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111,651

101,593

2019 2020 2021(p)

X EX 02021 3D ZEiE MY HEIEAL YESLMATISH, 2022

[28 m-3] 3D m2E MH[A AJE

. OE A];g—
20208 =W 3D ZHE FBAIFLS 1,6359 49T o] AL E FA4

st

2) =4 3D =Y 714 2 A %

(28 MM-4]904 EHel Zo] 2021¥ % =1 3D =g
406704, SAAE 2,3650|H, 18 AEEER= A}H%ﬂ/%ﬁ/ﬂ%
JAHEE Fdoh= AFEY 18(9959)0] 7FY B2 B E YEhfal Q=
3D =HE IH AFE A4S 95 R&D A (610%), EHAH|A
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P Qe gkl 7144 Q¥@01Y), 3DEE A4S g wdU/gR
(359%) Q18 o= vEhgt
FHE =9I 719E9] 20219 3D ZHE #
3D ZelE £8, 298 A4 59 71¢ ¥ g%
BS 20 Uehgon], o} olo] 3D Zag /1&g 7MoE A
e ggshs R&D 918 £02 Uehich E3 3D LY
3097l 59 A Aashs mhY/TA) owao
A0 7147, R&D, 2dY A 719 Holi=

30P A2l 30P SAKER
& 20214 2L 3D==EL A= = 406 & 20214 3DE2E! EAR M= 23655 2
- 2020LATHHI 0. 2% BT - 0L CH| 4.3% Bt
- T2 1O X5 1M TR H L 12 FI R - 32 NOANBINE IS5 Bt
406 2,365
405 2,267
2,121
402
2019 2020 2021 2019 2020 2021

X EX 20214 3D ZEE MY MEHTAL FEELMUTISH

[23 I-4] =i 3D Z2E Argld ¥ -’é—*W

3) =W 3D Y 7|& ¥4

= AulAZ 71dS0] #HiSel 3D ZE ZsAlo] dis) dnEd
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( 3D EZIH0M Zdok= ABSL-=2C

jop

U=HAT(1)

(MEX) 2r4]9] 3D ZHES wfjslal Qe AC R Yo, 1 & o]
HZFZASHVPP) 26.9%, ELHEESH(PBE) 11.5%, FZA £AKBIT)/IHA]
Ao 82HDED) 2.6%, MZEAHMIT) 1.3% <=Oo& e

A5 AE7IF4EC] THE<l 3D ZE Zl&lo] tio] AHEH Y=2gE
(MEX, 71.1%) 3D ZHE7} 7P W@o| 851 = 402 Uehton, ol
olo] HXFAHSHVPP) 38.3%, EEHZ=H(PBF) 21.1%, AHEEAHMIT)
18.8% w22 Yebgtt v gz AnHy, Hgy 3D TdHE A=
FEMEX) 4ol 7H =2 H|SS 7|83 on, 498 3D ZdH:= 9=
A2} Abdof A wo] E8E= HRFAHIHVPP) W49 3D Z-E7} 54.2%2]
H5Z 71805t 7MY ®ol f85H Q= AR Uyt

(2l %)
n=78)
76.9%
26.9%
11.5%
1 16% 26% 1.3% L%
[ ]
uEYg ST YIMCEY MR HUNOEY HEwy 7IE}
(MEX-FRRFDM  (VPP-SLASDURALCDD  (PRF-SLSSSLM) (BIT-3DRACIF (DEM M

X EX 02021 3D ZEE MY HEZA, ESLHMYUTSHE, 2022

)

[23 [mM-5] = 3D ZEE 7=

FH T 7]dEo] B/ 3D IR ZlaHAlo] tisf AnE A3 ws
59 EH o2 "o| &85+ ARIESMEX) H4lS E-8oh= 7|0l 81.9%=
Yebd 7189, AZFAESKVPP) 24.1%, AZEAMT) 6.5%, B =5
(PBF) 6.1%, AZAEAKB]T) 4.9% <22 Uelgtt. E3], AZYE(MEX)
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HFA1 O AL A S tho] &85} QJ= v A8 EFor F2 Fan=
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3D ZIEHE =AU 7199 &8 FA2 AAIE AR 34.8%)°1 7H =4
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( 3D ZEE{OA Lich= ABSLI-=EO SU=HAT(1)

fol

U= 710l 2 E8she &M AuET AVkaA ESAH PLA,

&
B>
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uw
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)
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ro,
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™
N
O
X

=4(1%), AH(0.8%) =22 Yttt &, AFHAQl AR ARt
AES F40F 3D Yy AX7F &8EI glo :
282 Wil$ muet E0 & YEHTE PLA/ABS 59 EtAE &4
=2 7L EgAEH/EE AE AR VY BF Egag 76k AAE
Aiketr] el I AF 8ol 7] &R AR F

g Qhdol digt ?14] g2 F7taA ETtaY A F X3
PLA &4 &-&o] =4 YERT

H
oy
1B
=
I
=)
2 o
> 1o > .
Job oo B~
flo o 2 M

)
(i
=

3D Z¥H 3 TGRS} A vFeEd FUHH S dsALHS

ot 2 YT B/ HR
w3Y FYMAOIN B B719%F 3314 S9sto] v|mtArk. (& -1
Zol WA SAT FFE 10 LPMOIARE 50 LPM7IA 2HE o
MRSy BB REEE AT ol gsih 7§ UYL

_g_
10 LPMY 3% 97.13%, 20 LPMY A% 98.60%, 30 LPMY 7% 98.80%,
40 LPMY AL 99.38%, 181 50 LPMY A< 99.68%0°]r}.
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(& I-1) 3D Z2H OF TYIX| 712y &8 2y

Flow rate Inlet Outlet Chamber nose | Confidentiality
(LPM) (LPM) (LPM) port (LPM) rate (%)
10 9.78+0.01 9.69+0.14 9.50+0.13 97.13
20 19.97+0.01 | 19.99+0.11 19.69+0.16 98.60
30 30.10+0.02 | 30.00+0.12 29.74+0.07 98.80
40 40.30+0.02 | 40.25+0.06 40.05+0.18 99.38
50 50.19+0.02 | 50.25+0.21 50.03+0.19 99.68

3D ZRE thE A AREE vReEY FYAH AFAAEA
3D ZHE v A9 Y 19 R eEY SAMHE Boto] 3uEe
314 R WEd FHRA BReEY YN ZEE §3L oty
371 F = 50 LPM= 9714 g 7 SAAT. (& [-2)0lM=
A 82 20 LPMO.= 145kl 3]4 f3782 0~30 LPM7HA] W75kl o,
5]4 o] 20 LPMAA XEQ] f3Fo] 1.02 LPMOo|ith,
(B -2) HR-EY SUYH ZXEQ| LE R HaK1)
Generation air Dilution air Chamber nose port | Chamber Temp.
(LPM) (LPM) (Mean=SD) ('c)
20 0 0.34+0.006 27.3
20 5 0.49+0.006 26.2
20 10 0.64+0.012 25.1
20 15 0.83%+0.006 24.6
20 20 1.02+0.006 24.3
20 25 1.22+0.012 241
20 30 1.41+0.010 24.0
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( 3D I2IE0flA] LAlsk= ABSLE-2ZEOl EY

(E [M-3)o4= 9y f3F2
LPM7HA] ¥HA st o, 514 -5
oAt

25 LPMo.2 14T 54 &
o] 15 LPMo|A ZEQ] &

S4A7(1)

ZS 0~25
o] 1.01 LPM

(B 1-3) HRE-EE S ZEQ| LE Y HH2)
Generation air Dilution air Chamber nose port | Chamber Temp.
(LPM) (LPM) (Mean=SD) (c)
25 0 0.48+0.006 26.0
25 5 0.63+0.006 25.1
25 10 0.81+0.006 24.6
25 15 1.01+0.006 24.4
25 20 1.19+0.010 241
25 25 1.39+0.010 24.0

22 30 [PMOZ 1At 34 S-S 0~207}
geko] 10 LPMoJH EEQ] 92

o] 1.02 LPMo]|3itt.

(B [M-4) HRE-EY SUMH ZEQ L E RF B3H(3)
Generation air Dilution air Chamber nose port | Chamber Temp.
(LPM) (LPM) (Mean£SD) ('c)
30 0 0.64+0.015 25.3
30 5 0.83%+0.006 24.8
30 10 1.02+0.006 24.6
30 15 1.22+0.006 24.2
30 20 1.36+0.015 241
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(. [M-5)904+= 2 #
LPM7}HA] ¥H7st o, 3]

+o 35 [PMOZ 1A A SHFE 0~15
A f=Fo] 5 LPMOllA| 2EQ] {5F0] 0.96 LPMo]

At
(B 11-5) HRE-EE S ZEQ| LE Y H4)
Generation air Dilution air Chamber nose port | Chamber Temp.
(LPM) (LPM) (Mean+SD) ('C)
35 0 0.78+0.006 24.8
35 5 0.96+0.006 24.6
35 10 1.14+0.015 24.3
35 15 1.35+0.012 24.2

(F M-6y°A= gt
LPM7HA] ¥A7513 0,

(Z [I-6) HIRLEY

o @ro

T o i

0|

[e}

o

3 40 LPMO.2 1A35l1 34 88 0~10
514 ol 0 LPMefA ZES] F7F°] 0.96 LPMOI3IH.

SYUH ZEQ| LT ] HIK5)

Generation air Dilution air Chamber nose port | Chamber Temp.
(LPM) (LPM) (Mean£SD) ('c)
40 0 0.96+0.006 25.1
40 5 1.15+0.006 24.8
40 10 1.33+0.015 24.5
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HlReEY FAA ) 15014 63714 Yol REC dAERTAS
8ol FEHe 371IRT= 398 SASHAT. (F MI-7)>0A 9} Zo] v &
L2y FUANY =SRE 15004 63744 FV1KFS 1.01~1.03 LPM
% 9jo] gir}
(B II-7) HELC-SES SUMY ZEQ| LE Q0| 7YY Ht
Generation air Stage Chamber nose port Chamb?r Temp.
(LPM) (Mean=SD) ('c)
40 1 1.02+0.006 24.5
40 2 1.03+0.006 24.5
40 3 1.03+0.006 24.6
40 4 1.02+0.006 24.6
40 5 1.02+0.006 24.7
40 6 1.01+0.000 24.8
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2. ZHY LI EE HHAAMS

1) EE &

5 Level, 10 level, 15 level, 281 20 level2 E& &% 24& ¥HA
stHA AEE S5t EE £+ 7 2404 98 4E7](Extruder)?
1 cycle A7+ 2+ 3314 7153}5&9-@, ZF A A9 AR} ¢ FEo) AR
g 459

(E I-8) EE &&0| IE UKt = sk

Value | ( 100 m |100 m~1m| Total | CMD | GM(GSD) E":irr‘:]‘i'“g

(Level) | (#/ccm) (#/cem) (#/cem) (nm) (nm) Gl
5 | 433,606.19 | 284,955.10 | 799,811.68 | 83.71 | 76.42(1.96) 98.06

10 | 448.420.64 | 472,113.29 | 1,021,045.80 | 100.94 | 91.70(1.96) 50.28

15 | 446.223.47 | 595.528.29 | 1,153.503.71 | 111.56 | 100.97(1.96) 33.50

20 | 464,978.26 | 702.114.80 | 1,291,253.21 | 117.93 | 106.72(1.97) 25.89

Analysis equipment :
108 times), Material
Generation Air/Dilution Air :

Level

SMPS(Scanning mode, measurement interval
: ABS filament(white color), Nozzle Diameter :
30 LPM/10 LPM, Nozzle Number :

© 4 min ; number of measurements ;
0.4 mm, Nozzle Temp.
6 Channel, Extruder Speed : 5~20

1 2507,

CMD : Count Median Diameter, GM : Geometric Mean, GSD : Geometric Standard Deviation

27



( 3D IZIE0N Wiok= ABSLI-=EO SUA=HAT(1)

(E II-9) ES &0 02 Y sk

Value |[{ 100 nm [100 nmm~1 (m Total MMAD | GM(GSD) |Extruding time
(Level) | (ug/m) (ug/ ) (ug/m) (m) (m) (sec/cycle)

5 64.62 686.75 823.93 184.55 | 180.17(1.56) 98.06

10 72.51 1,665.07 1,793.46 | 219.76 | 215.57(1.56) 50.28

15 74.06 2,373.74 2,679.74 239.68 | 236.08(1.56) 33.50

20 77.97 3,225.42 3,615.65 255.65 | 252.48(1.56) 25.89

Analysis equipment : SMPS(Scanning mode, measurement interval @ 4 min ; number of measurements ;
108 times), Material : ABS filament(white color), Nozzle Diameter : 0.4 mn, Nozzle Temp. : 250,
Generation Air/Dilution Air : 30 LPM/10 LPM, Nozzle Number : 6 Channel, Extruder Speed : 5~20
Level

MMAD : Mass Median Aerodynamic Diameter, GM : Geometric Mean, GSD : Geometric Standard
Deviation

(F M-8 [17 M-7]o1A E=Hkel o] 100 mH|9 2 100 mo]/d<
Ut £ s 59 EE St S| et BF STkt 4R =
EZ &7t 3715 wet ARG 98 4E719 1 cycle ARES EE $27)
Z7kgtol whek Zastint. (E M-9)9F [ M-8lolA Hiuie} go] E&
&7k St wel 100 mP |k 2 100 molde] e sk B5F S7FH
A7 = EE &7t S71stel ot AR

[29 M-9l0A EE &7t S715l wat B8 A & 527t 371
o, AR = Z718He (29 M-10191A4 &9 EE $X7 371
o wet A s @ dA7]= STk

(29 M-117 [3" M-121904E 42 ¢ 55, dF 529 =& EE
&0 2 AP AEAE Hebfgleh & = s=lA 100 m=|gF, 100 mm
oA} |1, JR=7] AAY] R* 32 7+ 0.8476, 0.9820, 0.98340]31.2.
A HEo)A R? g2 22 0.9179, 0.9998, 0.9997°0]]t}. ESH, 71L7]=
DT o AoEA A¥4S Ao



dN/dlogDp (particles/m)

dMvI/dlogDp (pg/m’)

1.20E+06 i : : : .

' : I —e—= 100 nm
1.00E+06 : L :

: : : —— 100 nm~1 um
8.00E+05 : A :

- | |
6.00E+05 = | i i

]

4.00E+05

2.00E+05

SLevel 110Level 15Level20 Level
0.00E+00 = : : .
000 112 224 336 448 600 712

Measured time (hours)

[O% m-7] ES {0 ME YUK + Sk e}

. ' ! ' !
4.00E+03 <100 nm i i i
—o— 100 nm~1 um I} : i

3.00E+03 : i

i i

' i
200E+03 i

: 1

i
1.00E+03 i

: . ] 1

' SLevel 1 10Levelil5Level 20 Leve
0.00E+00

0:00 112 2:24 3:36 448 600 712

Measured time (hours)

[28 m-8] ES &0 ME 2T sk e}
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( 3D ZZIEOM UMsk= ABSLILEEC EUSHAT(1)

2500000
]
g —— 5 Level
e
- =)
w 2000000 ——10 Level
L=
._=
= 1500000 —o—15 Level
= 20 Level
=
1000000

=
e
=
= 500000 |;
— I
-

o

0 200 400 600 200 1000

Particle size (nm)

[28 I-9] ES &0 ME YUK & ko YUKIFI| X

10000
_ —— 5 Level
£ 8000 —»—10 Level
==
2 £000 —+—15 Level
=9
=) 20 Level
2 4000
=
—
2 2000
0 >o-
0 200 A00 600 200 1000

Particle size (nm)

[28 I1-10] ES £E0 ME 2 29| YUXFI| 2X
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dN/dlogDp (particles/(m’)

dM/dlogDp (ug/m’)

1,600,000
1,400,000
1,200,000
1,000,000
200,000
600,000
400,000
200,000

+ < 100 nm y = 32136x + 664708

~ ® 100 nm-~1 um R? ={}W

"’//r y = 27498% + 169954 —

_— R?=0982 _.a&
................. e ___..:'.""d- . canndfp et
" Y =T16364% + &£03£1
S RZ = 0.8476
0 5 10 15 20 25

Extruding speed (level)

[0 mm-11] ES S0 ME YUKt = 329 M 24

N .
3.800 4 _ 100 nm y = 185.23% - 87.1
©100 nm~1 um R# = 0.999 _,.--"
<800 Total s
Ly = 168.49x - 143.43
1.800 ' R? = 0.9998
800 y=0.8323% + 61.888
R? = 0.9179
...... S —
200
(200) 4 5 10 15 20 25

[O3 m-12] EE &0 M2 Y 529 MY

Extruding speed (level)

M
21

HI
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( 3D DRIE0IN LSt ABSLI-SZ0| SUSHAT(|)

2) ES 2%

m>~

220C, 250TC, 280C, 181 310CE EE 2% XA HAoHA A
Zgsiolct. B2 2wk 7 24004 93 427|(Extrudend] 1 cycle ARFS

717} 3514 7|=sig1on], 7t ALl At 4 Sl WEEE SAsiolrh

S
=
O

0

(E I-10) ES 2&0 02 YXt = Sk

Temp.| (100 m [100 mm~1 im Total CMD | GM(GSD) Ex:irrl::';ieing
(c) (#/ccm) (#/ccm) (#/ccm) (nm) (nm) Geee
220 45,322.30 77,123.15 135,468.05 | 121.44 | 121.44(1.83) 54.89
250 | 595784.61 | 462,711.69 | 1,177,623.22 | 88.96 | 88.96(1.98) 49.33
280 | 1,172,262.14 | 1,285,528.05 | 2,725,112.83 | 102.47 | 102.47(1.87) 47.00
310 | 1,863,712.97 | 2,594,708.04 | 4,935,616.05 | 110.26 | 111.22(1.77) 45.89

Analysis equipment : SMPS(Scanning mode, measurement interval @ 4 min ; number of measurements ;
117 times), Material : ABS filament(white color), Nozzle Diameter : 0.4 mm, Nozzle Temp. : 220~310%C,
Generation Air/Dilution Air : 30 LPM/10 LPM, Nozzle Number : 6 Channel, Extruder Speed : 10 Level
CMD : Count Median Diameter, GM : Geometric Mean, GSD : Geometric Standard Deviation

(B I-11) EE 20| 02 Y sk

Temp.| ( 100 nn {100 m~1 um Total MMAD | GM(GSD) |Extruding time
() (ug/m) (ug/m) (ug/m) (nm) (nm) (sec/cycle)
220 8.61 305.27 343.65 236.39 | 230.71(1.50) 54.89
250 90.02 1,386.83 1,618.30 208.63 | 204.76(1.58) 49.33
280 203.26 3,796.05 4,380.88 206.00 | 202.95(1.53) 47.00
310 364.92 8,041.43 9,206.02 210.35 | 206.64(1.51) 45.89

Analysis equipment : SMPS(Scanning mode, measurement interval : 4 min ; number of measurements
117 times), Material : ABS filament(white color), Nozzle Diameter : 0.4 mn, Nozzle Temp. : 220~31
0°C, Generation Air/Dilution Air : 30 LPM/10 LPM, Nozzle Number : 6 Channel, Extruder Speed
: 10 Level

MMAD : Mass Median Aerodynamic Diameter, GM : Geometric Mean, GSD : Geometric Standard
Deviation
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GE M-10>3 (27 M-13]004] EEHkek Zo] 100 mH]eE 9 100 mel4e]
AR} & FEE EO EE 257t ASsl net 2% ZUlskich A& ¢
L9 YR = EE 257 220CE W 7 FloH, 250C oAM= AR =717t
HolAtyt BEE 27t Asstol met ARt 98 4E719 1 cycle AR
EE 27t 5Tl wet o5t (& M-11)3 [29 [M-14]004 B
HRo} Zho] E& 27 ARSSo] wah 100 mu|PH 2 100 moie] A s
nE 7k A 5o A TE EE 257t 220CY o 7 3o,
250C~310CAA= & W37 3

[I M-151004 =29 EE 27} A5sol met HA8EE A% = 5he
Z7Fetatt (19 M-16]01A4 =29 EE 27t A5l net s 529
A= S7retAth

(28 M-1713F (2 [-18]914E At 4 5k, dF 529 & ES
2ro] B2 A3 AEAS YEATE 4R 5= 5=014 100 mo]7h 100 mn
ol I8, YA HAQ] R* 32 ZH2F 0.9971, 0.9424, 0.97380]%10.H,
A HwoA R? 22 ZH2F 0.9773, 0.9288, 0.93150]91t. E3, 71&7]|=
BE o] APEA A4S B
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( 3D ZZIEOM UMsk= ABSLILEEC EUSHAT(1)

3.00E+06 I .
—e— < 100 nm

2.50E+06

—o— 100 nm~1 um
I
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1.50E+06

-
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m
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&

5.00E+05

280°C

dN/dlogDp (particles/m’)

aneC L

0:00 112 2:24 3:36 448 600 712
Measured time (hours)

0.00E+00

[18 m-13] ES 2&0 M2 YKt = sk #Hat

1.00E+04 - ! ! !
—— = 100 nm : : :
—
‘€ BO0E+03 | ——100 nm~1um ! ; :
g | L
= 6.00E+03 | ! ! !
. | | |
& : : :
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S ! ! 1
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1
1 1
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Particle size (nm)
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2 15000 -l e
=

= 310°C
2 10000
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( 3D DRUE0IN Mok= ABSLI-EEC SUSHHT(1)

7,000,000
':"; &= 100 nm
U = -
= ¥ 100 nm~1 um y = 53160x - 1E+07
L 5,000,000 [ —  R*=09738
E 0 Total
E 19x - BE+06
£ 3,000,000 Rz =0.9:z:r
(=1 . L ..
=) e
o0
2 1,000,000 . !y -3510%x - 4E+06
= ‘ R? = 0.9971
., | , I I
% 2 260 280 300 320

(1,000,000)

Extruder temperature (°C)
[O3 [M-17] EE 20 ME UK & sk M3 24

10,000

8.000

6.000

4,000

2,000

dM/dlogDp (pg/m’)

(2,000}

[12 [-18] EE 2&0 U2 ¥ sTol M

36

+ < 100 nm
y = 97.832x - 22038 /

T E100 nm~1 um Rz _0931V
.~ Total

"y = 85.392x - 19247
o R® = 0.9288

7y =39405% - 87154
// ___________ RE=097T3 .,

0
21}‘]/{/ 260 280 300 320

Extruder temperature (°C)

A
~

HI

32|

ooll



3) 5437 4%

ALz o] WAy 7| 27)9k B4 7] S WA I ARe Sgetgtt
H R 2y A9 ZF ZE oF 1 LPMA &3] diAe A 571
T2 40 LPMOZ o= Ao] &9 27o|qtt. wetA, AA 7] 35
40 LPMO.E2 1Ak, A9 vy 7] 279k 314 F7] H]8S 10:30,
20:20, 30:10, 181 40:0 27ACE 3|4 F7] {2 HASHHA 5LE 57
St EESSEE 7 2404 99 o

(E M-12) 3|M

371 /0 OE Xt = Sk

Flow | { 100 nm |100 m~1 im Total CMD | GM(GSD) |Extruding time
(LPM) | (#/ccm) | (#/ccm) (#/ccm) (m) (rm) (sec/cycle)
10/30 | 89,382.40 | 213,983.19 | 334,779.39 | 138.74 | 123.13(1.80) 49.89
20/20 | 235,693.98 | 337,993.81 | 635,248.42 | 114.37 | 103.28(1.90) 50.22
30/10 | 477,199.18 | 433,122.44 | 1,011,022.14 | 95.12 | 87.49(1.96) 48.28
40/0 | 657,320.70 | 486,964.18 | 1,272,542.11 | 87.26 | 81.32(1.96) 47.28

Analysis equipment : SMPS(Scanning mode, measurement interval : 4 min ; number of measurements ;
104 times), Material : ABS filament(white color), Nozzle Diameter : 0.4 mm, Nozzle Temp. : 2507,
Generation Air/Dilution Air : 10/30, 20/20, 30/10, 40/0 LPM, Nozzle Number : 6 Channel, Extruder
Speed : 10 Level

CMD : Count Median Diameter, GM : Geometric Mean, GSD : Geometric Standard Deviation
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( 3D IZIE0N Wiok= ABSLI-=EO SUA=HAT(1)

(E M-13) 84 37| /K0 mE 2 sk

Flow [ { 100 m [100 m~1 um Total MMAD | GM(GSD) |Extruding time
(LPM) | (ug/m) (ug/m) (ug/m) (nm) (nm) (sec/cycle)
10/30 16.58 836.18 933.28 225.84 | 226.50(1.49) 49.89
20/20 | 40.82 1,212.26 1,372.06 | 224.36 | 226.02(1.59) 50.22
30/10 75.12 1,399.45 1,615.31 220.59 | 223.17(1.67) 48.28
40/0 100.66 1,554.38 1,813.68 215.02 | 220.24(1.73) 47.28

Analysis equipment : SMPS(Scanning mode, measurement interval : 4 min ; number of measurements
104 times), Material : ABS filament(white color), Nozzle Diameter : 0.4 mm, Nozzle Temp. : 250°C,
Generation Air/Dilution Air : 10/30, 20/20, 30/10, 40/0 LPM, Nozzle Number : 6 Channel, Extruder
Speed : 10 Level

MMAD : Mass Median Aerodynamic Diameter, GM : Geometric Mean, GSD : Geometric Standard
Deviation

(E M-12)¢F [2" M-19100A Ez=iel o] W87] 5717F S7Fskal 814
3717k 2ol wek 100 mP|eh % 100 mol4] AAF F sEe BF $7F
SET. AR 5 sk] PREV = A7) 5719 54 5] HlEe] 10:309

7 30w, Sl 717F Al mEr dRtAT]= Aot 99 4E719]
1 cycle AJZF2 2AEE Z Aol Uit (3 M-13)3} [C1¥ [1-20]1A1
Hzpel o] 7] 5717k S7FekaL sS4 £717F Zhage] wEt 100 Rt
H 100 molde] A s HF S7I8HT dAE7= 287 5719 914
&71 vl 10:30€ W A% s=7F 7P 3oH, 34 5717t el ot
AA=271= AoHAi

[ M-21100A4 814 £717F ghade] met BA== YAt < sk 371
shairt. (13 M-220004 A wieo] 3= 94 2717t ool w=t ==
G s

[T9 M-2313 [O28 M-24]o1M= A & sk, dF 659 =S ES
2o g AJAAEHS UrEMO*E} A & s=olA 100 m7]eE, 100 m
opF L, PA=Y] A R® g A2 0.9912, 0.9921, 0.9957°11.2
AF F=olA R? g ZH2F 0.9956, 0.9532, 0.9639°1%{0. E3, 71571—
HE O] A A34E Eio

Ol

O

—

38



1
—e— < 100 nm

8.00E+05

—— 100 nm~1 um

6.00E+05

4.00E+05

2.00E+05

20/20 § 30/10 40/0

dN/dlogDp (particles/an’)

0.00E+00
000 112 224 3:36 448 600 712
Measured time (hours)

[O8 1m-19] 3|4 Z7| |0 WE UK + sk e}

250E+03 | : : ' '
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— i i i
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( 3D ZZIEOM UMsk= ABSLILEEC EUSHAT(1)
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dN/dlogDp (particles/cm’)

(500,000}

# < 100 nm v = 31891x + 16133
. ®100~1,000 nm R? = 0.9957 -~

Total

o
Yy =10453x - 121431
R* = 0.9921

10 20 30 40 50

[O28 m-23] 81 37| &
2,500
+ < 100 nm
-E 2,000 = 100~1,000 nm
= Total
g 1,500
E" 1,000
o0
=
= 200 Y = 2.8654% - 13.341
R? = 0.995
% u ¢- pEmmmmsaEE - * - Tﬁ B .*“--- ]
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(500) - -
Generation Air flow (LPM)
[O3 m-24] 8|4 37| |00 ME Y sk M3 2N
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U=HAT(1)

H=o

( 3D DEE0 LA ABSLI-SXO| 29

4) 7ks 9 H7ksA &4 da

3719 FFL 7R
=]

Ago] Wagh g
R R S PR PR EAREL S
AaEES 25t

A S AR afet B)7keA ]

(E [M-14) HI7KSA| 24d7] W2 HIREE

Eoi

ot

RN

231

e Inside Generator Inside Nose—only chamber
thou) | Temp. (¢) | RH (%) | Temp. (C) | RH (%) | 0, (%)
0 25.0 42 24.3 28 20.1
1 26.5 10 24.6 5.9 20.1
2 274 10 24.6 5.6 20.1
3 27.5 10 24.5 5.6 20.3
4 27.4 10 24.6 5.9 20.1
5 27.2 10 24.6 5.7 20.8
6 27.1 10 24.6 5.6 20.8
Mean 27.18 10.00 24.58 5.72 20.37
Material : ABS filament(white color), Nozzle Diameter : 0.4 mn, Nozzle Temp. : 2507, Generation

Air : 30 LPM, Humidified Air : 10 LPM, Nozzle Number : 6 Channel, Extruder Speed : 10 Level
RH : Relative Humidity, Animal laboratory : 25C, 42%(RH)
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off mh 7ReA] 27 F
d7HA s e, A
& 2=

B o]

S}
=

5
=

(FE MM-15)94 <} o] AFEZR AL A|ZF
L= 23.9CA Hi 26.8C0l%
1= = =

35, == 23.
S 37%0A 10%7H4] EolFict, HlE 29
24.0CoA 24.1CE FAIIATH7t 23.8C 2 ojgoH, A S AF
=2 W Aol 17.2%°191 04, 7F5EAE 7hedtalE te 41.9%014 74

@49 42
5] 93e.
(B NM-15) 7HSA| 2’47] LiRet HRLEE S 23
T Inside Generator Inside Nose—only chamber
(houn) | Temp. (C) | RH (%) | Temp. (C) | RH (%) | O, (%)
0 23.9 37 24.0 17.2 20.3
1 26.8 10 241 454 20.6
2 26.8 10 241 43.3 20.6
3 26.7 10 241 43.1 20.4
4 26.7 10 241 41.9 20.4
5 26.7 10 241 42.5 20.5
6 26.4 10 23.8 43.4 19.5
Mean 26.21 10.00 24.04 43.63 20.31
Material : ABS filament(white color), Nozzle Diameter : 0.4 mm, Nozzle Temp. : 250°C, Generation
Air : 30 LPM, Humidified Air : 10 LPM, Nozzle Number : 6 Channel, Extruder Speed : 10 Level
RH : Relative Humidity, Animal laboratory : 24°C, 37%(RH)
3
QI3to] Yrigmrt vobaitk. 71 PABL
HEEAE AAstleH,
WY el

5) 7k 24

R g
B3] Slskof ]
et @ 5% A5 94

73S CDAZ
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U BHe] Aol
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At
(B IM-16) 71&0{80 ME AKXt = Sk
CMD | GM(GSD) |Extruding time
(nm) (sec/cycle)

Total
(hm)
82.40(3.57)

=7

Agsre 245

(#/ccm)
61.87

26.12(1.45)
47.89

Flow | { 100 m
(LPM) | (#/ccm)

N.D. 0.96

181.85 337,333.12
1,035,851.06 | 68.90 | 67.05(2.22)

104.61 | 94.98(1.97) 48.19

Before
299,673.49
347,699.77
917,544.00

100 nm~1 m
(#/ccm)
3.58
27.08

Hu
582,630.32
441,214.23
Analysis equipment : SMPS(Scanning mode, measurement interval : 4 min ; number of measurements ;
112 times), Material : ABS filament(white color), Nozzle Diameter : 0.4 mn, Nozzle Temp. : 250C,
Generation Air : 30 LPM, Humidified Air : 10 LPM, Nozzle Number : 6 Channel, Extruder Speed
. Exposure, N.D. : No data
GSD : Geometric Standard Deviation

Hu+Ex
386,417.59

Ex

: 10 Level, Humidification 44.6%, non—Humidification 10.8%
Humidification and Exposure, Ex

Humidification, Hu+Ex

Hu :
CMD : Count Median Diameter, GM : Geometric Mean,
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(B M-17) 7EE0120 M2 HE sk
Flow | { 100 nm {100 m~1 im Total MMAD | GM(GSD) |Extruding time
(LPM) | (ug/m) (ug/m) (ug/m) (nm) (nm) (sec/cycle)
Before N.D. 0.03 N.D. 525.32 | 512.92(0.00) -
Hu 4.79 7.69 13.98 541.94 | 237.53(4.70) -
Hu+Ex 57.22 1,225.78 1,405.10 229.21 | 225.20(1.55) 47.89
Ex 61.60 1,609.05 1,829.32 225.08 | 221.96(1.61) 48.19

Analysis equipment : SMPS(Scanning mode, measurement interval @ 4 min ; number of measurements ;
112 times), Material : ABS filament(white color), Nozzle Diameter : 0.4 mn, Nozzle Temp. : 250,
Generation Air : 30 LPM, Humidified Air : 10 LPM, Nozzle Number : 6 Channel, Extruder Speed
: 10 Level, Humidification 44.6%, non—Humidification 10.8%

Hu : Humidification, HutEx : Humidification and Exposure, Ex : Exposure, N.D. : No data
MMAD : Mass Median Aerodynamic Diameter, GM : Geometric Mean, GSD : Geometric Standard
Deviation

(E M-16)3F [ M-25]004 H=Hiel Zo] &} = 5k 7HET ok
(@) F7tollA= 100 mu|gh, E5] 7|stg+ 27171 26 me] YAt F2 &3
=elom, 100 mol 3] A= AY SR Lokeh ES, 75 SHHA]
TGS 7Hs5k= (b) 7740l A+ 100 mu]gE D 100 molAF9] YAF 4=
SE7F 37 F7keklem, 7hE ohAl g WAAA|NE 7Hs ok (o) At
A= 100 mu|9HY] YA & wE= A4S 100 molde] dA & ke
S7FetTt. ob&d, [I9 M-271014 B Hiel Zo] 7h5at ok AF9-de
100 m ©]9He] A} 4 =5 0] Bxw ) =2 219 301E 4 99, /HES
stHA HAAFAE 7heohe Fole 2719 A 4 5l Exr Z4S
gl 4= Sl

(E M-17>3} [Z1F M-26]°04 E=8te}t Zo] 100 mu|FF 2 100 mol4
Ag X9 49 7157 ohe (a) FoAE AQ S=HA] ggkor, 7]st
Bt 2717} 237 m9] YR 2 SAEJT B3 75E sHHA DAEAE
71F535H= (b) 7714 100 mme|9H 2 100 molAre] Aef Hrl= Z71s1qlon,
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( 3D ZZIEOM UMsk= ABSLILEEC EUSHAT(1)

1S BHA QI AR SR () FRHIAE 100 melsk 2 100 m
olate] At BEL S/i9th [1% M-281014 R uie} 2o] 71wt sl
A9l A% HEo| BEEL Molx gokov], l4g shuA ARAE
g AU 7H4S S B3 WA FEE A9 A% o]

EEEE HT S Eo

1.00E+06 ' ! .
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E: 8.00E+05 - : ! —e— 100 nm~1 um
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< b !

T 6.00E+05 - -

-] 1 1

= i i

= 4.00E+05 i i

=] i

> | !

e 2.00E+05 : (b) : (©

% i i

0.00E+00
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Measured time (hours)

[23 M-25] 7KE501%0 M2 Xt = sk Hsl
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( 3D ZZEOIM WHch= ABSLIL-=EC| SYU=EAT(1)

4000
3500 —s—Bofore
"“E —es—Humidification
—. 3000
g Expo sure{Humi)
E 2500 Exposure
& 2000
sl
2 1500
=
= 1000
=]
500
0 e R R S e
0 200 400 600 800 1000
Particle size (nm)
[O3 M-28] 7t&50{50 M2 HEF sx2o UXIZ7| 22
6) A4 4L HIA

Al ZRleh7] Aste] 447t =4

'L.
- o
ATk 74 BUYEHY ABL 5T 447 BT WS st 57
A = 59]

obibd WHE YT AW A AT 6AKF B F
{5 B 1357 Solr] wEo] BEAT 4 Shseing ekl Sisto

6AIZE o] AT

48



1.00E+06
—eo— =< 100 nm

8.00E+05

——100 nm~1 um

6.00E+05

4.00E+05

2.00E+05

dN/dlogDp (particles/mm’)

0.00E+00
000 112 2:24 336 448 600 7:12

Measured time (hours)

[O3 m-29] HAIZE LA UK} = S H3}

2.50E+03

—a—= 100 nm

2.00E+03

——100 nm-~ Tum

1.50E+03

1.00E+03

dMU/dlogDp (ug/m’)

5.00E+02

0.00E+00
0:00 112 224 3:36 448 600 712
Measured time (hours)

[28 I-30] BAIZH LAl 2 Sk #Hst

49



( 3D DRIE0IN LSt ABSLI-SZ0| SUSHAT(|)

—

S~
Y]

o

12 M-291014 utet o] 100 mulgke] PR 4 S W
Lol FA B, WIA F o do2 sl

l

Zéx

FAE G TS AR 100 mel 9] YA = s §5EE STkt
YA & oF 407 FHEE= FFeR leﬂ"*E}

[1% IM-30]001A E=xkel Zo] 100 mu|Rte] A s WS Al&shd
FEER WO STlota o, WA & oF 408 FHEEE= FFHo=R
FA = At 100 molde] A% e WS Aot G422 7ottt
TYAIZ & 108 oJUiFE HEHoE FAIEHS

1o}

ro o

g

2 >,

(E [M-18) ZA|ZH A ARt & s Y7 H|

Period | { 100 nn {100 nn~1 im Total CMD | GM(GSD) |Extruding time
(Day) | (#/ccm) (#/ccm) (#/ccm) (nm) (nm) (sec/cycle)

1 421,853.60 | 426,029.55 940,552.38 100.04 | 91.10(1.94) 49.31

2 | 400,287.22 | 424,193.63 | 921,044.72 | 101.02 | 91.94(1.95) 49.36

3 391,612.36 | 417,126.00 896,798.04 102.01 | 92.48(1.96) 49.58

4 373,405.18 | 406,283.12 864,454 .11 98.70 | 90.18(2.01) 50.97
Mean | 396,789.59 | 418,408.08 905,712.31 100.44 | 91.43(1.97) 49.81

Analysis equipment : SMPS(Scanning mode, measurement interval : 4 min ; number of measurements ;
112 times), Material : ABS filament(white color), Nozzle Diameter : 0.4 mn, Nozzle Temp. : 250C,
Generation Air : 30 LPM, Humidified Air : 10 LPM, Nozzle Number : 6 Channel, Extruder Speed
: 10 Level

CMD : Count Median Diameter, GM : Geometric Mean, GSD : Geometric Standard Deviation
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(E M-19) FAIZH LA 2Y 5= 2t H|L

Period | { 100 mm | 100 nm~1 (m Total MMAD | GM(GSD) |Extruding time
(Day) | (ug/m) (ug/m) (ug/ ) (nm) (m) (sec/cycle)

1 68.15 1,404.63 1,612.97 | 217.69 | 219.49(1.63) 49.31

2 64.10 1,423.16 1,630.27 | 220.12 | 221.44(1.62) 49.36

3 62.89 1,437 51 1,643.02 | 222.68 | 224.25(1.63) 49.58

4 60.66 1,416.25 1,616.17 | 262.71 | 252.84(1.63) 50.97
Mean | 63.95 1,420.14 1,625.61 | 228.30 | 229.50(1.63) 49.81

Analysis equipment : SMPS(Scanning mode, measurement interval @ 4 min ; number of measurements ;
112 times), Material : ABS filament(white color), Nozzle Diameter : 0.4 mn, Nozzle Temp. : 250,
Generation Air : 30 LPM, Humidified Air : 10 LPM, Nozzle Number : 6 Channel, Extruder Speed
210 Level

MMAD : Mass Median Aerodynamic Diameter, GM : Geometric Mean, GSD : Geometric Standard
Deviation

(E M-18)>3 [I7 M-31]o0A4 Evkel o] ¥A¥sts go| A&EE
AU A=E719 1 cycle AIZF2 oo™ 100 mHA|TF 2 100 mo|32] A=}
& Fr= TASHE FAEE B 7|51 B A7)+ 91.10~92.48 mE

(I M-193 [ M-32]004 B=Hieb Zo| WAy st= go] A
SHo) mah 4F FE719 1 cycle AR Eo1%2™ 100 mA¥F 2 100 mno]
3 AF sk AAste AFE B 7Isket ¥ 37]= A dol
A|&go] wet 219.49 mollA 252.84 m=E F7I5HRT.

Q.
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7) 5L v

(E I-2002 Y STHLE ST s 594 At SMPS=

SAE s=E vt Aotk Y FHHo R St 7I5HEAt s 2.34 mg/m’
oy, s AlZtte] SMPS= Z4H 7|5HEw sk 1.65 mg/m oAt

o]
AN L
gy FHFHY so] tigt SMPSZ £4H 5=+ 70.62% =0l 3Ath

(B [M-20) ZE STFHI} SMPS sk H|W

Filter Weight - @ SMPS - ®/®
No. Mean (ng/) Mean (ng/m) %)
1 2.15 1.63 75.68
2 2.11 1.63 77.15
3 2.51 1.65 65.80
4 2.37 1.65 69.65
5 2.54 1.67 65.76
6] 2.37 1.67 70.50
GM(GSD)* 2.34(1.08) 1.65(1.01) 70.62

GM(GSD)" : Geometric Mean(Geometric Standard Deviation)
Collected at the same time in the nose only chamber port

(# MI-21)2 ZH STHeE é?ﬁﬁ} Lol o] AJ7H
ELPIZ 243 2% L2 uy
= 3.82 mg/m|Jt. o] A 3t 71519
ol9lem, MMADE 0.24, GSD¥ 1.70191t}h. e
ELPIZ ZA% E& 47.91% FolAth
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( 3D ZEE{OA Lich= ABSLI-=EO SU=HAT(1)

(B I-21) ZE =2HHat ELPIQ] s H|W

Filter Weight - @ ELPI - ®/®
No.
3 3 0,
Mean (mg/m) Mean (mg/mf) (%)
*
GM(GSD) 3.82(1.11) 1.88(1.70) 47.91
*
GM(GSD) : Geometric Mean(Geometric Standard Deviation)
Collected at the same time in the nose only chamber port
(Measurement result of ELPI)
1. General information
Sampling Date 2022.10.20 | Equipment No. | KOS-203-4 Target Cone. :
(mg/L)
Smapling flow . . . N
(LPM) 10 Sampling time (min)| 213 mg/m"3 1.883
2. Table
Stage Size range (um)  Cut-off size (um)  Initial Mass (mg) Final Mass (mg) Mass (mg) Mass %  Cumulative Mass % Mass Probit
1 0.010 ~0.022 0.009919677 15.24 1524 0.000 0.000 0.000
2 0.022 ~ 0.042 0.022218011 15.41 15.41 0.000 0.000 0.000
3 0.042 ~ 0.080 0.040539610 15.48 15.56 0.080 1.995 0.000
4 0.080 ~ 0.140 0.072020830 15.75 15.96 0.210 5237 1.995 2.945
5 0.140 ~0.210 0.121346611 15.31 1622 0910 22.693 7.232 3.541
6 0.210 ~ 0.320 0.199587074 15.13 16.62 1.490 37.157 29.925 4.473
7 0.320 ~0.510 0.313737151 15.17 16.37 1.200 29.925 67.082 5.442
8 0.510 ~ 0.800 0.481367843 15.34 1542 0.080 1.995 97.007 6.882
9 0.800 ~ 1.300 0.758122681 15.56 15.59 0.030 0.748 99.002 7.327
10 1.300 ~2.000 1.248198702 14.99 15.00 0.010 0.249 99.750 7.807
11 2.000 ~ 3.300 2.016730027 15.33 15.33 0.000 0.000
12 3.300 ~ 5.500 3.012772809 15.27 1527 0.000 0.000
13 5.500 ~ 8.200 4.437431690 15.10 15.10 0.000 0.000
14 8.200 ~ 10.00 7.301766909 14.96 14.96 0.000 0.000
10 4.010 100.00
y = slope x + intercept (cumulative mass vs. mass probit) MMAD=10!(5-Intercept)/Slope)
GSD= 10((5.9944579-\ntercept)/SIope)/M MAD
Intercept 7.70
Slope 4.30 MMAD 0.236
Correl 0.99 GSD 1.7
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8) TVOCs &3

(B I-22)= 2 A 2 BReEY SUYH YFo|H TVOCs s&=&
7% dato|rt. "WRYAIZE 9] TVOCs B skof tHet B2 42.07 ppb,
Fds=% 60 ppboltt. 3D ZE tF TAAFA] 7HsAl9] A7 oA <

TVOCs &%+ 35.39 ppb, 5%+ 90 ppb, 3D ZHE t5 HAYAA]
7F5A19] HlRL-2E A4S TVOCs %= 51.79, HdisEE 100 ppb
o]t

(® Mm-22) TVOC sk Hlu

TVOC(ppb)
No.
Mean(SD) Max
Back ground 42.07(4.12) 60
In the generator 35.39(5.29) 90
In the Nose—only chamber 51.79(12.66) 100

Analysis equipment: MultiRae Pro, Measurement reference gas : Isobutylene, Measuring interval : 1 min

9) 4% 271 2 P

[ M-3312 3D ZE v AR oA A

S 28 2oz myslo

EnpAA AT A(TEM) .2 e A% 2719} 4 Fef Zafolet. YAt 271

A m ~ 5 m= HIsIA e, JxF FH= AA 343

5 T ol

EEAS. [O9 I-34]= 3D Z¥E ts TAGA A Tt =25

HRe2 FANe] wdmedlq AT U4 27 8
S~ 5 mE TFSlEon, A%t Wee oY # EE 2
Holth (39 -351 H440E H589S i 1Resy
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Abstract

In this study, the interlocking system between the 3D printer
multi-generating device and the nose-only exposed type inhalation

chamber was established.

By improving the 3D printer generating device, excellent airtightness
results 97.13% to 99.68% were obtained. In the nose-only exposed
inhalation chamber, the total air flow rate that can study supply air through
the laboratory animal respirator was 40 LPMs. Under this flow condition,
the air flow rate of the nozzle port at each stage of the nose-only
exposed type inhalation chamber consisting of six stages was constant
in the range of 10.1 to 1.03 LPMs.

An interlocking system between the 3D printer generator and the
nose-only exposed inhalation chamber was established, and experiment
were conducted according to the extruding speed of the nozzle, extruding
temperature, and ratio of the generator air flow rate to the dilution air

flow rate.

As the extruding speed of the nozzle increased, the particle number
and mass concentration increased, and as the extruding temperature
increased, the particle number and mass concentration increased. As
the flow rate ratio of 3D printer generator air and dilution air was
changed to 10:30, 20:20, 30:10, and 40:0, the particle number and

mass concentrations increased. Additionally, the mean CMD was 100.44 mm
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and mean MMAD was 228.30 nm.

In the 3D printer generation experiment, when humidification was not
performed, the average temperature inside the nose—only exposed type
inhalation chamber was 24.58C, and the average relative humidity was
5.72%. In the case of humidification, the average temperature inside
the nose—-only exposed type inhalation chamber was 24.04C, and the
average relative humidity was 43.63%. In the case of humidification, most
of the water particles had a size of less than 100 mm, and had a greater

effect on the particle number concentration than the mass concentration.

From about 40 min after the start of generation (3D printer multi-generator),
the particle number concentration and mass concentration were maintained
stably. The error ranges in the daily average value of the particle size
less than 100 nmm were 5.89 to 10.63% and 5.14 to 12.35%, respectively,
and the error ranges in the daily average value of the particle size of
100 nm or more were 1.82 to 2.90% and 10.9 to 1.22%, respectively.
Intraday stability and daily reproducibility satisfied the OECD TG Test
No. 412, 433, etc.

The geometric mean concentration measured by the filter weight
method was 2.34 mg/n’, and the geometric mean concentration measured
by SMPS at the same time was 1.65 mg/m’. The concentration measured
by SMPS against the concentration of the filter weight method was
70.62%. Additionally, the concentration measured by ELPI relative to

the concentration of the filter weight method was 47.91%.
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The average value of TVOCs generated from multiple (six) 3D printer
generator measured inside the nose-only exposed type inhalation
chamber was 51.79 ppb, and when this value was converted to indoor
air quality standard, it was 118.84 ug/m*, which is corresponded to about

the 30% level of the allowable standard.

Because of observing the particle size and shape with TEM, the
particle size was various from several nm to several um in aggregation.
As for the shape of the particles, overlapping plate—shaped polygonal
plates, elliptical shapes, feather shapes, and groups of beads were

observed.

As a result of the above research, and interlocking system between
the 3D printer multi—generating device and the nose-only exposed type
inhalation chamber was established, and meaningful results were derived
through experiments under various conditions. In addition, results were
obtained that satisfied the standards of temperature, relative humidity,
oxygen concentration, etc., which are environmental conditions of animal

experiments.

In the future, research using laboratory animals as 3D printer generators
will be promoted in earnest, and scientific basis data on 3D printing

generating materials will be accumulated and used for legal regulation.
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