
discharge speed, the particle generation concentration was increased as the
nozzle discharge speed increased. In the experiment with the number of
nozzles for multiple generations, the particle generation concentration was
increased as the number of nozzles increased. In the air-flow conditions, the
particle number concentration was increased with increasing air-flow, but the
weight concentration and surface area concentration were decreased in
reverse.

The concentration measured with the filter gravimetric method by collecting
with a personal sampler was 157.8% higher than the weight concentration
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measured by SMPS at the same time.

When the nozzle discharge temperature was 300° C, the discharged filaments
were twisted in a whirlwind form and prevented the flow rate of the
generation chamber, so that the animal generation temperature condition was
more suitable at 270° C. In addition, in the case of the air-flow, the
minimum flow rate for generating a high concentration was 30 LPM
considering the air-flow rate required for measuring equipment and animal
experiments.

Based on the above condition experiments, the optimum conditions for the
animal experiments of the multiple 3D printing generation systems are the
nozzle discharge diameter of 0.4 mm (or 0.6 mm), the nozzle discharge
temperature of 270C, the air supply flow rate in the system of 30 LPM, and
nozzle discharge speed of 15 level. As a result of experiments under optimal
generation conditions for animal experiments, the results obtained that the
particle number concentration was 13.8 times, the weight concentration was
13.7 times, and the surface area concentration was 13.3 times higher than
the ready-made product generation conditions.

As a result of observing the state of the collected particles with the scanning
electron microscope, the ABS generation material was present as small
particles, but most of the particles were agglomerated to form a mountain
peak shape. Particles on the grid, which were observed by the transmission
electron microscope were 10 nm to 200 nm size. In addition, particles of the
grape bunch form of several nm to several tens nm were agglomerated and
observed in the form of lumps of hundreds nm.

Conclusions : Through the above results, this study produced 3D printing
multi-generation system, confirmed a certain pattern according to various



Abstract .... 75

conditions, stable generation of concentration and showed the possibility of
future animal experiment. This multiple 3D printing generation system will
enable various researches to be carried out in the future, and furthermore,
by providing evidence of legal regulations on 3D-printing substances, it will
help prevent workers’ health hazards.

key words : Ultra fine particle, 3D printer, Multi-generation system, FDM
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