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Hazard Analysis Methodology for Water Crossing Gas Pipeline
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Development of Risk Analysis System based on RiskMAP
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A Development of Risk Gradation System
based on Worker Location Sensing in Chemical Plant
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Analysis of Vulnerable Position and Influence Factors for
Prevention of Accidents in Industrial Valves
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Development of piercing Technology for High—pressure
Gas cylinder not explicitly described
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A Study on Development and Application of the open/close Valve
for High Pressure Gas Plastics piping systems
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Flashback arrestor protect workers when using flammable gases
and oxygen

KIM JONGIK
SEHWA HIGHTECH CO.LTD

T o alﬁmﬁm
Z o fjo o
R T A
TrEN
oo Xy
Ei‘?‘lii‘ﬂ;
S
o I g & &
A
K
o
>
o
e
N
olr
_OL
v
kl
i pot

N
olr
_&'L_Il
=)
A7
o
rif
o
i
"
)
_OL
2

Aol erdl
£ o™ aAskAsk LPGrR=ow 8pgA7] Abgol o Ratso] Qrk. o

719 Qelg A nFska AdAGAe Th Ak e S8 QshgAs] A
RE Jfyzte R Abad S HE301E AE] A8 AgHAT

I og@

3

o X,




A109 7tAQHH(1)

2~ [e]
g - &2 -
2

= - AZA - ZAA
SAE ZFaATR

A Method to Improve the Safety of Cryogenic Mobile
Gas Supply System
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Comparison of Domestic and Overseas Gas Boiler
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Study for the modelling method of ethylene oxide being
discharged to atmosphere from pressure safety valves
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Hazardous Area Classification & Fire Risk assessment of
Expanded Poly Styrene Process in Electric Company
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A Study on the Selection of Improved Basic Neutralizer for
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Experimental Study on the Fitness and Activity Evaluation
of Gas Masks
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Development of Mask Filter and Mask Production Technology for
Toxic Gas Adsorption Against Disaster

Y.S. Kim!", P.K. Park!, H.S. Ro? T.H. Kim? Y.H. Park*
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Comparison of Maximum eat Release Rates in Open
and Compartment Fires
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Comparison Mean Flame Height of Pool Fire according to FDS Version
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A Study on Investigation of Thermal Performance Properties of
Limited and Reusable Chemical Protective Clothing
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TCorresponding autor: pkpark@sancheong.com
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A Study on the Flame Resistance of Heat Resistant Fiber with
Excellent LOI

P.K. Park’ - Y.S. Kim - B.S Yoon + H.S. Ro.
SanCheong Co.', Ltd., FILK?
*Corresponding autor: pkpark@sancheong.com
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A Study on the Necessity of Introduction of Integral Fire &
Smoke Damper for Air Duct and Ventilation Duct

Choi Kyuchool” - Lim Taesep™ - Song Sengbem™
*Tongwon University » *ABelimo Seoul Co.

"Corresponding author: kihm@kihm.org
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Mobile application for harmful chemicals leak respond
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Korea Research Institute of Chemical Technology
*Corresponding author: hkjin@krict.re.kr

oy s falgtetEd vE A IS F487] Y93 g ARE 2ud o] Z g Ao A(o]
s mupdioz 7|AEH) EER AESA AFsts 7w @ Folth B v A=
EZuld gl RE FEH 3 AR} FRARE JHsd, doly wo]xFe} fasstE
A FEUSAE AMETE 294 23 g As AE 2@ FEUSUHES A&
. FAH R AESe], oA Buld g RES T HAEgIAA Aoz, shetE
of tigh A 2e] FF3 WAFdae} s FalgsEd 7 A 2T e ag8¥o=
S 4= 3, o ug FeFEEE FEE A3 JlE HihFsta, FUEY Eorps
ARAANZA 5 e 783 a5 AlFstaa s

B 27 mepdglel dagd 2 dHdEE =ol7] fste] AR HE AN, A
SEZAA E Eutd el #AS THAA AL 74, BEAERS AjrE] FAH ol& HHed st
Hoh MAE Eupd s 20199 AHE INAZEY O Z Bad Ag et

ofgtell & 7zl M AR BEukdq) e FHSE AR EARH(E 34 1000 kg ©f ¢
=90 7] 5 %7} 150 ppm ©o]3 7] Lx7F 15C 4 A9)

¢ HYDROFLUORICACID =% @ < HyDROFLUORICACD  #f | € HYDROFLUORICACD %

~2EYY a o L e ‘ | L
| Hydrogen Fluoride x | i e
wauN | s-Ewen 7134 s
IR () .
B &2 32|
© =9

(1 > J é Q oug
s = ofei7| 25t WR(2|40/27))
FESE AHESM
2% (om) = Sa - EHILIES : 2648.4kg UBH YR (2012
[1 50 ] = - SEHILIEE $ 4198.4kg - &, D22, 2, 3x, 7§}

B K - MSi2t# 1 1401.3kg u[7}214 22 1 10000.0kg
5% (o) - #0381zt 1 1851.3kg

=4 83z _ e 33t
[1 000| j o454

U4H7 S8 AT (2|40122)

n - 2 LRY(320/2) - SHILIES : 2648.4k
| sasiete wacigwn T | va ~£:1010.1kg SSULER 1B i
- A8l 1 1401.3kg
D |




ALO3

-
<0
ulr
20
I —
1l o )
<0 i @ ﬂﬁ%y
4 S 2 ﬁ%ioa
= O 9 ?E?;iﬂu
<0 o D < XO Hod% fo
- (s &) 2 eg;iﬂr. zlo
i g nm e.w dhﬂuw_mxﬁgau% BT
G o 33 25 MWWE»@%%Mng
N_qu— ﬂ_DH .PIUO r.w po_x \n_ﬂnom_Aﬁ ‘DI:A .mMOOO
= Q o 5 oZzoA; ﬂ_pvioliloolﬂ/ﬂ_g
ofp c 2 SR — g Lo1+ua mAmo,
_Aﬁ — — ~ J|HE O‘m_l‘mlﬂo,l_l L 1}6
o X y..n_lu. .mﬂak XLzTAmW_HO_ A¢7A0Lwﬂﬂ;mu,ol Wﬂ__ﬂ
. [l - S = ]] -
ol g .NM 252 %EOWMEOMWA#RMM& ,%% = X
5 o = TE 7 Taayubﬁ sullﬁ%h%? N
| c < = G Y T ° G Qﬁ7
- s £ mN@ :Aaumﬂ}e@bﬁzw% ahﬂﬂo
5 ﬂuML MS - mmm ﬂoﬁl¢0Lm_oﬂbufuTAn26Toﬂ%LwTiﬁ Lm%@ﬂ%;s
% o [l .mmm.a aoakodu.no %Neéo .i]ﬁ +urméi MLLomou
3 () T Kasm lwﬂiiilﬂa%qnbo iew\ﬂ. uuobwﬂ;ui
7ol %o mh thm }_LELﬂx LiTémM%Eua,% o 2 & 3
. 4 _.nIU ﬁlhk ~ ,oT.fL Qvﬂ LE_.Qunzn ,S,mumu,mlé chj.oﬂw_m
o) br.l ua.. —_— ﬂ.HLl,omn_mJ.‘H_mmo‘l v ;,lorﬂoaoﬁﬂﬁu OMEA,|7
i o g £ EEE Tﬂﬂimif& o E 5
U o S Ss.cm M%ﬂu}ttmou;oﬂﬂ;ﬂo}? mwmﬂaw;u
Al R = B wa maﬁ%m%%iwi>%ﬂ%ﬂ%o WMﬁuz
i = O momg 7.@%?1% Mé1r34§%11k xxﬂx
Ao m n %f.m _ o X Wmaéﬂﬂoo7£%hoouudnaTmaidL,_
1 : 8¢ 5 £ . %Eeo ~ H72 S o X T o
ur o £ o mf:glo)akmofnufﬂkf 5&%% ?oga;
M ol .nbr mOD ~ toLoEr AoE}ﬂU ! Mmo# ]mOL
T 2 @ o2 ¢ zgimﬂgﬂmﬁ6@ax%5gubau L
H h D %cr urLUr]o m«}x(moO.L Muﬁ Zﬂﬁ qu du;&
= esm = MEE 171& A;E — qf;omﬂkﬂ
o S g o xﬂﬂo%%uxﬁxﬂno imo:ov_uoLe S 1
o . S o E 4 o2 Nrﬁ#_ M Aﬂﬂvfx_.foeh%roﬂuo
: M@%MRM4w&o%awﬂ%&%ng%aqo
r ° - i T
ﬂw EﬂoA&Dmﬂwaq&EﬁLﬂﬁ MWZOan WEzoWuﬂlﬁrWA
= Loﬂl])l Nr?%ﬂiomﬂqﬂ,o mag]eq_z? OﬁoAse
c3 N o_/Mmao Mémm ﬂ%ﬂ% ouAl_,Tﬂ.LO\ O
o 1rMﬂ4 _H ﬂw, ﬂll7,._o ,AOEI 1rL ﬂlnm
ST@M%ﬂzhbwAzﬂﬂngt%}@aé
caﬂguov%xo_uwﬂﬂlwhu wr@ﬂ, MB&ZE&Q
%ﬂoﬁmoﬁ 5% X uauuﬂm Ht,&umﬂﬁmﬂﬂg
DTAT@ﬁ%ﬂ]@% SO ﬂﬁcfwevmmuemﬁ&SMu -
moﬁ z?ﬂﬂ]flﬂgnﬂl‘_ﬂm*liiﬂﬁuzoﬂLI_PTHX_HOLA.AHﬁ
%@%@wgmgw@¢oggg$4@4ﬂiﬁw
ﬁ?ﬂa%&umATonxnmoﬁogouoidnio aoﬂoﬂﬁ
ﬂArooL,mlLHEm.lmmoﬂwlloLATﬂL‘mﬂOﬂO\) ,OIA‘* EA
e = g% 1%1h; BN -
B EJVZE o_xl arm%] cLu
= ae%wiﬂo1ﬂqmmwkﬁﬂw%
qMMEQWM%Q%%QohyH%XW
= | / ﬂ wﬂ ,tOH ‘O|L
ﬂoiowﬁdlfﬂrﬁ;%gﬁm%mﬂaﬂrﬂﬁmﬂo@
xf%i o émﬁ\mmiu 70
,A]HWGZ‘.* e_/,l‘../l;o HEﬂb
OE Jl‘u.%yr_lrlﬁ Oﬁ
% e 4%4?%
‘.m—l‘l W wA_I 7%7
=T ﬂuf] 1,%
ﬂﬂT VLP@
mn\dug;o‘lﬁﬁ
_ﬂu;oLL:
4 mmo;oL,Ll
zgn%
HOW;OH
i

~19) -
-6)

¥

<
A6~12)
-2



" ALO4 QHHZYAH / OHM S

4SS gtmuijol Bl E S8 ZLII 2ot 37| B AP
AAE
gH=rRMC

Annual Conference of the KIHM : A Study on the Amount of
Explosion and Overpressure Size through the Analysis of an Explosion
Case at Ammonia Refrigeration Facilities

KIM JI HOON'
Korea RMC
*Corresponding author: kidsmurf@naver.com

PRl 7has raEE Aeel 5A7ERA w9 A, FE, =
A HE = g oda ThAATReE A 9“’011 ?6}1 TEA AFA
TEolHE Ty fAl AR - lef ALS] kA ERAS
k2ol vekel AH O of
Bt ARE A= 7}X11 sath. —Lefuh 20149 2

]Uﬂxq

bl
_]
1

= 2
N

19
=
o

S

N

XS
g

N
R 0 e 2
£y
rlr
_O‘L”m o
o ¥2 of ox &

e iﬂ
2
il

o

Y
BN
>

s
2,
.
o
=
N
-~

>
il

Ded
=

ofo
ol

)

e

td
L

(03

=
N

_H

>.,

N

-~
Hd
o &= T
.
PN'

Pr'l

OII
2

Ir

>
=
£
N
-~
ik

o

ot
Tl ghmijel el rd D S B dlEdozy ded 949 guy
of Ew YA Yate] HalshA HAL F, Rl shat Frlun MY FE

1

ob
7 o]
HAstl . oj7] To= HA 5143101 ZHH S YA 7t OPWUP Ao = A $7]7F

[e) ul-

B AFE lAes G4 FEHAE skl Aol EAste 4§ FHdo]
48 & sle 2ol 249 Rs,
mebA olgdo® =&Y UEL® LEL Fawisle] oid 2t84e] 2718 PHAST 222
Hoz PFate] Grulol shae] FEF wle] W AXYTA EYA 2w AR o
@ MY DA AT AU vswstel A5 S Bah A4 Al Guilel o)
o Fuere selskg




 A4LOS QHHZYAH / OHM S

A Study on the Changing Fire Characteristics by Wind—driven fire

*

Sung-Min Hyeon': Young-Byeong Lee® - Jea-Sung Ahn™ - Sang-Yeol Lee*

"Seoul Dong-jak Fire Station, *Fire & Disester HQ, **Gang-dong Fire Station,
x*kx*Gang-nam Fire Station
TCorresponding author: condolre@seoul.go,kr

The ultimate purpose of the fire investigation is to analyze the combustion conditions
of the machinery and electrical equipment and the combustible environment collectively.
Which leads to minimizing damage to personnel property and materials by contributing to
the strategic development of fire prevention data and firefighting activities. To achieve
this purpose, the fire inspector needs have a good understanding of fire occurrence or
growth and being able to determine the exact source and Origin of the fire.

In order to find the cause of ignition at the fire scene, the fire investigator predicted
the initial ignition point, and research on the burning traces has been continuing until
now. However, these burning traces are difficult to accurately determine the direction of
combustion because the fire grows and goes through the flash over, etc., and the
combustion is enlarged to the ignition Room and the adjacent Room.

As a result of repeated experiments, it was found that the generation of Wind-driven
fire was caused by natural factors and digestive water. Wind-driven fire was confirmed
that the combustion range was expanded by pushing the heat and combustible gas to
increase the heat release rate of the ignition chamber and to promote the fire growth.

Wind-driven fire was also confirmed that the burning traces were Changed due to fire
investigator having to assume could lead to mistakes of ignition point if the
understanding of the 'Wind-driven fire' is not sufficient. Therefore, This study hope that
many fire investigators will understand the growth and traces of fire caused by
'Wind-driven fire' and observe the fire scene more in detail, so that the fire detection
point can be scientifically and accurately determined.

Keywords : Wind—-driven fire, Wind control, Natural factors, Digestive water
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Regulation improvement of flammable solids for reducing of
dust fire and explosion accidents

Ou-Sup HAN'
Occupational Safety & Health Research Institute, KOSHA
#339-30, Expo-ro, Yuseong-gu, Deajeon 305-380, Korea
wkCorresponding author : hanpaule@kosha.or.kr
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Pyrolysis Behavior of Polymer (Nylon 66) contained Flame-retardant
—agents_Modeling based on Thermo and Kinetic Reaction

kyungok Kwon'

Jeonju University
"Corresponding author: kokwon@jj.ac.kr
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reaction mechanism for thermal decomposition of a polymer containing reactive flame retardant,
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A Case Study on the Investigation of Cause of Hazardous
Material Accident by Risk Assessment Analysis Method
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A Study on Fire Safety Measures through Analysis of
Large—scale Fire Case

Yong-Jae Lee

Dept. of Fire Safety Management, Kyungmin Univ
"Corresponding author: viplyj@naver.com
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A Study on Overpressure Damage According to TNT Equivalence

of Cargo Handled in Ulsan Port

Jeong—Min Cha
Dept. of Fire Safety Management, Kyungbuk Univ.
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¥

A=,

wl
BN

e

5]

3t 9]

’

A

il

—_
fiie)

;T

Ao

FN S MW s T o wy
Go U o of ®oof U BT
WWEANET ST L FNTT
CITEEBI LT E N o
of 8l & KH 3 HELI.LIH_AH_L B3
R N SR &
y]ﬂoﬂﬁm:oﬂﬂl w_z E]Llﬁll
0 Q OfF o X ﬂAlJ: N
xSy wHE=Tq
TR g zvgl%sﬂﬂw
~ —_— _~ 0 ‘;Iopﬂ
_/L ZM.O_/ QO\_ TR T ‘zrl
— 7 o PN —_
71%3&%4 T MaT
go»ﬂ,OlmoﬂlLMl ;O]LEE‘._,NIO_EﬁE
]_lﬂ 1_|_ - 0 Y
FETgr LT REITLN
s TR BLOT o=
%%%ﬂiﬂﬂ T oA HE
oo o o E W
—_ n_..PL.o_ ™ 90 =~
i o 50 0 ~ B =N
_Z#.E._O‘_mﬂ _Oﬂ_” ;OE“UEU Oﬂro‘ml
wol L ETET gy
il — —_
]50%1%8&4,1_11@ 17 Eoiw
g Nme P m | MEh o L
T o E e BT ow ™
~— < 0 qeﬂ 7o = & X
Wi&@W%ﬂ @WWE%M
REBR e wEwE )
o m ® M up ok 2 =
o R gyt % T o X
Nd ol o B 2w o = %O
TN Yooy gy o
o W e B B OB
o Jo I R G
EWﬂqeﬁﬁﬂﬂ%mE%%
— ﬂ ;oo HT._ . ﬂmE 0 ~ ﬂWO
m_m%wﬂ%o» T ,Af%ux%
S SETEEEE LN
au]%ﬂmﬂuraoiﬂﬂae_s B
NN = "D =0 oF 1
TE O IRE Mk PN w
o T @ﬂwﬂ%%%ﬂ@%
RO ol
iommioueﬁl_rurﬂxﬂl =N
FHRTORT _THRNT Ly w
WRpPENTHETHETDT
TN To < IFRRET




A411

o

ol
el

A study on the NCS base management plan hazardous material

safety management courses
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SeongHo Hyun - JeongMin Cha

Dept. of Fire safety Management, Kyungmin Univ.
“‘Dept. of Fire Safety Management, Kyungbuk Univ.
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Status of Domestic Medical Response Education Program for
Disasters Including Chemical Accidents

Soon-Joo Wang' - Hakyin Yu - Seunghye Lee

Hallym University
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Psychological effects of a disastrous hydrogen fluoride spillage
on the local community
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Looking for way how to contribute for industry safety management
through strenghten the capabilities of emergency medical technician

Jeongmi Ju
Department of Emergency Medical Technology, Gimhae College
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Annual Conference of the KIHM : Triage and management for chemical
disaster caused by leakage of chemicals in the industrial fields

Ji Ho Ryu
School of medicine, Pusan national university
"Corresponding author: pnuyhem@gmail.com
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Extracorporeal Removal of Toxic Chemicals with Continuous
Renal Replacement Therapy

Jinwoo Jeong*
Department of Emergency Medicine, College of Medicine, Dong—A University
TCorresponding author: jinwoo@dau.ac.kr

T5 244 =E2HUS wo Amve A €9 AFE FASH] g REAR] AR, 54
Edo F4E AAANZ7] 9% A5, 54 249 AE 7o wE smA Am, 183 A
9] S HXIA717] 9% A8 ol £FHY. o] FolA Ale mAaES HIANTIE AE=
ANTEA S FAgi{, dFusgte, 254 AldA] Axm 5o Eﬂﬂ‘:} A &4 AgA A=
(continuous renal replacement therapy; CRRT)= EdE A= A 7|HA ity o3
o] dgel o wmHEolY 54 Ed & AASE A =olth CRRT;— A& FAFA
Hlgl] FA M o] frdro] =g]7] wiZo] A|AEo] AR o} g4 FTHAA 4 24E
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i, gdejstdow & NFA o] &

A At Al HAF delA AAE 5 ke H dted
| A= &85 3l

[Sdl]

444 AR7E A A s, A, FER SFAE St 94 EnEigle .
=3¢t 80/40 mmHg, W9k 1283, & 303, A& 37.7CY9t. 34 dF ==& Jalsta
CRRT A=5E AlFellon, Hx dF 2F ¥ 6 mmol/L oJAle] A Aoz o]Fo] g
?lE]EiD}. 39A| Sl TdFEA glFwe d%F F%7F 1.0 mmol/L °ldt= X% o] CRRTE

stk dF #HE TEE ANEE ZASIS W dAAIATAS mEs Jow g9l
.fquz A 39 B4 A A AASG £=0.10, ¥H7]1= 6,947 2 e g Ee ®
iAo} Ales 1 PS Wl A E(clearance) 74.1-95.3 mL/min &2 FAlslon, A

AR HAFEA ] gE FAEo] 106.9 mL/mine = Hig Ay vl of CRRT gk 4
93§58 AA 5HS AL A8 FAT 5 A
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Experience of earthqguakes and Healthcare response system in
Gyeongbuk Provance(Gyeongju and Pohang area)
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Dongguk University, School of Medicine, Emergency Medicine
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Occupational exposure cases and management status
of chemical substances

Seong-yong Yoon
Department of Emergency Medicine and Environmental Health Center
The department of occupational and environmental medicine,
Soonchunhyang university Gumi Hospital
TCorresponding author: justicebear@hanmail.net
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Development of Emergency Medical Information Providing

System to Chemical Accident in Korea

- Seunghye Lee - Hakyin Yu - Juok Park - Jeong—Ah Lee - Hang—-Ah Park

¥

Soon-Joo Wang

Hallym University

Corresponding author: erwsj@ichol.com

¥

o M o B o) W
ﬁoﬂolﬂztm XM
o — .
ﬂmL_zXTU,ﬂ%WTH

ST
Py dE® %
o s 0% o)
%%ﬂﬂﬂr%
< —
—_ d.ﬂ]_OOdn
ol 0 B 5
= K »AO
T TEE
mﬁevuﬂﬁuﬁ:r
S
o) ©
R T
= Ao X
=
gy X o )
% q_dﬂWEOt
Oﬁlﬂﬂ/_ﬂ_ ’_,AE}W
o W A o H P
@ﬂ%%i%
D L A
%%%ﬂﬂ%%
== ~
;oo_l\l_lﬂﬁa‘l
BN oy o 9
B g r Mo <O
o) 0 oy Njo
e o
LN )
oowﬂﬂﬁﬁﬂow
]ﬂ}umﬂ_,_;o
%Aﬂﬂﬂfﬂﬁwﬁﬁ
il
Mno#omuWﬂL.wwﬁ
M I T
Tpsad
S A %
T ol X o T
N 9% " o

T
1]
Pt

2}
)
o

wel 3t

9|
3]

T
o K] o Ne

bl arobugie}.
A
i
o}

7k lem A

kel o

X =5
W S e
o T o) Mo

SHALAL A
9 g

3}

og AR

2]

| =dlel=

o




A601

ol
1=
__o_=._
Ok
=
%0
7ol
R
R0 ©
) 1ol
oo ™
o T
o X7
\w jifd
SRS
8¢
s
+— 1
S i
- &
g 10
II O
~
T
IR
Kk
4
=l
1=

A analysis study on Polycyclicaromatichydrocarbons(PAHS) in

used oil of KCG’ vessel using CEN methodology

- Man Jung Kim
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Korea Coast Guard Academy and Korea Coast Guard Research Center
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The Analysis study on hazardous particles such as coal
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Study on Safety of the LNG Fuelled Vessel

Jaeshik Jang - Chunghoon Park
Korean Register of Shipping

22471 wE S wel A st dAbo] HA AgsiAar o, olo] wel s gl A
T 7] LEEA HES F0]7] Yste] UN Akst AIA | FIMO)E T o2 Auke] ozl
o 5] WAIstE NOx, SOx, CO2, PM(Particulate Matter)S Zo]7] 93 tjekst 1412 A

sta glow, ofefd JrAlE w5at] A% HA W T SuE FAY A8 LNGE AHE
3= LNG ARF34ue] 27 A2 .
LNGE HAe &=7F ¢F -163C o|m& HFA nEe] hdxx7 Qs B 7pa
TEAC TR SA/EEE ojofd 4= 7] wiiel Huel dEE FelE 71E
b IMOl A = o2 gk LNG dAmF2ldute] gk kS :
Code(7}=A B dute] qbdel tha =4l s=)S 201561 A est
LNG lm5Fz4dute] S8 Advle 53 2ol A7 47H4] %

ol
20
N

A, LING HAHA = A == Ao ING 333X 25E LNG du5FxAuk LNG
= F9 we Aujol, o] Mul= T2 o]F @ (Double wall pipe), B2 (ESD), =
NE T2, A15AAR YA SH(QCDO), HAEIASZSH, FAFd o2 FAHT

A, ING A8 as= A kel IGF Code 7|50l we} SHIHI(HAA, 4B 2 §
21C0) v WHEgAyart AbgEth LNG A8 AE -163TC9] 2% AdSF Jde 54
A = Fzolojok sl Ao dHdY Fito] wel A3 WAdFd e g sto]of gk}

AR ING AaFHZAA s 2429 dAAH LNGE o nz2 AFEE 4= JES A2

AT FAA = 14BE, 4571, 7187] T2 FA4dn

JA, LNG x4

dgow A F Ade o]TAR(Duel fueDdo] F& ALGHT o]FARANL AL
Cycle®] ztolel] wet tjaAfo] I3 L EAR]| S & AMEShs dh e R v2d 4 At

ol#g LNG dsFxlante] Wrgdn], A4, dssr gz 5 <Azl hddd 8=
flste] IGF Codex= $194%7F &38|, 7h=gA], Wsh, aspdv], 91979, AIEgAa84
ol e FHedS rAdsta glem, ol wEh HAx¥ LNG AsFxANE A2
A= AaAeH 2aolate 79 Ao s YgiEt




A701 Cerely AEwE

ststatndiFe| otHel i3S flet SEXIF A A <2
FHdehobol| ook o+

A Study of Incident Command System For Effective Response
to Chemical Accident
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Measurement of Fire and Explosion Characteristics of Tetralin
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Experimental Study on the Effect of Tunnel and Shaft Area Ratio on
the Plug—holing Phenomena in Shallow Underground Tunnels
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Comparison of toxic risk assessment
by changing of SCR reducing agents in power generation facilities
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A Development of Accident Likelihood Index
using Management Factor
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Application of Virtual Reality Technology in
Chemical Accident Response Training

Bokyeong Kim + KIM MIN SUN - YOON YI - Hwnag, Seung-Ryul’
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A Study on Development of Response Training Scenario for
each Type of Chemical Accident based on Virtual Reality
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Annual Conference of the KIHM : Scenario Development for
Chemical Terrorism Response Training Simulator
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Develop of Virtual Reality Program by the type of Terrorism and
Material Leakage in Chemical Facilities
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CFD Analysis of Leak and dispersion in Chemical accident for
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A Study on Airport Safety Activities to Counterattack Bombs
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A Study on the Fire Prediction and the Development of the
Real Fire Response Platform through Analysis of the Fire Situation
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Gachon University
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A Study on the Development of Disaster Management Platform
Through fire situation analysis
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A Study on Fire and Disaster Situation Propagation System in
Urban City Buildings
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The research is about the fire hydrant monitoring Sys' though
Machine learning technology of BigData

Kim, Kwang-Kook * Kim, Yun-Sang - Kim, Yong-Han - Min, Se-Hong*"
KMS Co.,Ltd. Gachon University
"Corresponding author: shmin@gachon.ac.kr
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Data—driven artificial intelligence to predict local fire and
optimize response information

Hong, Seok Young - Min, Se-Hong® - Cho, Sung Hyun - Jang, Kyo Jin - Moon, II'
Yonsei University « “‘Gachon University

TCorresponding author: hsyoung224@yonsei.ac.kr
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Development of Type 4 Composite Pressure Vessel by using
PET Liner for Self-contained breathing apparatus

Sungmin Cho * Gyeong Gil Roh * Jiwoong Yeom -
Jongsam Moon - Seungkuk Lee’

Institute of Gas Safety R&D, Korea Gas Safety Corporation
TCorresponding author: 1sk@kgs.or.kr
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Evaluation of insulation performance of
IMO Type C LNG fuel tank with vacuum insulation

Sang Hoon Cho' - Myung Ji Sim
NK Co., Ltd.
TCorresponding author: shchol@nkcf.com
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ol =ulie] 2AFANM = ING B 7] gl vAE 7P3}1 pow HzHo R LNG
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Study on the toluene removal characteristics of
glass fiber filter coated by TiO, photocatalyst

Byeongjun Jeon - Jie Sun - Donghoon Shin'
Department. of Mechanical Engineering Graduate School, Kookmin University
1‘Correspondineg.f author: d.shin@kookmin.ac.kr
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Analysis of Safety Performance Evaluation of the Internal
Combustion System for Micro Combined Heat and Power System

So-Hyun Kim - Eun-Kyung Lee' - Min-Woo Kim - Jung-Woon Lee
Institute of Gas Safety R&D, Korea Gas Safety Corporation
TCorresponding author: eklee0123@kgs.or.kr
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Risk Factors Analysis of m—CHP System Using
Internal Combustion Engine

Min-woo Kim + Eun-kyung Lee * Jung-woon Lee’

Institute of Gas Safety R&D, Korea Gas Safety Corporation
TCorresponding author: wooni@kgs.or.kr
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Electrochemical Performance of Sputtered Raney Nickel Electrodes
used in Alkaline Water Electrolyzer

WON-BI HAN - HYUN-SEOK CHO - WON-CHUL CHO - CHANG-HEE KIM'
Hydrogen Laboratory, Korea Institute of Energy Research
"Corresponding author: chkl4@kier.re.kr
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Analysis of Risk Factors for Wind — Water Electrolysis — Fuel Cell
Connection System

Ji-Hye Kim - Eun-Kyung Lee' - Min-Woo Kim + Gun-Woo Oh -
Jung-Woon Lee - Jong—Sam Moon
Institute of Gas Safety R&D, Korea Gas Safety Corporation
"Corresponding author: eklee0123@kgs.or.kr
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Annual Conference of the KIHM : High—performance Fuel Cells with
Multiscale Architecturing Method

Segeun Jang'" - Sungjun Kim®* + Sang Moon Kim®"* - Mansoo Choi*** + Sung Jong Yoo!
Fuel Cell Research Center, Korea Institute of Science and Technology!
*School of Chemical and Biological Engineering, Seoul National University?
“Department of Mechanical Engineering, Incheon National University”
**Department of Mechanical and Aerospace Engineering, Seoul National University*
fCorreSponding author: sedorl@kist.re.kr

The capability of fabricating high-performance membrane electrode assembly (MEA) is
a key to commercialize the direct methanol fuel cells (DMFCs). In DMFCs, the
performance loss mainly resulted from two factors: (a) formation of a mixed potential at
the cathode due to methanol crossover through an electrolyte membrane and (b) slow
kinetics of methanol oxidation at the anode. Based on interface engineering approach,
our group has tried to solve both problems. First, we fabricated a MEA with a
multiscale—patterned membrane using creep-assisted sequential imprinting method, which
our group has previously developed for constructing multiscale structures. By using the
multiscale MEA, we achieved improved performances due to enhanced mass transport by
thinned electrode, effective utilization of most active sites, and higher Pt utilization.
Furthermore, we incorporated a guided gold cracked layer into the MEA with the
multiscale patterned membrane. The electrochemically inactive thin gold layer acted as a
physical barrier for methanol crossover and the guided cracks provided multiple proton
pathways. On achieving these additional improvements, finally, the multiscale MEA with
guided gold cracked layer showed significantly enhanced performance by 42.3 %
compared to that of the reference one.
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A Study on the Safety Training for Gas Accident on based
Virtual Reality

Chul-Hee Yu - Hye-Ju Yun * Hyo—Ryeol Lee - Young—-Do Jo
Institute of Gas Safety R&D, Korea Gas Safety Corporation
TCorresponding author: hyeju4413@kgs.or.kr
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CHOI, Na Young Hwan - PACK, Sang Won- SHIN, Soo Yong
Port & Logistics Research Division, Korea Maritime Institute

Study for Port Dangerous Containers to Improve Management
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Health & Safety Dept. FedEx Express Asia Pacific Division

Dangerous Goods Ground Transportation System
— Case Sturdy of a Multinational Logistics Company —

Secheol Shin
Snr. Health & Safety Specialist, FedEx Express Asia Pacific Division
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Accident Prevention and Response Policy
on the Transport of Dangerous goods
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Pollutant accident counter
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A Study on Emergency Response and Establishment of
Escape Plan of Liquefied Chlorine Gas Leakage Accident
Using Quantitative Risk Assessment

Jung-Min Park’ + Dong-Joon Kim

Kyoungil University, Department of Fire Safety
TCorreSponding author: 0527pjm@naver.com
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A Study on the safety improvement of mixed acid storage tank

through the accident investigation applicated by RCA

" . Dong-Joon Kim
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A Study on Emergency response planning for
Hydrogen Fluoride Leakage and Dispersion
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A Case Study on Prevention of Asphyxia accident in Industrial Site

Young—-Taek Choi - Dong-Joon Kim

Kyoungil University, Department of Fire Safety
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Visualization of blast wave for evaluation of explosion strength
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A Case Study on Explosion of Incineration Steam Boiler

HyungSub Lee' - YongJun Kwon® - YoungTaek Choi*
DaeguSeobu Area office - *Accident Investigation Board

1‘Corresponding author: leehyung@kosha.or.kr
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Consequence analysis of toxic gases generated by fire
of Lithium ion batteries in electric vehicle

Eui-young Oh - Ji Yun Han - Seungho Jung'

Dept. of Environmental and safety Engineering, Ajou University
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Corresponding author : processsafety@ajou.ac.kr
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o] =i HA AL = ATtk Ve Y E o] wel LIB celle] HEE 2 T a&o
7Vt olo] uwiel LIBE A3t EV(Electric Vehicle)?] =2 A Z7}star loh. apA]k
EVe a7} S7kge] upeia LIBol #d EV At =3k F7kstar gk 53] & ol
ZA1E, LIBE AHgste 7] Mas duk EVel 2~3ufo] 23k LIB cells ®AstaL glth.
olg|gt P &= LIBx A AAE YFsHA T A= dAst= g 54 7h2~ 9]
A ek EAgth o] AFel = EV SAZ Bk 547 S AAHeR
golsly] sty AHegd AAdHrF TRl PHAST(Process Hazard analysis
software tool)®} AAFFA Y sH(Computational Fluid Dynamics) Z&213 FoA 713 g
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Selective Detection of Hazardous Gases using miniaturized—GC

Wooyoung Lee
Department of Materials Science and Engineering, Yonsei University, 50 Yonseiro,
Seodaemun-gu, Seoul, 03722, Republic of Korea
TCorresponding author: wooyoung@yonsei.ac.kr

The conventional tools for detection and analysis of gases, such as GC-MS, SIFT-MS,
PTR-MS, and etc., are disadvantageous in terms of cost, portability, and complexity.
Here, we developed gas sensors using nanomaterials such as ZnO nanoparticles, ZnO
quantum dots, and SnO, nanowire for detection of acetone, hydrogen, and chemical
warfare agents. Furthermore, we developed a gas sensor and analyzer based on a
miniaturized gas chromatography (GC) column integrated with nano-sensor; this analyzer
is capable of analyzing a wide range of gas concentrations using a small volume (1 ml)
of gas without pre—concentration. The developed analyzer could detect acetone,
hydrogen, and 2-CEES as a simulant of chemical warfare agent selectively as low
concentrations.
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Portable chemiresistive gas analysis system for the Detection
of Nitrogen—based Hazardous Gases

Jinsang Lee
Wanjusandan 6 Ro 237, Bongdong-Eup, Wanju-Gun, Jeollabuk-Do, Korea
TCorresponding author: jslee@accendomotion.com

It is very danger that exposed of nitrogen-based hazardous gases due to even small
amounts can have a fatal effect on the human body. Accordingly, in order to take precise
action, it is necessary to develop a monitoring system that can detect the nitrogen—based
hazardous gases accurately in real time. However, currently developed hazardous gas
detection equipment is as large as GC which has disadvantages of being difficult to carry
or as expensive as FT-IR which representative of optical analysis technic. A portable
gas detection system has been presented, but it can only measure volatile organic
compounds. Single-chip gas recognition system have been reported, but these devices
cannot measure gas concentrations. Therefore, a new portable system is urgently
needed to detect multiple nitrogen—hazardous gases and measure the concentration of
these gases.

In compliance with these demands, we have developed portable chemiresistive gas
analysis system that can detect five kinds of nitrogen based hazardous gases (NH3, TEA,
TMA, NO, and NO2) and analyze gas concentration while providing small volume and
easy maintenance. portable chemiresistive gas analysis system consists of chemiresistive
sensor array, instrumentation board that enables orthogonal sensing modes, and
embedded controller running a sensor array signal processing algorithm to improve
selectivity and prediction of multi—gas concentration.
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Development of electro—chemical sensor system for detection of
residual microorganisms in tap water

Seong Chan Jun' - Youngmo Jung

Department of Mechanical Engineering, Yonsei University, Seoul 03722, Republic of Korea
TCorresponding author: scj@yonsei.ac.kr
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Detection of Nitrogen Containing Compound Gases

Sunglyul Maeng
Department of Electrical and Electronic Engineering, Woosuk University, 443, Samnye-ro,
Samnye-eup, Wanju_Gun, Jeollabuk—-do, Republic of Korea
+ . . .
Corresponding author: sunglyulm@gmail.com

In this study, we investigated the sensing properties of five kinds of sensing materials
(Al-doped ZnO nanoparticles, Pt decorated Al-doped ZnO nanoparticles, Pt decorated
WO3 thin film, Au decorated WO3 thin film, N doped graphene) for detection of five
kinds of nitrogen containing compound gases (ammonia, nitrogen monoxide, nitrogen
dioxide, trimethylamine, triethylamine). The Au decorated WO3 thin film exhibits the
highest response to 10 ppm of TEA and high selectivity to the rest. Also, the results of
that the Pt decorated WO3 thin films had the fastest reaction rate as fast as several
seconds in the reducing gases. It can be observed that the shapes of the response
patterns are quietly different between each gas. Therefore, each gas can be
distinguished irrespective of whether oxidizing or reducing gas, by applying the patterns
to recognition technique.
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Annual Conference of the KIHM : 2D materials for low power
consumption chemoresistive sensor array

Seo Yun Park - Tae Hoon Kim - Ho Won Jang'

Department of Materials Science and Engineering, Seoul National University, Seoul 08826,
Republic of Korea

whCorresponding author: hwjang@snu.ac.kr

Internet of things (IoT) is the network of physical objects or “things” embedded with
electronics, software, and connectivity to enable it to achieve greater value and service
by exchanging data with the manufacturer, operator and/or other connected devices. One
of the key technologies of the IoT is sensors. Gas sensors that convert chemical
information ranging from the concentration of a specific target component to total
composition analysis into analytically useful signals have been widely used in broad
fields. In order to fulfill needs for IoT, low power consumption, low cost, miniaturized
size, and easiness to be integrated with electronic circuits along with high sensing
performance are essential for gas sensors. Gas sensors based on nanostructured
semiconducting metal oxides lead to high reponses to various gases, but they operate
with external heaters to maintain the materials at elevated temperatures. The use of an
external heater not only increases the power consumption but also causes thermal
stability problems, hindering practical applications. Here we present our methods to
enhance gas sensing properties of 2-dimensional materials such as graphene, graphene
oxide flakes, MoSs thin films, and MoS; nanoparticles. We show that surface
functionalization and nano/microscale structural modification are the key in improving gas
response and selectivity. We present our strategy to make sensor array using
heater—less operation of chemoresistive gas sensors based on functionalized graphene
and transition metal disulfides.
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Detection and visualization of hazardous gases using FTIR technology

Young Sup Roh' - Sengpil Cho - Peter Maas® -+ Armin Gembus®
Bruker Korea Co., Ltd., Seongnam-si, Korea + ‘Bruker Optik GmbH, Ettlingen, Germany
TCorresponding author: youngsup.roh@bruker.com

FT-IR (Fourier Transform-InfraRed) spectrometer has been used in rho-vibrational
studies of the gases in the fundamental research fields. Due to the recent development
of FT-IR technique and relevant instrumentation, it become possible to detect the
radiance temperature difference between gas clouds and its backgrounds.

Remote Sensing using the FT-IR enable to detect and identify the chemical gas clouds
by measuring the IR radiation, passed through the gas samples. Remote sensing can be
used as the first responder and/or real time monitoring of the chemical accidents, fire
site, and home land securities, etc.

We introduce the theoretical principle of gas detection base on the layer model of gas
clouds. FT-IR spectrometer for the remote sensing of gas will be presented. Using the
relevant instrument and dedicated software, the remote detection of hazardous or
environment gases will be introduced. The visualization by overlaying the analysis result
with visible image will be given.
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Computational Studies of Used Nuclear Fuels in Molten Salt
Using First—Principles Radiochemistry

Byungchan Han' - Choa Kwon

Department of Chemical & Biomolecular Engineering, Yonsei University
TCorresponding author: bchan@yonsei.ac.kr
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Co—precipitated extraction by intermetallic compound
formation of Lanthanum
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Chemical Thermodynamic Properties of Ternary Calcium Uranyl
Carbonate Species at Elevated Temperatures (10 — 857C)
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Study on Application of Complementary Safety Indicators for
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Development of Scintillator Fiber—optic Radiation Sensor System for
Source Position Tracking and Spectroscopy of Radioisotope
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A Study on Decision of Maximum Credible Hole Size for
Determining the Minimum Safety Distance between Facilities
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Annual Conference of the KIHM : US chemical terror management
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Korea Environmental and Safety Institute
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Chemical Facility Vulnerability Assessment using Network Model

Chuntak Phark, Donghyun Lim, Dasung Park, Yoojin Kim, Shinhee Choi,
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Department of Environmental & Safety Engineering, Ajou University
"Corresponding author: Processsafety@ajou.ac.kr
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A Study on the Safety Training for Gas Accidents
Based on Virtual Reality

Chul-Hee Yu - Hye-Ju Yun * Hyo—Ryeol Lee - Young—-Do Jo
Institute of Gas Safety R&D, Korea Gas Safety Corporation
1Corresponding author : hyejud4413@kgs.or.kr

#H 20129%E 20169744 54d3F F 7heabaz 60631 @HAElem, LP7E~7E 4067
O R 67%, EATIATY 1277402 21%, nd7ba7) 73702 12%E5 Yehdeh 3 A9
T kAR ARl wE ARRLSHES LPG 2.5% #A, EAIZEE 1.0% Ha, L9b:
19.7% <S7vskolth. k7k~7h v Zhel wla] ARLd A A GERRAIRE, ARl St
Fol v 7hx Atarel wls) A yEbdS S Abarel] o @R EC] ol e &
o, mtbzel thek Ak 913e] wolAm vk YTk Fo] @F-Eel 83 TUAE AL
1o bl ddo® AFQ F(Human Error)E & 4 Aok =249 59 52 4 9
Hhop e Hiolu 23 B vla Hm ARAl tiA o] wlFete] AR elojd 7heA
o 2

g 7h b g At M= ahrh o) Bl Al AFEEdE g vk AbaE
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SRS 4 e AR 89S AR AbaL die Y AYE L E s 7k HEE
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Aot AU TAe.

e ZAAQ) FAER ATE 8l A A o FALS THee] /)£ A
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A Study on loT for the Leak Sensor of Harmful Chemical Substance
and the Integrated System of Emergency Safety Management

Seong-Pil Kwon * Geun-ho Kim"' + Si-gab Noh™
Korea Fire Institute, *Metis Co., Ltd, “Flowtech Co., Ltd

H 433 At okdAla F felstetEd Alaie oF 2967 wHAESiew stAAbaLE
201797kA] ¢F 76,0000 0.8 58] F7 sl FAolth,

2018d64€ A H7|EHFA AL 168 FF, FY A2 §F 2 H 34 dErEgd s, o
TAG, AFAE, AR 2x= AE Aol 5 455 felgstEd FER Qg AsdAlEl, )
AR Qlgk I F AAEe] Fele A Srhskar Aok wEbA ol gk AbgdAls] 2 Q1Y
e HAsst7] &l A G Y Al&g g EE20]a, AFAIA b ARt
AdgE A8 AEe ssted w5 AA], AL 2 g AGNESE 7] At TR
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4th industrial revolution's key technology applications to safety areas

Kwang Gi Min
ECMiner Co. Ltd.
TCorresponding author: kgmin@ecminer.com
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Disaster and Safety Policy in the Era of Industry 4.0

Yoon Han Jung

Department of Safety Planning, Ministry of Public Administration and Security,
Sejong 30128, Korea
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The frequency of accidents based on the Reactors Failure Scenario

Dong Cheon Kang - Yong Woo Hwang - Ik Mo Lee - Young Woo Chon'
Department of Environmaental Technology & Safety Technology Convergence, Inha University
TCorresponding author: ponychon@inha.ac.kr
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NF3 A At2fele] Non—-Seal Pump Z4&F AlDlof| st HIE™H AF
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A Forensic Engineering on Explosion Accident of
Non—-Seal Pump used in NF3 Product Line

Eui Soo Kim
Dept. of Safety Engineering, Korea National University of Transportation
TCorresponding author: es92kim@ut.ac.kr

3}4 &~ (Nitron Fluorine Three, NF3)= HFeA] 2 A g A ZFX(LCD) &4 4]
= ARG E 7t2E, dRYolel BAS 12 1% WS B FESa Az
5
[e]

Z e
i

L= | A 2
o]Fsl7] 9% 5 FZUL Ao ARSH A= AA DI FAA gle =4
& 98l HiEA 2= Non-Seal Pump7Zt &23 Wyzte] 5 7bA s F3stH ALE
) %= Z0(Can) E%2] Canned Motor Pump+ Pump® Impeller®} Shaftoll Motor
2ol HAste] st Rotor®z ®HE FE|Z Rotors 15387l $1%F Motor Stator®
70 ko] PumpQtel] 743t 919w Motor Stator®t Rotor Apololl= Hro] &x)stal Motor
Statorel&= FAI7F ¥4 @+ FEE FAH Aok 71EAQ]D Pumpe SA4S A 44
Pump®] 3]d g sdah}t dAAZe} d57|E dAE £9S Pump 2 Pump? o] 45
STt AE7|2 T3AA Id FEE A5 go] F(Lubricant) ¥ dZHCooling) 9
7HA] Q& A FPstie HoA zol7b Jem fFA7E FHo] =M= <k e $)sk
H] Folo A= A4l Mdujolt}, AT 4+ EA A A3 & x4 4 25 Ego=z 9l
8] I AFolA oE FE Alae % 99.99%
= A 2y F

3 3

]jv__
2 I ZHE @ AG TF
okA o
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S FAA ARAC o) AE
D sFAE e BAS FHAaseoF sttt o]o & Ao A= ol WA
°l°] Non-Seal Pump ZA}are] #3k ¥H-F3SHForensic Engineering)? AG3E &3 &
ARl AR1S A FEWEtaL o] AtalE FS T e WES YA FHEte] sd bdALaL
A WAE A Beks AAlS)

wx ZFALY] Zi o] =2 20179 % AF(uSF)e] AQPdoz AT Age] XS whol 423
H 7 ZAFAFE A (No. 2017R1D1A1B03028163)
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Autolgnition Characteristics of Flammable Ternary System

S.H. Kim - J.G. Han - S.D. You- S.J. Park - Y.C. Jang - D.M. Ha™
Dept. of Fire and Disaster Prevention Engineering, Graduate School, Semyung University
“Dept. of Occupational Health and Safety Engineering, Semyung University
+ . i
Corresponding author: hadm@semyung.ac.kr
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Flash point Prediction of Flammable/Flammable Binary System Mixture

S.H. Kim - S.J. Lee* - J.H. Lee™ - M.J. Kim™ - Y.H. Yang™ - W.H. Lee™ - D.M. Ha™
Dept. of Fire and Disaster Prevention Engineering, Graduate School, Semyung University
*Dept. of Clinical Pathology, Semyung University
“Dept. of Occupational Health and Safety Engineering, Semyung University
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Corresponding author: hadm@semyung.ac.kr

AdEe] Al ke bAd HAe Bl Wi AAEAEAE AFS oletA] A A
712 AbEZE YRy g weba Q1 b AA BES fsiM =AMl FHsEskar 8
= A=A AaEAGA ] ool Folunt Tasitt 9l ddE daS54A= 7 {0
VAN 7 digA o Qlshd, A4, FEd, Hadgdwsies, dad, HAUstuA
o

N

AL b B ARIstor FREEM, 53] sh-Qlstie AR, AAgrd R
GHS(Globally Harmonized System of Classification and Labelling of Chemicals) ‘&l 4]
AvEde SRS FEst=d ARE AFREHIL YT RISt TRIES VHEE o
2 7FAA S717F &GRS stkgtel et HAARERE st low, AAH(fire
point) QI38} o] % slglo] 5x o) AHAIA F v 2EEA P = wet Astd A
o7} At FHIAE JFAAVIA(SE TVDE BAHE FAHAA AdE dwetr] fg &
AAZA, 7FAAZ7EE F2 S717F 3719 EFEAS A5 o= A8 WedA Fdsia
1 oolalut T1 o] iol A FdetA] e o] WMeE FHSAga S Fdes vE o
AEAA BT Aol ofH A97F Bow, o7l Aol Q1sHS o] &ste] FdehA Y o
o] Fhsateh,
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Measurement of Autoignition Temperature of Flammable
and Non—-Flammable Ternary System

S.H. Kim - B.I. Choi - GJ. Kim - B.G. Na - D.M. Ha™
Dept. of Fire and Disaster Prevention Engineering, Graduate School, Semyung University
“Dept. of Occupational Health and Safety Engineering, Semyung University
wLCorreSponding author: hadm@semyung.ac.kr

setgge wwel AU 7ge] avHE FAAGoRH, G2 Aglel el 9%ai}
AR oIgle] o] % ol tiASI7E A hek. dw FHeIA Azt WS HW goe
s Qe FUANR AAEE A7t Bk aeng FALA Ed 9 rE sAs
Ae7] g8 A B ALEAAG ANES g2 A% Az AP A 9ok
@t}

AQgANE R, 2485, MEte Fo 8 AAgEde] FEuo W] o
S FoANL WAL SR gow, m faEde] IR A SAlARE 9 A, B
Apgt e S g 5 o <tz

3 HH58 x4 ol

s 3 ApAUE s Fo Fgst AAEALA Feto] 53] Fastt

o] AN FHFEe 3 EAES 47 5Ho] Fo] W, I F 19 9Ho] TR oF
AHAFE MSDSO AF= il P& W oF 58 HAET obF g3 717 o] FolA A &2 A
golth Af7E ®ol FHIFstn o] nxg idy m7lEo A= oo dig 7R ATE
ghits] R8Ysta Qe WA, U= oFF bl w3k ols] E Aol HFH Ao Ao H
SIAANEAR Fr7ke A AEAdel ol A g ZE g AR A Qe
Aol

ZFAdE 3 (Autoignition 22 Spontaneous lgnition): 7FAAZES 7| A0 E 5o FHEHE 9
UX 7} FolR & uf 222 Y] AFste Astddo s, F2HEE FES oUAE wolA

2272 HAstst ¢ JE HAXEE FHAAAJ S E A (Autoignition Temperature(AIT))o] 2}
3l sk
B oAFoA B ¥3E= 7T dadAg SHEA EFE AITE SAsle] 54 A4S

o
e 3AEA] e 2ANAME AITE =3 5= A 48 AA 8T




P0é EAR UH

o
il
[l
il
=
mII
0=
_°,£
rr
2
<
u
13
MO
o
Jor
I
A
Jm
0x
0kl
\N|

A7) 4
Characteristics of Aerosol from Metal Cutting with Plasma Arc Torch

Wonseok Yang - Nakkyu Chae - Minho Lee - Sungyeol Choi'
Korea Advanced Institute of Science & Technology

*Corresponding author: sungyeolchoi@kaist.ac.kr

i

A 451719 LAY HALTF 7Hs Folw 30 o] 7S YA WHATF who] W=
tH1]. o] gt d-dE& Ao st weba AFT]e A vl AG-EA AT S
8ol g AXA Yot LA EH A A Jquqoﬂ’ﬂ WARG oloZ2E&2 A= dS 4
st Ao A T2 EAGTE WA oo ZES ZPRbe] WjF ¥ Fo| F8 Q4o
A Zdate] PSSl WAMY ool 2ES WA sk Aol Fasith WAMG oojZFo] 4l
Ao v A= FdegFS WAbsH F7)5H 4 A A (aerodynamic diameter)ol] T F o] AqTH[2].
A WA doj2E B B HFS 72}7‘10}‘” dd =5 FFES Ad A B WAL
A dAZ2ES 7T S B e AAE FAASA T

718 dAaTtAE ol &ete Eebxvl ol EX(poweramx125)E o] &3t wE5S A
o oolZ2EES WAATY. A AP kdS el ¢Fe dgIHE AdE o
A QoA HAEs sh RE A A2 AEREHE of 0?"4 L5 E }_g et
ot EX¢ &€& 2HET & il AsE ot AvoA MEY
=S HR-ELPI(High Resolution Electrical Low Pressure Impactor) (Dekatl)% o] & 0}04 %
71TEed AAS SHg.

o] A FAE o]&ste] tgd & A Al B dolREY £ 3EH4 A4S F
3 HEAoRE AP s FNE F I

_1>4 ml

ALY F R AT BEATAe] A
s Bt

HuEd

[1] IAEA, “REACTOR STATUS REPORTS Opera-
tional & Long-Term Shutdown”, https://www.
iaea.org/PRIS/WorldStatistics/Operational ByA
ge.aspx,(2018), (accessed July 3, 2018).

[2] M.-D. Dorrian, M. Bailey, Particle size distributions
of radioactive aerosols measured in workplaces,
Radiation Protection Dosimetry, 60 (1995) 119-133.
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Evaluation of Laser—Induced Breakdown Spectroscopy Analysis for
In—situ Detection Possibility of Nuclear Terror Scence

Yunu Lee - Sungyeol Choi'

Korea Advanced Institute of Science and Technology, 291 Daehak-ro, Yuseong—-gu, Daejeon
34141, Republic of Korea
TCorreSponding author: sungyeolchoi@kaist.ac.kr

sl 2 WAL "B 7 dojube @42 g Ekehy, e rE dojd oA A g 93|
= g11“"Jﬂr Algg )82 d5-Ho|n, @RS HEslal ddoA SAE -8 YA d
5 3 EF(LIBS, Laser-Induced Breakdown Spectroscopy)< {240 = —’Fégﬂﬁ}
0}#% o AFAE ArbdS WESHA] 5 2EEF 907 E2% 2102 WA EA 2
ZF =] (Radiological Explosive Device)e] X1 G4 E&o|glal Aetslar il sFA|vk 7)ol 7%
By A7 s 2L 71EY WAk AE AAES gubdel diEiArt ket A A7 &
A o]yl e] ¢ do] Aoyt A0 7hsal, 1 HHAA AEe &Aoo WAE= SHAE T

&
_I_4

=
Ao ok dutHew Aubd wE TS HAEsE V1€ 7lEs By 98, LIBSE
e Ao RE slEde A F7E AT F odvs AS HolEn B =RddAE
LIBS7} =] 87 Selld & 5 e dibadl 245 wide= 3 AZ9ol vdd 5484
s 7= 2EEES AEshe A8H00. ol E Sl Abe=d AEGA T 2ol A
I ZEEH0] ZAolA ‘1%01 = 7 A dFvE

N
Fal AAE T YA A A (Radioisotope Thermoelectric Generator)iTEi % +F 9
= SrF2, SrCO3, Z18]al SrTi039} 2 & 37H4] 334 e & 7[HA= 2EZFo] Agy

Atk o] 37HA sES TRT falEo B4 BAF B e #AMEATH 7 dEe
EHOH/H AZSA7E 707.0 nmoll Al AlLFE AT HESFHAE Fol7] H&liA 2 AEed gis] F
ol 10099 vz SAo] FAFAT. dFnmdAe] 2EEF SFE HAETAZ 9F 10 n
g/em22 7} W g mlomn, ﬂﬂEoﬂfﬂL °F 100.0~150.0 pg/cm?, 183l Zol A=
20.0~90.0 pg/cm2e] #k& WERdT g 7FA] gl F QY HE tE sgEolvds
22 B4 EdAE v HESAE B a ojt}, o] AFeA P3N AuAFLS LIBS
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Annual Conference of the KIHM : Development of a chemical
accident response scenario for central disaster management
headquarters for the integrated training

Youngjin Kim - Seunghyeon Oh - Jongchan Hur - Chonghwa Eun - II Moon"
Yonsei University
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Development of prototype vehicle-mounted mobile decontamination
equipment including hazardous materials collecting device and
prevention agent spraying device
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A Study on the False Fire Alarm for the Analog Photoelectric Type
Smoke Detectors in the Hospital Facilities
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First—Principles Computational Study on Spontaneous Reduction
Reaction of Eu®*" in a LiCI-KCI Molten Salt

Choah Kwon, Seung Hyo Noh, Hoje Chun, Il Soon Hwang®, Byungchan Han'

Department of Chemical and Biomolecular Engineering, Yonsei University
“‘Nuclear System Engineering, Seoul National University
TCorresponding author: bchan@yonsei.ac.kr

Using first principles calculations, we study fundamental mechanism of spontaneous
reduction reaction of Eu®* to Eu®?' in eutectic LiClI-KCl molten salt. We decouple the
reaction Gibbs free energy into enthalpy and entropy contributions using rigorous
thermodynamic formalism. Key structural features of the solvation shell are characterized
by the radial distribution function (RDF) and the coordination number. Compared to Eu*
the Eu®" ion has a more rigid framework of the solvation shells, corroborating its stronger
electrostatic interaction with neighboring ligands of Cl™ ions and a more favorable state
on the aspect of enthalpy. Computations on vibrational frequency, however, pose
significant contribution of vibrational entropy to the reaction Gibbs free energy for the
reduction. Vibration frequency of Eu?" is smaller than that of Eu®*, driving a more positive
change of the entropy in the reduction reaction. Furthermore, an EuZ+ diffuses more
quickly than an Eu3+ in the LiCl-KCIl molten salt with switching mechanism of ligand Cl-
ions in the solvation shell. Our results propose that the spontaneity of the reduction
reaction is driven by the entropic contribution by overcoming the penalty of the reaction
enthalpy.
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Enhanced Acetone Sensing Properties
of Pt-loaded Al-doped ZnO Nanoparticles

Ran Yoo - Aran Koo* - Sungpil Woo - Hyun-sook Lee - Wooyoung Lee’

Department of Materials Science and Engineering, Yonsei University, 50 Yonseiro,
Seodaemun-gu, Seoul, 03722, Republic of Korea
+ . . .
Corresponding author: wooyoung@yonsei.ac.kr

We report the excellent sensing performance of Pt—-decorated Al-doped ZnO (Pt-AZO)
nanoparticles (NPs) for the detection of the hazardous gas acetone (CH3COCHj). The
Al-doped ZnO (AZO) NPs were synthesized using a hydrothermal method in an aqueous
solution containing Al. Platinum was deposited on the surface of the AZO NPs during
sputtering, spontaneously stirring the AZO NPs in an agitated vessel. Under the exposure
to 10 ppm acetone at 450°C, the Pt—-AZO NPs exhibited a remarkably enhanced sensing
response (/) and response time (&) compared to those of the AZO and the pure ZO NPs:
(i) R=421 and & = 2.9 s for the Pt-AZO, (ii) £ = 56 and & = 15 s for the AZO, and (iii)
R =17 and & = 51 s for the pure ZO. Furthermore, the sensing properties of the Pt—-AZO
NPs to 10 ppm acetone was superior to previously reported acetone sensors that are
based on semiconducting metal oxides. From physical and chemical analytic
measurements, we found that the Pt NPs in the Pt—-AZO NPs play a crucial role in
improving the acetone sensing performance. The spillover effect, which is also called as
the catalytic effect of the Pt NPs, can be ascribed to the greater number of oxygen
vacancies, higher carrier concentration, and larger specific surface area in the Pt—-AZO
NPs than in the AZO NPs, providing more active adsorption sites as well as enhancing the
kinetics of the surface reaction.
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A Study on Source-term Modeling Method to Corrosion Product
Behavior Estimation in Reactor Coolant System

Hwajeong Han - Beomkyu Kim - Wonki Kim- Byunggi Park’
Soonchunhyang University

*Corresponding author: byunggi@sch.ac.kr
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Flow diagram of treating waste gas from double base propellent

combustion using fluidized bed reactor

* - Min Oh™ - Il Moon"
Hanbat National University

- Jungsoo Park

*

Raymoon Hwang - Hyunsoo Kim

Agency of Defense Development -

s

Yonsei University -

Corresponding author: raymoon@yonsei.ac.kr
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Simulation of Double—Based Propellant incineration process in a
fluidized bed incinerator and derivation of safe combustion condition
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Damage reduction strategies for chemical accident
using mitigation barrier

Byeonggil Lyu - Kwanghee Lee - 1l Moon"
Yonsei University
TCorresponding author : longs25@yonsei.ac.kr
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First—Principle Study on Stability of He in
Spent Nuclear Fuels after alpha decay

Kwanpyung Lee - Choah Kwon - Byungchan Han'

Department of Chemical and Biomolecular Engineering, Yonsei University
*Corresponding author: bchan@yonsei.ac.kr

We discuss results of first principles density functional theory (DFT) calculations of
UQOy crystals with helium atoms in octahedral interstitial position(OIS) or at the grain
boundary. We consider thorium atoms generated through a-decay when calculating the
incorporation energy of He. We have a result that thorium atoms do not affect
significantly the incorporation energy of helium considering the long half-life of
U-238(4.45 billion years). Also, to mimic grain boundary, we set a hollow nanoparticle
by doing Wulff construction. In the case of UO,, (111) surface with anion termination is
much more stable than any other surfaces(surface energy of (111), (110), (100) are
100.6, 76.2, and 52.8 meV/A % respectively), nanoparticle consists of only (111) surfaces
with anion termination. We discuss results of ab-initio molecular dynamic (AIMD)
simulations to identify the condition that helium atoms in grain boundary could remain
stable, which shows the condition that UOs, crystal could be stable without significant
crack under pressure generated through a-decay.
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A Study on the Prevention Device for Explosion caused by
Flammable Mists in Marine Engine of LNG Fueled Ships

Hyo Ryeol Lee’ - Chul Hee Yu
Institute of Gas Safety R&D, Korea Gas Safety Corporation

1Corresponding author: hrlee@kgs.or.kr

Al 3o ¥ aEe] A $8 $EHE Bk I AE Y3 AW 9 Aole] npAw
9] 2% ol viwo} R Bl vlnE B AR R A BT A 5717 2921
2 955, A7 A 0E 379 HEa 220 450w A ohd ABIAUNA o]
Sl Wag & gt o ke A% 5 ol £ e gshl Bt wsel e Holw
As) 90 3717k AA= A §Ue0] A Tukur A4 PR} 2 A2 Fwo] ol 4
Qle, 53], Aube] A9 Fuk 9 a7k BASY SRR o BE2 J)ues] old 7] Wi
of A2 o2 AT A0, o] A5 theeh ow i Az WAl Aute] Ak
AL o1 | ot ol A ¥ A= Aol A BAFHE o Bz <l
.

=
Al A hE A S-S AASE AR I 2
3 3] (JACS Internatlonal Association of Classification
Soc1et1es)°ﬂ/ﬂb IACS UR M9 785 Al7gste], 2006'd 14 19 o] %o Az 7Alofs]= At
X]J AR #2Eo] 200 mm ool A A A F AHo] 0.6 m® o] FY A AWAA
Hell dyjx Wy HXE o3} shal
%Zﬂ OH/\}7]:rL(IMO Internat1ona1 Maritime Organization) A8} 3|%F 374 H o A3 A A=
dul oz WAlstE fall7taE Qs U7 L9S =ol7] Hsl 2013 FH &% AAE
A]ﬂo} i, 2025714 wid A& 0 52 A %—% Zrststar Q. At AlZARE vl gt Al
=3l7] 918l Aukief LNGE AFgeh oled s <R, 7]&9 ’d‘i}%g LNG=Z &43] o)A s
= ’ﬂmg ZRREstar o, IACS F7gol o3& A4 dejx Wu o] AX|7F A olt}, =4
%‘ﬂ 1= A]¥ 7] ¥l FTZU(Physical Technical Testing Institute)ol]l A+ EN 1479701] )2}
LNG 9% 3¢ A4 I M8 Q3 AP Adhsta ok EN 147978 HES A3}

N REozt 45 s} o AW, T, U A S 0 AREE o), A FAE

gz iue) g 2 b whna) Tl ofe el A9 wjE, AAGS e WH e ol
AR ~x25E AAlsta 72 45 g3 A 8PS Aeesih 8 A A 3
dejz e A3E Beds Saete woh e AR o A9, faas &Y
= &el HohE, 2k 2l wpE BEake] b s o] £k WSt 542 v st
A% ok s A4t e de s we o] g S A8 AF dEA rdds, &
AR AA S Adskal EN147970] weEt s A gs ddsglon], A9 da 8 5345
WSS Slegith. &5 7hA A4 FEE flel Bheae] Adel wE 54 24 A4S &
2 GG A3l dig s AL Ao




P24 TAE UE

A Study on the Stability of Ground Surrounding Hazardous Storage
Facilities Using Geophysical Exploration
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Safety Evaluation Method of Nuclear Facilities Using the Image Data

Woo-Seok Kim'
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Analysis of risk and International DOC(Depth of Cover) Standards
for Installing City Gas Pipelines Crossing a River

Wooil Park - Jongsam Moon - Youngdo Jo - Chulhee Yu - Youngdon Ryou
Institute of Gas Safety R&D Korea Gas Safety Corporation
"Corresponding author: a01042333717@kgs.or.kr
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A study on the improved applicability of initing event and frequency
analysis of Korean off—site risk safety enhancement
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CCPS (Center for Chemical Process Safety)?] LOPAYIE=H7} 7|9, 9= HSE (Health
and Safety Executive)”]¥#2] FRED (Failure Rate of Equipment Data)¥l%® 7|W, HEs=
RIVM (Netherlands National Institute for Public Health and the Environment) 7]39]
TNO Purple book 91848719l 5A4& 48t FFFE 7o) Alad AL} vlud &
Tt oL, olE viFo R Aoy lel A&E = LOPAS 7MAA] RIEE 43Sl
A ATE Fds] e AR AAA 3, A= AFSAIA 8t A 1171 AFLA U
e 91384 Hr7tE 6714 WAow ERste] A&sidtt. 1 A, WA 64 AEg EA
A7k @ WE w2 E PR 107 yr, Y/EFAAE FEWNEE 107 yr, BX Aold

S AT AAAACR et 107 yr, AR 2 giarR gRgAE E3she]
107%/yrg 283 43 OGP ¥29 g% Aol7F 0.1~109 ol & F3 Hth

Aol arr 71o] 9% v‘% A 71 += LOPA(Layer of Protection Analysis)®t OGP (0Oil&
A

ﬂ

Keywords : Off-site Risk Assessment, LOPA, OGP, FRED, TNO Purple book




P29 EAR UH

A study on release rate and damage range through cracks
according to effective leakage areas of indoor chlorine facility

Sollim Kwak - Eunbyul Lee - Youngbo Choi’
Department of Safety Engineering, Chungbuk National University
National Institute of Chemical safety
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Study on Safety and loT Technology of Facility using City gas

HyunMin Ji - Ugwiyeon Lee”
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Importance of information on hazard-risk of chemical
substances through analyzing the status of industrial
accident(chemical leaks and contact)
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Characteristics analysis of fatal accidents due to leakage
or contact of chemical substances
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Evaluation of Thermal Stability of the Fine Dust Generated
in the Zr Laser—Welding Process
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Cases Analysis of Estimation of R—Value for Industries
Using Hazardous Chemicals less than the Small Amount Criteria
in the Small Off—site Risk Assessment
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A Study on Handling Standards of Hazardous Chemicals
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A Study on the Evaluation of Water Reactive Chemicals
Leak Scenarios in the Off—site Risk Assessment
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Experimental Study on the Effect of the volume ratio of droplet to
particle on heterogeneous droplet evaporation

Kun Hyuk Sung - Kyoungchul Ro* - Kwon Hyun Ko™

Chung—-Ang University + Dongyang University
TCorresponding author: kogh@dyu.ac.kr

In fire cases, droplets injected from sprinkler or water curtain can coalesce with
various—sized particles, e.g. soot or ashes, entrained from around a fire plume. A
heterogeneous droplet is defined as a droplet with particle which size is comparable with
drop size. At the interface between droplet and particle, the evaporation rate of the
droplet steeply increases, then it can cause an explosive breakup. The phenomenon can
affect droplet size distribution, number density and overall water loading which are
associated with the extinguishing performance of nozzles.

In the present work, we experimentally investigated the effect of volume ratio of initial
droplet to particle on the evaporation in the heterogeneous droplet. Spherical carbon and
water were used for particle and liquid of heterogeneous droplet, respectively. To
changes the volume ratio, four initial droplet volumes of 1 ul, 1.5 pl, 2 ul, and 4 pl were
considered when the diameter of the particle was 3 mm. The heterogeneous droplet was
suspended with a rod at 15 cm away from the radiator which surface temperature was
fixed to 300 T. Ambient temperature and relative humidity remained 23 C and 40 %,
respectively, during the experiment.

As the results, the evaporation rate of 4 pl case increased about 1.8 times compared
with that of 1 pl case. The evaporation rate increased almost linearly with the volume
ratio, and that is related closely with the contact surface area between particle and
water droplet. The contact surface area remained almost constantly with time, whereas
it increased with the volume ratio. Hence, more heat transfers from particle to droplet as
the volume ratio increases. Consequently, the volume ratio of liquid droplet is one of the
influence factors on the evaporation rate in the heterogenous droplet.
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A Study on the Analysis of Fire Occurrence Factors by City and
Province through Fire Statistics of National Fire Data System
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Gachon University
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Analysis on the Effects of Measured Heat Release Rate on
Duct Shape Factor of Cone—Calorimeter
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“Dongyang University
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Analysis of the Burning Rate Tendency of Liquid Flammable Materials
for the Combustion Time in Compartment Space
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“Dongyang University

TCorresponding author: wjyou@dyu.ac.kr
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Risk Assessment Considering Vulnerable Groups for Toxic Gas Leaks
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A Study on the Limits of Risk Management
Plan Resident Notification System
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Development of Fiber—Optic Radiation Sensor System to Measure
Gamma—Spectroscopy Using a Graded-Index Lens
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Consequence Analysis of Harmful Chemical Substance on
Design of Dike
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Analysis on Durability of High Pressure Vessel
in Hydrogen Fuel Cell Vehicle
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A Study on Behavior of Hydraulic Cycling fatigue Test for
Type3 Hydrogen Composite Cylinder
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A Study on Internal Temperature Variations by Air Pocket during
Ambient Hydraulic Cycling Test in Type—3 Composite Vessel

Daeun Kim * Sungmin Cho - Seungkuk Lee - Jongsam Moon
Institute of Gas Safety R&D, Korea Gas Safety Corporation
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A Study on Data Validity Evaluation and Testing of Intelligent Gas
Meter with Wireless Meter Reading Function
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"Corresponding author: minjun1007@kgs.or.kr
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Real-time detection of 2—CEES by Al-doped ZnO Quantum dots

Jun Ho Lee - Hwaebong Jung - Yong-Sahm Choe* - Wooyoung Lee’
Department of Materials Science and Engineering, Yonsei University,
262 Seongsanno, Seodaemun-gu, Seoul 120-749, Korea
“iSenlab Inc., Halla Sigma Valley, Dunchon-daero 545,
Jungwon-gu, Seongnam-si, Gyeonggi—-do, 13215, Republic of Korea
TCOI’TGSDOl’ldng author: wooyoung@yonsei.ac.kr

We report a new portable warfare agent analyzer consists of a miniaturized gas
chromatography (GC) and Al-doped ZnO quantum dot (AZO QD) sensors. This device

can

analyze of 2-CEES over a wide concentration range within 2 min and use a small

volume of the target gas (1 mlL) without pre—concentration. The average size of
hydrothermally synthesized AZO QDs is approximately 5 nm and these particles exhibit
superior sensing properties over un—doped ZnO QDs. This is mainly due to increased
carrier concentration by doping AI*" into ZnO lattices. The analyzer is capable of
detecting 2-CEES gas as low as 0.5 ppm and its signal is strongly correlated with the
concentration of the target gas. In addition, the miniaturized GC column can separate
2-CEES from other VOCs like DMMP and acetone. In this study, we demonstrated that
a portable device with miniaturized GC columns and AZO QD sensors can selectively
separate and detect small amount of 2-CEES over other gases.
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Study on sodium aerosol leak detection technology

Dayoung Gam' - Minhwan Jung - Jiyoung Jeong

Korea Atomic Energy Research Institute
"Corresponding author: gdy@kaeri.re.kr

The facilities using liquid sodium(Na) like plant or reactor should be able to detect Na
leakage whether operation or shutdown because the Na belonging to Class 3
water—prohibiting dangerous substances has high chemical activity with water and
oxygen. If sodium leaks into a high temperature liquid state, it reacts rapidly with
moisture and oxygen so that toxic aerosol is generated in the air and harms human body.
The components of sodium aerosol are sodium oxide, sodium dioxide, sodium hydroxide,
sodium carbonate, sodium bicarbonate etc. In particular, the threshold limiting value for
the atmospheric concentration for humans of sodium hydroxide is 2mg/m3 because of its
high toxicity.

Therefore, early leakage detection 1s necessary to minimize equipment damage or
accident by generating a trip signal or isolating leakage spot. For small
leakage(100gNa/h) detection, SID(Sodium Ionization Detector), RID(Radioactive Ionization
Detector), DPD(Differential Pressure Detector) and RIMS(Laser Resonance Ionization
Measurement Spectrum) are commonly used as leak detectors for detecting sodium
aerosol that is only about nanogram concentration. The detecting methods of these leak
detectors are physically analysis of aerosol component or measuring electrical signal by
Na 1ons. The detector is mainly configured as a system which samples the gas around
the sodium container or piping and guides it to the leak detector to measure the aerosol
concentration in real time.

This study describes sodium aerosol leak detection system, operation principle,
advantages and disadvantages and application examples as well as characteristics of
sodium aerosol so as to assist the safety of facilities utilizing high temperature liquid
sodium.
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Enhanced Sensing Properties of ZnO Quantun Dots for
Detection of Isoprene

Yunji Park - Ran Yoo - Seungryol Park - JunHo Lee - Hwaebong Jung - Wooyoung Lee'
Department of Materials Science and Engineering, Yonsei University, 50 Yonsei-to,
Seodaemun-gu, Seoul, 03722, Republic of Korea

+ . . .
Corresponding author: wooyoung@yonsei.ac.kr

The sensing properties of ZnO particles have been investigated for the detection of
VOCs (Volatile Organic Compounds), in particular, isoprene (CsHg). According to previous
studies, size reduction of ZnO particles was used as one of the methods for maximizing
the reactivity. Thus, we compared the reactivity of the ZnO particles, classified by
average particlesizes, ~5(so—called quantum dots(QDs)) and ~25nm(so-called nanoparticles
(NPs)), for the detection of isoprene. Evidently, from the X-ray diffraction characteri-
zations, the ZnO particles were successfully synthesized by a wet—-chemical synthesis
method. According to the XPS and BET results, larger number of oxygen vacancies and
specific surface area were observed in the ZnO QDs compared to the NPs. The
maximum response to lppm isoprene was ~42 at 350°C for the QDs and ~5.6 at 500°C
for the NPs. The higher sensing response and lower optimal working temperature of the
Zn0O QDs can be attributed to the comparably active adsorption sites and enhanced
kinetics of the surface reaction from the size effect. Furthermore, the sensing response
of ZnO QDs to 1 ppm isoprene is superior to previously reported isoprene sensors that
are based on semiconducting metal oxides.
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Highly Selective Breath Acetone Analyzer Using a ZnO Quantum Dots
Based Sensor with a Miniaturized Gas Chromatographic Column

Hwaebong Jung - Wonhee Cho* - Ran Yoo - Hyun-sook Lee - Yong—-Sahm Choe™ -

Justin Y. Jeon® - Wooyoung Lee’
Department of Materials Science and Engineering, Yonsei University, 50 Yonseiro,
Seodaemun-gu, Seoul, 03722, Republic of Korea
‘Department of Sport Industry Studies, Yonsei University, 50 Yonseiro, Seodaemun-gu,
Seoul, 03722, Republic of Korea
“Isenlab Inc., Halla Sigma Valley, Dunchon-daero 545, Jungwon—gu, Seongnam-si,
Gyeonggi—do, 13215, Republic of Korea
fCorresponding author: wooyoung@yonsei.ac.kr

Breath acetone is related to diabetes, fasting, fat metabolism, and other numerous
diseases. The conventional tools for breath analysis, such as GC-MS, SIFT-MS,
PTR-MS, and etc., are disadvantageous in terms of cost, portability, and complexity.
Here, we developed a breath acetone analyzer based on a miniaturized gas chromato-
graphy (GC) column integrated with ZnO quantum dots (QDs); this analyzer is capable
of analyzing a wide range of breath acetone concentrations within 2 min using a small
volume (1 ml) of human breath without pre-concentration The developed analyzer
could detect acetone concentrations as low as 0.1 ppm. The response of the ZnO QDs
increased with increasing acetone concentration and was strongly correlated with the
concentration (#=0.9915). In addition, a preliminary testing of the breath acetone
analyzer was conducted through breath analysis of volunteers who were on ketogenic
and normal diets. The acetone content in the breath of volunteers (who were on a ketogenic
diet for 3 days and a normal diet) was monitored using the breath acetone analyzer.
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Acetylene Sensing Properties of M (Al, In)-doped ZnO Quantum Dots

Minsun Park, Ran Yoo, Aran Koo, Yunji Park, Hyun-Sook Lee, Wooyoung Lee’
Department of Materials Science and Engineering, Yonsei University, 50 Yonsei-ro,
Seodaemun-gu, Seoul, 03722, Republic of Korea
*Corresponding author: wooyoung@yonsei.ac.kr (W. Lee)

Acetylene (C2H2), dissolved in oil-filled power equipment, has undoubtedly the most
detrimental risk in terms of safety owing to the arc discharge characteristics. It is
necessary to systematically detect the dissolved acetylene gas for optimum operation
condition which can directly affect the safety and stability of the power system. In
this vein, we report the high-performance C2HZ2 gas sensor based on 1 at% Un-, Al-
and In-doped ZnO quantum dots (QDs) which was synthesized by a wet chemical
method. The phase and morphology of the as-synthesized QDs were characterized by
X-ray diffraction (XRD) and transmission electron microscope (TEM) analyses.The XRD
reveal that Un-, Al- and In—-doped ZnO QDs were successfully fabricated. The sensing
properties of the M (Al, In)-doped ZnO quantum dots were measured via real-time
monitoring of electrical resistance change upon exposure of acetylene in air. The
sensing performance of the C2HZ gas were carried out by exposing the sensor to the
lowest concentration under the working temperature 400C. The response of Un—-, M
(Al, In) —doped ZnO QDs to the 10 ppm acetylene was 2.7, 6.8 and 19.3 in air at the
optimum operating temperature, which are superior to that of other previously
reported C2HZ2Z sensors based on semiconducting metal oxides.
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High—Performance Hydrogen Sensors based on Pd—coated SnO-
Nanorod Arrays for Detection of H. in Air and Oil

Min Hyung Kim - Byungjin Jang - Wooyoung Lee’

Department of Materials Science and Engineering, Yonsei University, 262 Seongsanno,
Seodaemun-gu, Seoul, 129-749, Republic of Korea
+ . . .
Corresponding author: wooyoung@yonsei.ac.kr

We report enhanced sensing properties of Pd-coated SnOs nanorod (NR) arrays for
detecting Ho gas in air and dissolved in transformer oil. The Pd nanoparticles were
coated on randomly ordered vertical SnO, NR arrays by the glancing angle deposition
(GLAD) method, which utilizes an electron-beam evaporator and a DC magnetron
sputtering system. The Pd-coated SnO; NR arrays exhibited high response (104 at 1%
H,) in air. Pd-coated SnO, NR arrays were immersed and in mineral oil that contains
various concentrations of dissolved Hs and the electrical response was measured. We
found that the Pd-coated SnO, NR arrays showed superior response (R = ~96), low
detection limit (0.3 ppm), and fast response times (300 s). The Pd-coated SnO, NR
arrays had a temperature coefficient of resistance (TCR) of 3.69x10-3 °C™! at various
oil temperatures (20-80 °C), indicating good thermal stability at high temperatures. The
sensing mechanism of the Pd-coated SnOs; NR arrays was also demonstrated by using
changes in the Schottky barrier height at the Pd/SnO. interface upon exposure to Hs.
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