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2) 3D ZEIE &l RollESZ2

Floyd et al.(2017) Fume emissions from a
low-cost 3-D printer with various filaments,
Journal of Occupational and Environmental

Hygiene, 14:7, 523-533

Generation rate (pug/min)

https://youtu.be/mcbHeYmJfoY
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2. (2022). FDM 3D &

zl = A= L dRII=eE
St AR E S| K], 32(2), 153-162.
ABS ZZtHEO| M= ABS 2XH2| EHEFX|(monomer) ¢l
2 20| g &fH| 50.5~59.1%2 HAZ=&|1,
HIMO| ME 2EFH| = 18.8~36.3%0]|C} O|2[0 =
dl, o 2, EFU, I =0| AEEICHTable 4).
D.2019)2| 70f| =™ AE[HIO] 1X}
=0|1, IEX} AFE(polymer chain)2| &35

2ot-m e AE|H S A (cumene)
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3. 3DZ 2R Qs 0|g8|
o

EE2| ZF, HEPA (dlm), @8, UFPs & VOO ZE S CHgfet 3R/t

StL| AHEStE Aol St HET DEHE AF23HA|7| HiEfLCh

TEE o] A8

=

=2|ZH TvOCs MAHEE  UFp HAHEE
g8 2 74k

FAN

Safety Booth®, 3DZZEHE LR +835i0f LHSIK 3DZET 752

g0 4o RAlEE0 R0 BELE AS NS F= HHE FELCL

Safety Booth 24|c

8. UFP (Ultra Fine Particle), 0| M ¥ x| - | x}2| X|-§0| 2,500 2.2 0|E{(um) 0|5}l #X|
9. VOC (Volatile Organic Compounds) ¥4 77|21 EH8 - HIE(BE )0 HOtM Of7| 322 g7 3¢
M EE 7MY RIS




ol

Il
M

1) & AMRA BHA0|A 3D Z2IE 23 HY 573
3D

(A tb'.*] 2012| 3D Z 27} 7ts k= AR A0 3-D Z2IHO|AM of 3m EO|Zl 22X H|O| S0 M
UFPs 5 VOCsE B7IStRACE 0.01~ 0.42 um HR2| UFPs2| =5 =2t YAt 7| ZE2 SMPSE AHESt
1,03 ~ 10 um HP|2| BA =&&2& OPSE O[ESIRULL PM25, TVOC, 2/8 %, CO2 &&= EVM &2
LH 2 ZE5IRALL VOCse| =582 17WklO““ Hotet =0, H=2 #W(Tedlar bag, 1022 &
J|E =Y, 24 =2t E3lls0| =2 PTR-TOF-MSE VOCsE dd, @8 M5t AUCt E3t 37|
= 0| M| A}HE ESPnano B 7| & 27| Model 100, ESPnano, Spokane, WA, US)E ZZXot = 3D ZZIH
W= YRl HE2t dE2S FAHAR0|E FAZMT|(TEM-EDS)E £45 QAL 3D ZEIE{ ol EetH
E= 29-d0| &Lt Y24 %l ABS(acrylonitrile butadiene styrene copolymer)0|1, 58 & 3-D &
2lE 2CHo| EHEtHE AR 22 212 102 g, 46 g O| ULt

3-D Z2IH 7t5 Y0t & UFPs =& =7F 371617| A& 2F 20,000 7H/cc(7HE 3,000 7H/cc) =
of =gt = /X 00|22 A7[9] YAt =5k Cta S7I5ts 40|1L PM25 5= S717F 2
E|X| FRLLY. i%o*tﬂol: OHHIEO*HIOIE Of3Zg el HM, EFA AEH & F2 VOC= 100
ppb DI2te| H2 s =2 HAZERULL 7| & FRUXE Furdxtein|gdez Mot Zut =2 9f 20
nm 27|2| ABS Lt QXtO|C} $HH 3D Z2IH 7H5 & 500 ppm MEQ CO2 5=, A S7 %1
1,515 ppm7tX| &53t1, B 876 ppm O| RULH.

[Z22] 3-D ZZ2IHO|AM ZE T8 VOCs2t ABS Lt A7 HHEE 2 o
tESQ ARY 2E0M= 0| RAEE0| &itE|n S E S8l 2717t £7| W&o 7|&EX & 7|
Et 2t40]| 8|3l UFPs, VOCs 2 & 5= 22 HO|QUC d2{Lt AMRA MA, 3D ZElH ALEE 27|
HEfO et sE= =2 = AUCH Eo Crdot YA EEO0| Z=ate(o /A Drolié 2712 YXtof| Hi
of LI XLl o2 O =282 st A SHH0lM OF B A7t 2a35ICh =0, 3-D &
2 HiZ= 20 Ciet =4 717t 0@ f5oH0 2 2ot B2 Qo0

B I

Al

2HQISHRACE ALt ME S=7t

o mjo

-||:|



]
2) AF2Al IS8 9 AHXIE 3D Z2IE{9| VOC HjS Kd

FFF(Fused Filament Fabrication) Z2IE{= 715 LHIM Ol AMRA S8 3 AH|XE 3D Z2IH 8§
o2, MU B7IL(AQS OABHAI7IE Fey JhAct KO[M YRHUFPI| BES BB S YHICL

S FQ FFF 3D Z2IE 0| $ES SHoE T HYesly| el N E Wi SAK O] HAE My
£ AHBSHY AlZE Zatof| 2 O[EX & 2|2Hd /7| 2et=(VOC) s & FE9I0t 3D Z2lH &=
E P E=2 7 |
=

of EMste o|ToX| Y R WE het =52 HAske7| SIg X|A
SherN QNS Olsfets Bl sttt

O] G 2167H2] JHE VOCS AlH5t0f 30 ZAE7H ALY B7|2 YEE 4 Us £
Afol SHYS WHMCE AL B7| U QI7H o= FBtO| T O|2i VOCS BT
Ol4f F WS £ vock TatME 2o 2 Chact WaHE el
MEBO|A SHOIZ|CE B VOC $E WL Balt|d YRS TaUEQ| F2 1 =
MEO| HP 1660ugh—10ICk = 2, TaHE K2, WAHHE HAUC, TRAE SWC, apHE A
A 25 VOC X AR WE| Y Olxic

T

In;

LY SHOIL} A= 222 LHX| AL o dEls E8 voco tish 712l =8 +Eut U =5 +=2
Hedt nd, 7 7HX| AU S—0AM HSEACE 25 = L7 otet 222 Roflet A4 S 2E

2 HE AUl T2 =00 A5 MEE 3D Z2lH 3 HelHES A5, Jtsth 49 =2

LE 2R EF0, D8 FHEO 2V 2|1, =2 H7IE ME0HY ke 5 it £

Ct.

(EX: Davis, A. Y., Zhang, Q, Wong, J. P, Weber, R. J., & Black, M. S. (2019). Characterization of
volatile organic compound emissions from consumer level material extrusion 3D printers. Building
and Environment, 160, 106209.)
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67. Waleed Ahmad, Eunseuk Park, Heehyeon Lee, J. Young Kim, B. Chan Kim, Jongsoo Jurng* and
Youngtak Oh*, Defective domain control of TiO, support in Pt/TiO, for room temperature
formaldehyde(HCHO) remediation, Applied Surface Science published on-line (2021) (SCIE,
6.182, 2.381%).

66. M. Kim, H. Jung, E. Park, J. Jurng, Performance of an air purifier using a MnOx/TiO, catalyst-
coated filter for the decomposition of aldehydes, VOCs and ozone, Building and Environment,
Volume 186, December 2020, 107247 (SCIE, 4.971, 2.612%).

62. M. Kim, E. Park, H. Jung, J. Jurng, Oxidation of gaseous formaldehyde with ozone over
MnOx/TiO2 catalysts at room temperature (25 °C), Powder technology, (2018, 3.230 SCI)

=2 8559 (T 207)

19. Apparatus for decomposing low concentration of volatile organic compounds by high flow (X
& VOCs Bi-50f 80|22 F7IHHWA), BS54, AUs, %24, ¥HY, AW, US
Patent 10245553, 2019-04-02 (Z& 15/224922, 2016-08-01) (FO4741)

18. Catalyst filter comprising nano metallic catalyst sprayed on the surface of support (Z0i=2
B2 0|23 AL VOC M ) MZ440), 204 2oM MHE XY U= S2E
6431879=, 2018-11-09 (Z& 2016-153956, 2016-08-04) (F04740)

17. Catalyst filter comprising nano metallic catalyst sprayed on the surface of support (Z0{Z& &
EE O|&¢t 4Ll vOC MAH &), &+40), dil=s, &24, oI, dTF, US Patent 9844767,
2017-12-19 (15/227001, 2016-08-03) (FO4739)
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- PMD( ) | SED|AFRIZ]
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DICISE 8E 7Layer SEEIE - PM10(10um) : DIARIX]
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6. AlE HE, Bx| Y Wy X

3D ZZ2IH & Al 2d5ts Roll7tA 74 24, 24 RolldE =8 AMEE, +87|¥
71827 HE22 d=t 8 ds& 8700, &7|8=7| 7444¢h R&D XA

* off 4ok
3D =gl 37| MEY 5 3 deE S 7o/t 24
- FOli7tA (VOGCs, HAM) 5, - RAli7ts d2 &4
- Fol 7/ —HA MM HAZ sE F7F A0t H| W
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Figure 2 Photograph of 1 m3 simulation chamber (polycarbonate) with a reactor



TVOC & QOzone
=53]

o023 A 33

Figure 3 (a) Air purifier prototype with a
TVOCs-Ozone analysis equipment




1

1T m3
simulation
chamber

Figure 3 3D printer and TVOC monitor in 1 m3 simulation chamber



1) 3D =Z2IEl VOC = EM

ttttttttttttt

IA3E 3D =2 80|= oI a2 L EE FEIC|A AE[TI(ABS), [ ELNPLA), ZE|HIEER
=2)(PVA), 1524 ZE2|AE[H(HIPS), LY E, OtZEZL|EE AE[H Of3 2 Y 0| E(ASA), 22|02 &l H|
o ZE2fO|E(PET) & & Lt mEIE =7} AL 2|0 QICH 3D =28 5 VOC HifE A0 =T
AE|H, ALY, OFN ELf &=, I 20| Et2, T4, SEtE, EFAU, =L 050, HEZS FEZ Z=Hd
=2|F X OtMELLS Zest0 FofE2 20| HiZE X AL E =2l =0 M2} CHECE

(1) 2 AXHof et vOC B2 |'HE 20| Cr=Ct,

HiE S| o|2{et Hol= CHE Qi Mz & S7|0f Qs WL 740 ACt4e O E =0 ABS
A2 Qlafer = ABS lxWHIQI a2 AE[HO| = 2HZHO|O, PLA Q2 AXHOA =
MMA(methyl methacrylate)2t EHEfOIE(Iactide 7t = HiE @E=HO|C}

2) €2 vOC Hi=0| Y =& +=F LA ZEHAHLE Z0HHCEH

|_

OlE =0{, Azimi et al.2] HATFO|M= 45m3 AFRH S0 B B2 2 AtESH= 3D ZEIE g5 &
& = AE|H(LET QN &R EE)O| 571 2F 150 ug m-30|ACk D 2 OMCE O] 0N O FEl
AE|H s Ol AFEX| Q| B s 2L 2 20H] Of =20, Ol =2 22 Y-S A|ALSHCL
Yunet al. 572| FFF 3D Z2IE A0 AM M E 14742l vOC TS FEI}H 1 5 #id U EZZE
ZOEHHAT HASEHE X)) s== 242 0.52, 0.09 ppbO|Ct. 55 ¥ s 2tE 0|2t 3ta 2
7|2t 2R s T = AL Afsharmohajer et al. Binder Jetting 3D Z2IE{O| A & 3|2
271 StetE(TVOC) s =& -t A1t X[ 1725 ug m-30| LIEFGCE Ol S8 |39 2td A
2~ (Environment Institute of European Commission)Of|A] A& St MU & &otS Z=1tet Z40|Ct
Mo 2 3D Z2I8 IPF0AM CHEe| =4 Sl &t voC7t =2 = o, 22 = HE AU

LIRS
TS Z1petht
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2) 3D RIS HYE TVOC AIAIZH 5 2T} .
Total VOC
800
700
600
500
i)
Y
O 400
o)
4
|—
300
200
100
0
0 0.5 1 1.5 2 25 3 35 4 45
Time (hr)

(TVOC A7 5 22.8.31)

A& AIZH A(Time = 0) TVOC (Hid) == 275 ppb

—_

2E{ 60 min 7HS & M L} TVOC SE= 386 ppb, 230 min & 745 ppb 7HX| (2 470 ppb) At



3) 3D Z2IE HjE TVOC AAIZH X 1} A ey O

1T m3 A LHO|A 3D ZE2IHE 7tSoBAM 2AIZteZ 588t TVOC s& 578 Zut= H=1F 20

(1) A& ALY TVOC i Z s 5= BZ0| 31, CH2F 200 ~ 600 ppb $=Z0f| Z3tCt.

=0 =
[h2tA M o] TVOC 57t 0[]0 E2 BoB s,
Ol M= 2f 300 ppb O|5tZ P37t £ =5 of £ & 2
MY A|ZHA|Q] MH L} TVOC s=& 2 280 ppb =Z0AM HE2 AIZSIGILE
L

(2) 3DEEIH 7t & TVOC s = A|7ZF 1t ALES
Ol Ad A=l Al oA E AUtE 2k 35A|7H2108) & MH L} TVOC s&
A

O M -

3) HEF XNe2|ZX |2l TVOC M| 4542 TVOC sk 2F 700 ppbof| A






3) CHE VOC Styrene 3 2M Z7} U 3 _Kd

250
Styrene (2 E}O] ) (VOC MEd, 22.8.31)

200

150 “. /

)
o
=
[ =
S
T 100
€
[<}]
e
=]
(@)
50
0o *
0 0.5 1 15 2 2.5 3 3.5 4 4.5
Time (hr)
CHAH AXH QI ABSOIlA] BHEE|= CHEX VOCE AEHO| &l (styrene)= M8t s A5t o
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Figure 4 Experiments to treat harmful substances emitted from 3D printers
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TD-GC/MS Analytical Report

Analysis of VOCs

14 October, 2022



Comparison of chromatograms for samples and a blank
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Control | 3D 2h1 | 3D 2h2 | 3D 3h1 [ 3D Stop K] 1
2) VOCS %E No Compound 0 2 3 3.88 4 '-li'«*-‘:«::fS

1 Chloroform 0 0 0 0 0
2 1,2-dichloroethane 0 0 0 0 0
3 1,1,1-trichloroethane 0 0 0 0 0
4 Benzene 0 6.3 5.8 34 8.6
5 Carbon Tetrachloride 0 0 0 0 0
6 1,2-dichloropropane 0 0 0 0 0
7 Trichloroethylene 0 0 0 0 0
8 Cis-1,3-Dichloropropene 0 0 0 0 0
9 | Trans-1,3-Dichloropropene 0 0 0 0 0
10 1,1,2-trichloroethane 0 0 0 0 0
11 Toluene 564.8 92.5 96.3 32.7 126.7
12 1,2-dibromoethane 0 0 0 0 0
13 Tetrachloroethylene 0 0 0 0 0
14 Chlorobenzene 0 0 0 0 0
15 Ethylbenzene 43.2 136.7 123.3 32.4 27.9
16 m,p-Xylene 272.8 98.3 98.3 117 112
17 Styrene 4.6 145.7 183.3 197.2 49
18 o-Xylene 514 53.6 51.3 18.7 15.6
19 Toluene, m-ethyl- 30 2.5 6.8 8 8.1
20 1,3,5-Trimethylbenzene 26.1 115.3 131.9 376.3 206.5
21 1,2,4-Trimethylbenzene 126.1 10.3 12.3 22.9 18.2
22 1,3-dichlorobenzene 0 0 0 0 0
23 1,4-dichlorobenzene 0 0 0 0 0
24 1,2-dichlorobenzene 0 0 0 0 0
25 1,2,4-Trichlorobenzene 0 0 0 0 0
26 | Hexachloro-1,3-Butadiene 0 0 0 0 0

>26 compounds 1150.8 | 1474.7 | 1374.7 | 1849.3 | 918.1
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