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ZEATE AFREAL RS 1S F Qi Alde] w2 Au(A2ge] e Huje A9
@t} o3t A2golA ZrhelAe

Aol FHlo] 9ld I PS5 o= ATl wE AujelAe] F3-54-Z
AbaL

N

N [ER 10] 8l - AFEE 18 (kg)

M3 fall-f8=4 T #F(kg)
1 | A8k 7t Al Z- 35 5,000(4 7 200,000)
2 |dskd A A Z- 5 5,000(4 7 200,000)
3 | Mg o]ihAololE A z-FHT- A% 150
4 | Z2A Az-HF- A% 750
5 |olmad=2yEY A Z- 2 - A7 20,000
6 |gEYo} Az 7 A% 200,000
7 |44 Az F- A% 20,000
8 |o]4itslst A Z-F 5 *7: 250,000
9 | itErEt Az F- A 75,000
10 |ol&sleta A Z-#HF- A% 5,000
11 | AIQkskeA A z-H g A% 1,000
12 | E3rA(FTELY A z-FH 5 A% 1,000
13 | F3lri(FTdE4 A z=-FH A7 20,000
14 | &slei A z=-HF- A% 1,000
15 (AL EE A 27 A% 500,000
16 UEZZYAH Al z2-H 5 A % 10,000
17 (EfIUEEZEFA Az F- A7 50,000
18 |F4 Az F- A7 50,000
19 |Atslolgal Az F- A7 10,000
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23 A aEk ) S5 65% ol 80% TR Z- : 500,000
24 | BB (T F 52% ©)14 | % A% 3,500
25 | EFQYolaA ool E | % -7 100,000
26 |FEEEEA | % -7 500,000
27 | BESIFA A z-HF- A% 2,500
28 | A4S A z=-H 7 A% 750,000
29 |d3 aA A z=-H g A% 750,000
30 | ol4atstd A A z-FH 5 A% 500
31 |d3tged A z-HF-AA: 150
32 | BHE A =z F- A7 100,000
33 | gAtstd A A z-HF- A% 1,000
34 | B4 EfYstE A z-HF A% 1,500
35 uﬂ%oﬂ%ﬂliﬂr&i}% A z-HF A% 2,500
36 | AHE3l B A z-AF A% 150
37 ‘JEEOP"ﬂ A z=-HF A% 2,500
38 |94 EgEFEe=3) A z=-HF- A% 500
39 | Ex Az A3 20,000
40 |AlolFE EFE5E Az-FHE- A% 50
41 | Ax EZZo=3lE A z-FH 5 A7 2,500
42 UER A2 oA FHF 126% °7) Al z-# F - A7 100,000
43 | F4atstal =Y A z-H g A% 3,500
4 | FERA FEE A z-H g A% 3,500
45 |OEFz=zAds A z-HF- A% 1,500
46 |Hod &FErF dstE A z-HF- A% 2,500
47 |HolAXZ2d HZA|LIFIEY o E A z=-HF- A% 3,500
48 | BAHZTH 1% °1) Az H%-Xﬂ %} 1,000
49 | F2HFF 10% 1) Az F - A2 20,000
50 | BAHEF 10% ©14) xﬂ& 2 F-A A 20,000
51 | dEYolE(F% 10% 14 Al z- 2 F- A4 20,000
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o. 5u-9] s}eE&d /A4 27
13. "steAba g Al o] A 5 A4 Al 2Rt A, Al A w935} AAAE], &F
AR SO Q1sle] e o] Aoy A6 fE-FEH WAsE dA RS
Hasi=
A g 7t3] Adb=(HABAZA ASdd) B AdxA1E 7t 5 9] FiFo mE Ala
g EdY % 7= ¥F 103 2k
AtaginlEEE 5 7)E
H _ (AR AR | B A
A= 0] SEeR=}]
& *]—ﬂﬂ]ﬂlgﬁ 3 -3 USH CAS W& —r%k(o‘jﬂ') _},:%]:
FESE e zEdsiol= 2 o]F 1% o4 T ™
! (Formaldehyde) g &3 000050-00-0'| 1,500,000 200,000
W stol =ekal WEl o=kl B olF 1% ol T o
2 (Methyl hydrazine) o &9Ed 000060-34-4 |~ 300,000 10,000
LA LEN E olF 2% oY dud £
3 - s °1F 2% oI B EH | 3061 18-6] 1500000 | 20000
(Formic acid) =3
ge Be W o]2 85% oA ok
4 s Z“L“ R olE 8% ol B 1 000067-56-1 | 1,500,000 | 200,000
(Methanol) =32
WA 2 o2 A e B9
5 | WAl (Benzene) AL SOl 8% ol R ERE | o3| 150000 | 10000
6 | dsivg Ashuel @ o2 1% oAk i3 EF | 000074-87-3| 300,000 10,000
(Methyl chloride) =4
v ol Wgolyl 2 olF 2% o4 FHE & o
7 | (Methylamine) S22 000074-89-5 | 300,000 10,000
A Netstra 9 ol 1% o4 dHd & N
8 | (Hydrogen cyanide) Sz 000074-90-8 | 300,000 1,500
EERE Asld 2 o 01% o4 FHE & N
9| Vingl chioride) Hua 000075-01-4 | 1,500,000 | 200,000
ol %stet olgstEta 9 olE 01% o4 wd o
101 (Carbon disulfide) 324 000075-15-0 |+ 300,000 10,000
RERER sbstolEdl 2 olE 01% o4 e L
1| (Ehylene oxide) reza 000075-21-8 | 1,500,000 | 10,000
I F2A 9 o2 1% oAk gk E3tE
12 - 1% 1% ] HE L 000075-44-5 | 75,000 750
(Phosgene) )
EEFERE E2udolrl 9 o F 25% o4 i N
13| Tyimethylamine) s9za 000075-50-3 | 300,000 10,000
Atz g Astzzad 5o olE 019% o) i o
1 (Propylene oxide) o EEH 000075-56-9 | - 1,500,000 10,000
R MADAE % o|F 25% o} T o
15 (Methyl ethyl ketone) =gEA 000078-983-3 | 1,500,000 200,000
EREE M o AE 2 olE 1% o4 o
16 (Methyl vinyl ketone) s E3Ed 000078944 | 1,500,000 200,000
17 | ozt oAt @ o] 25% oAb BHE E|000079-10-7| 1,500000 | 20,000




28 -« FEEH B4 AP sEEFE A 29 U
H o o | AE AR | B A
5 AtardiH) &4 -89 CAS Wz sekelzh) P
(Acrylic acid) dEA
e oladyolE HE oz olE W o]F 25% o4 o
18| (Methyl acrylate) i mREa 000096-33-3 1500000 |~ 200,000
UEZ A HEZAA 2 ol 2% o FFT
19 (Nitrobenzene) F3u 000098-95-3 | 1,500,000 20,000
JF-UEZEFA HH-HEZEFY 2 o]& 5% o 00
2 (p-Nitrotoluene) k-3t 23E4 000099-99-0 - 1,500,000 20,000
dst wd dg WA 9 o]E 25% o] et & o
21 (Benzyl chloride) ) 000100-44-7| 300,000 10,000
otz =l olAEY Q] E olF 1.0% °4d g3t oL
22 (Acrolein) otz 000107-02-8 | 300,000 10,000
ad F2eo|= ag FReo|E G o5 25% ol & e
2 (Allyl chloride) ek EFEA 000107-05-1 1 300,000 10,000
olAYEUEY olAEEUEY 9 o5 01% ol & e
24 (Acrylonitrile) o3 EEa 000107-13-1| 1,500,000 10,000
o altiolyl oeldtjolyl 9 o]F 25% o]} st
25 (Ethylenediamine) e 000107-15-3 | 300,000 10,000
dPd LT L dHATE 2 o]F 25% ol gt ol
26 (Ally1 alcohol) s5u4 000107-18-6 | 1,500,000 20,000
ESE S Wel-FEE 2 olE 5% ol e oo
27 | ool i, 000108-39-4 | 1,500,000 | 20,000
=) 2ol W o2 85% o4 FeH &
I o 8% oI% T T 100108 883 1,500,000 | 200,000
(Toluene) =3
= . A = 510 5 & 5L
29 HiE 9 olF 5% oA ek E3E4 | 000108-95-2 | 1,500,000 20,000
(Phenol)
oyl w-gEolyl 9l o5 25% o] FHr o
30 (n-Butylamine) o w3z 000109-73-9 | 1,500,000 200,000
Egjodonl Egoeolql 9 o] & 25% o] i3t o
31 (Triethylamine) s5e7 000121-44-8 | 300,000 10,000
oM EAtolE S ELE & o]& 25% o] sk o
32 (Ethyl acetate) s3ea 000141-78-6 | 1,500,000 20,000
ARBIGER 42 o8 1% o) iat
=4, =R | =3 % (Ferric
Aok} E & ferrocyanide) + %% ¢ (Potassium o
e (Sodium cyanide) ferrocyanide) - 438 ¢ (Potassium 000143-33-9 | 300,000 10,000
ferri-cyanide) ¥ 1 % 3slUE i3t
e A3t
ool oeulolyl 2 o]F 25% o] gt Cen
34 (Ethylenimine) F5ua 000151-56-4 | 1,500,000 20,000
EFA-24-tol Aok | o
’ EZo-24-t]o| AAJolo]E W o]
% |l E(Toluene-2,4- | 2.1 24 HelaAopel 1= | ooos84-84-9 | 1500000 | 20,000
. 25% o’} i TFEA
diisocyanate (TDI))




o. 5u-9] s}eE&d /A4 29
=] A Z - A - A A
5 AbaLojn) &4 g 9] CAs W= ‘l]ak(oilf"; = Ajc’
T eldAl T
A atsera AeEs @ olF 2% o4 wHE o
3 (Carbon monoxide) 234 000630-08-0 )~ 300,000 10,000
=YY FRAolE  |o}=YY FRA|E ¥ oF 5% o2 .
ST 1 (Acryiyl chloride) 43 2Ed 000814-68-6 |~ 730,000 20,000
SERE st obed 9 o2 1% o4 FHd & o
38 | ine phosphide) Sz 001314-84-7 | 300,000 10,000
ﬂl%oﬂ%ﬂ]% E})‘\}i}% B8l A E 7A}SIE 2 o]= (Ve
39 (Meth_yl) ethyl  ketone Tj%ﬁ;ﬂ gg}%}fg 1% 25% °1 | 1338 234 750,000 10,000
peroxide
Clo] At o] 2X 2 | HoaAght o] AXE D o]F 25% o o
40 (Isophorone diisocyanate) | 4F $H-3F £3&2 004098-71-9 | 300,000 10,000
ER EZ W o]= 950 A} 3ot BBk
a1 g:min) EE R IR 2% I TR EH g 35| 3000 | 1000
==
EEESS ok @ olF 10% ol THE © N
2 | (ycrogen chioride) e 007647-01-0 | 1,500,000 | 20,000
EEPYT ey Erozsra U olF 1% o4 o
& (Hydrogen fluoride) gk =3EA 007664-35-3 |~ 130,000 1,000
SERE o} @ o 10% o4 FHE &
ZEM qortja) : gg F 1% 10% 1% T2 &) 00 417 1,500,000 | 20,000
3IA} 3AF = =3 0, A} ‘UI-O "_L i‘* A=
B S olE 10% ol TR EXE| (601 039 1500000 | 20000
(Sulfuric acid) 2
43 A W ol 10% ol FRE £TE
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] AR 7 E
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3. 3% Adviolent)stA WHSStAY 23 FAlH FLeFES
3 35}5 3
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1 |2 250 ColA IPD7} 0.01 W/mLo]/de]aL 10 W/mLo]3s}el =2
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4. 7], W, F71d =& gAY Eelse 24
1 gt o= tgsin, sz % Hgst =4
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3. 53 et gv &4
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T oldYS2= Ao ot AN 4 9lew R 7|A(=8314

J/mol-K), T+ 523Ko|t}.

—E/RT
Rate = Conc™™ X Appp< e 4

1

. g _ 9 Norder g 1—order — [(J/mol)/[J] (mol K)¥]]
: = X ({—— X (—) X
UNITS mLXs (mL) (mL) (s) ©
IPD = — AHX Rate
w _J g
'NIT. — X —=
UNITS mL g mLXs
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(E 2-10) NFPAQ] E4I2/d(Water Reactivity) X|&55 U ZAPIE

el 23 A HAEE I H| a1
EukS Ao A 45HS 1EEA
4 01O
o a
3 1600 cal/g Z& 1 o)A Z LA (explosive) B
2 1100 cal/g ©]* 600 cal/g "]t | W= 3k(violent) HH-S-
1 |30 cal/g ©]% 100 cal/g "9+ | A= $H(vigorous) HHS-
0 |30 cal/g =%t Hh-&-512] s

3) FALH(UN) fH= &7

UN RTDG(Recommendation on the Transport of Dangerous Goods,
RTDG)E SuEe @Rl tal Ago] Hv Al q EAHo 4 ﬂaﬂ

= 998 0 FAH alsE 3 vhAE AFolt AP 4R ¢
s of B3 FAALE ARetel w2, AE, F¥ Y MY 5o RE g550
of 4g=m, UN RTDG @ 988 BFs <E 2-11>% 2& ¥ee 7
Bk
(Z 2-11) UN RTDGO] ol3t 932 B2
= T

Class 1 | 3} (Explosives)
Class 2 | 7}F2=F(Gases)
Class 3 | €18} A7 (Flammable liquids)

7}a4 &4 (Flammable substances)
Class 4 | 4.1 : 7}Fa4 324(Flammable solids), AF71¥F-44 &2 (Self-
reactive substance), 714 gFeF+(Desensitized explosives)




56 .. 3}3

&
il
i)
il
Ac)
o
do
jaici
oX,
ol
i
M
Ju
it
Ho
el
td
%
1
=
i)

TR T
42 - AARrsAd A &2 (Spontaneous substance)
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A E2 2 f7]34E8E (Oxidizing substances & Organic
peroxide)
Class 5

51 : 23k &4
52 1 F713ts=E

=25 2 AdA EZ(Toxic & Infectious substances)
Class 6 | 6.1 : 5%
62 : A9A 54

Class 7 | ®AHd &2 (Radioactive materials)

Class 8 | 244 &2 (Corrosive)

O

98 E4d 2 Al (Miscellaneous dangerous substances &
Class 9 :

4) DOW 3tA] - FEA| 4

DOW Index+= 3HAl- 52915 Aoz FAIshs FREIGEH]-FE 94
A]4= : Fire & Explosion Index)9} A1 &2 2] 3halo] w2 93 S Az o=w
Alsh= CEI(3FeHE A 22 9J8FA] 4= : Chemical Exposure Index)® I A &=
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(B 2-12) A5 WEXH
WA R A
#1. 94 2 7k NEPA325M B B B B B
Flammability or Combustible or 49 Nr=0 | Nr=1 | Nr=2 | Nr=3 | Nr=4
# 2. NON-Combustible Nf=0 1 14 24 29 40
FP > 93°C Nf=1 14 24 29 40
FP > 37C <93°C Nf=2 10 14 24 29 40
FP <93C, BP > 93°C Nf=3 16 16 24 29 40
FP < 33C, BP < 38°C Nf=4 21 21 24 29 40
# 3. Combustible Dust or Mist
St-1 (Kst <200 bar < /sec) 16 16 24 29 40
St-2 (Kst = 201-300 bar < m/sec) 21 21 24 29 40
St-3 (Kst <300 bar < m/sec) 24 24 24 29 40
Combustible Solids
# 4. Dense >40 MM Thick Nf=1 16 16 24 29 40
# 5. Open 40 < MM Thick Nf=2 21 21 24 29 40
# 6. Foam, Fiber, Power Nf=3 24 24 24 29 40
(E 2-13) 91878 229 39X e
WA 25 (°C) Nr
> 400 0
305-400 1
215-215 2
125-215 3
<125 4
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(E 2-14) Fele 09y ol Ed=EA: I oY Add =X
e AR = e 9 ENsEE T)E
N Zukgteo] =31 AN PN > am kg |,
P sanil we A4S (dP/dt) > O kPam min -kgf1
> uylolky o] ;-;x] ol  3Zuylolyl
1 =2 H 3T v, 12 HT 3 -1
PN > 10 kPa-m’k and
Nrp=3 | 454570 wEo/ Y ye T
.0 (dP/dt)N <10 kPa-m’min kg
a7
Nrp=2 Zaketdo] = ¢roil ¥ PN < 10 kPam’kg !, and
P78 meateesw sl e Ao | (dP/dON > 10 kPa-m*min kg
Nro-1 Zketeo] =4 ¢komA] Z PN < 10 kPam’kg |, and
P et g et vhe 49 | (dP/AON <10 kPam’min kg !
el B I P B <
Nrpoo | © oo FIRA see =
R = I ot R L
o1
o T

(2) Heikkila

Heikkilax= "Inherent safety in process plant design: an index-based
approach”, 1999) 445 %3}9] total index(chemical index + process index)
7|9t slekg ol gt BAJMAAFTE AEste] A AEFSATE Chemical indexol
= WY 7pAA Eukg =4 BEAAC chemical interactiond} e 24 1

2] 3L process indext™ 33E4 inventory, &A% U 4 Ax|otAd orA )

71X I = F EZAAA S (total inherent safety index), I,= 3}8H4 &

2ok A 4>(chemical inherent safety index), Ipq= 37422 HAA 4 (process



0. ul-9) 8sted EFAA - 61

inherent safety index)o|th. o|wf, I+ T3} 2t}

[CY = ]RHM7maX + ]RS', max + [N]Zmax + (]FL + ]EX+ ]TOX)max + ]COR max (2_2)

ot

A7V Lypfe FEESl tigh Whg-d A B A4 (reaction heat subindex for
the main reaction), Ipe= FHHEOl tHeF WhEE A E A% (reaction heat
subindex for the side reaction), Iy;= WHSAFE2HE A B A4 (chemical
interaction subindex), I+ U8 A EAF(flammability subindex), Iy

ZubA B2 (explosiveness  subindex), Iy & =F A HA S (toxic

exposure subindex)®]il, I p= F21/3 A BA G (corrosiveness subindex)©| T},

B Lpps T A3 2ol YERdT
IP[ = II+ [fmax + [P,max + IEQ,maX + IST,maX (2_3)

o171 i oWlEe] M EAS(inventory subindex), [,= &32% AHEA|
F=(process temperature subindex), I, 34 YE A B2 (process pressure
subindex), Iy A<M A B A< (equipment safety subindex), 123l Ig=

SPH TR TF A H A4 (safe process structure subindex)©]
bl Al Awd e AFolx 1HE 84 F ‘i%%“, A5 28

v

% Fe4 4

_]

[e]
Zow ZUHE FAdAe 543 FH =],
Hatayama 5(1980)o] #|¢k3k wkS-% i&% AeA SF7IFL <F 2-16>F

ol ekl 4 9

(chemical interaction), 7}F<1%
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T WHE-4/FRkS, FRkE
0 Thermally neutral < 200 J/g or endothermic
1 Mildly exothermic <600 J/g
2 Moderately exothermic <1200 J/g
3 Strongly exothermic <3000 ]J/g
4 Extremely exothermic > 3000 J/g

(E 2-16) SoI2Y 2o YA APST MEXR

S5 shsbd 458 S| sy daas
13 | 44 2-3 | 7t A4
4 |3 e

1| 384 2o vt b A4 | 23 | 358 FPue
2-3 | B2 44 1| 184 =484

7F14d e Fel tE AEASFE <E 2-17>F 2ol Qs ¥ wjdE

aHste] EU # 3 (Pyotsia, 1994)& wskal, ¢4 (explosiveness) 9185w ©
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(B 2:20) AR WY, TRAMAE U £5 FWo| o2 VRS 1

o =2/d i
Ads=
734 g Congestion | Congestion | Congestion
A Low Medium High
High ST >1.0 m/s 3 4 4
Medium | 1.0 m/s <SI <04 m/s 1 3 4
Low SI <04 m/s 1 2 3

7h dEF3el A e Tt W FT)

WATAAAE BUGE 45E} Fas] ] AEAAR(KY S
Apess
dpy  _  Kg B

vessel

Ag7to| Aol HAZ QA SHS E7F37] Y ERAZAR]4(Kst)
9} A ZF=(ASTM and _EN)ol A Al E39A 274 70 mE 1138}
o] <F 2-21>3} o] Aottt

(B 2-21) YU 37] U KstE D2 2N AU5T

Average particle diameter, pm
Kst, bar m/s <70 ; ;Do <d <250 - > 250
< 200 2 1 1
> 200 3 3 2
> 300 4 3 3
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}[f + [Pmax
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Iy =
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HeEEE Qakus AP WS ANEL, o5 ALASE AYNA =
WAL 2E ARASE BAAPAS HFHE 4 329 o] AL

Al (3-2)0l A ZF ABEAFE <3FE 3-1> ~ <3 35> A o] 7+

- - 1
7} 5ele BRoR BRHL, 159 49ARE 557 209744 4
2 wojatsith

(B 3-1) MPAR(201410)9] 2AsPy 53
Q. =l
= GHS ®57])% 27 4 %jé"? %;

1 918kl > 93°C (GHS B-77]Fe 99 40 0 4

2 605C <Q3kd < 93°C (534) 52 4 8

3 23T < 934 < 605C (573) 52 3 12

4 |98 < 23Colx, #eH > BT (572 4 23 16

5 [913}4 < 23Tolx, #=d < 3T (57:1)] 39 20 20

T GHS BRoAd 02 2w



(F 3-2) 2138A7(2014'H)9)

o A

%A_.
ISRl IR RS R
al]
-
ﬂ%%%m@mw
A
op| ob
A==
===
| O ||
A e A R
) —
SIVvIiVvIVvI]Z
o Q
| T ]
BIA|B| BBV
,mu_<_<_<_wa
A e v wp| <
=
===
T B
mﬁ12345

" NFPA 68 2 SFPEelA 2719 2967

(E 3-3)

e

{H
0 o | R = | w0
iy
-
| OIR |~ |m
oy
.| 25|22
W VIV IV S
W | S|H|{WH|H|
dro | (AT A A A
.e HECEES o
5 Y 5| 4
AN AL AEAM
o | 4] oo | oo | oo |
0 O
me | VI VIV e
Zo /m, /m. WS _z#o
N |0 | o
o OO
mﬁ —S | MO

"NFPA 68914 ®i1% 1177 7)o

no
ljo

A7(20141)0] ALl

SH
o

A

Al

(HE 3-4)

e

Eoﬂudloomu
-
MWQO9W
alo]
-
ﬂ%9%m
A
[ORNS)
(@]
C|B|E
%/\/\
= |~ B
2 a2
— | V|V
<lolo
B
B8
JHIZS

Lo




70 - A EH B4 APAH sHEHEFE A 22 s
4 6o C < AIT <260 C 30 8 16
5 AIT <65 C 4 6 20
" Understanding explosion(1999)¢] 2.11% 1667 729 Adutsles 218
(B 3-5) MgAF(2014'9)9] 388 5=
Ha | ==
5 A 24 4 %;%_ﬁ? @_‘ir
1 A < -50 MJ/Kg 39 3 4
2 -5.0 MJ/Kg < A4 < -35 MJ/Kg 14 7 8
3 -35 MJ/Kg < AA<E <0 MJ/Kg 32 23 12
4 0 MJ/Kg < AHE < 1.0 MJ/Kg 25 7 16
5 AL > 1.0 MJ/Kg 8 10 20
" HFFECEEAL 20000 FEH 108F9] B AR
<HE 31> ~ <FE 35> MEASF SHATFE ARESte] 4 (3-2)
of osl AEH 50709 QEg Al D A HAFL AAAGTE
<3} 3-6>3 2t}
(E 3-6) MPAR(2014H)N Asbd A L Yol FESIol
mE Y AR
PR 2 % AAE | A4 | A8 | AdEs | dAasE | AF
T = Ay | A | A | 2EEF | ZHF A7
1 oM & &l 20 16 20 12 20 R
2 o gl 20 20 20 12 16 38
3 T 16 20 20 8 20 4
4 1-5-H 16 16 20 12 12 76
5 x4 16 16 20 12 12 76
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]VEG+ [DP+ ]DV+ [AH + [A

Ba}iL, o]
]FES

-
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P
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o] W3sHvolume of explosion gases)AF~, Ipp= 34 (deflagration point) <] 57,
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. e A523% & 73
Ipy= %34 % (detonation velocity) A7, Ly = ARARIAAE, 223 1,
= FgAgro|th,
2 (3-3)¢] &4 HBEAFE <X 37> ~ <E 3-11>elAef o] %
7F 59A THoR BRI, 05w 478NAMEE 453 20874 A
= Fofeit

(B 3-7) 18A7(20141)9] F& H-3 =25 W} §

T Volume of explosion gases Zﬂdg;r%é] A
0 VEG < 500 2 /kg 3 4
1 500 ¢/kg < VEG< 700 ¢/kg 2 8
2 700 2/kg < VEG < 900 2 /kg 27 12
3 900 ¢/kg < VEG < 1100 ¢ /kg 18 16
4 VEG = 1100 2 /kg 2 20

(B 3-8) MfA+(2014)9] EAH 52
53 zqy A
I

0 ZAH > 30 T 6 4
1 300 T < #FA4 <30 C 8 8
2 250 T < #FA4 <300 C 8 12
3 200 T < 94 <250 C 12 16

4 AR <200 C 12 20




74 - B2 BOH APH FFERE A9 w4 Y
(E 3.9) NHAR20141)0] EUAE 53
sa 2945 BT
T
0 ZEE < 5000 m/s 2 4
1 5000 m/s < FFHE < 6000 m/s 5 8
2 6000 m/s < EFFEH% < 7000 m/s 12 12
3 7000 m/s < FFHE < 8000 m/s 20 16
4 Z325E > 8000 m/s 7 20
(E 310) NUAR(2014¢)] HHY 53
- A4 s A
T
0 A e < -3.0 MJ/kg 2 4
1 -3.0 MJ/kg < AAdEy < -2.0 MJ/kg 6 8
2 -20 MJ/kg < AAdEy] < -1.0 MJ/kg 18 12
3 -1.0 MJ/kg < AAdaEs] < 0 MJ/kg 16 16
4 Ag }\6] oﬂ E“J’] 0 ]/kg 18 20
(E 311) NEAT(20144)0] B 53
53 B 982 a4
T
0 Zdtd < 2.0 MJ/kg 3 4
1 20 MJ/kg < Z9+d < 3.0 MJ/kg g 8
2 30 MJ/kg < S < 40 MJ/kg 21 12
3 40 MJ/kg < 9 <50 MJ/kg 14 16
4 Zdtd > 50 MJ/kg 11 20
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3 FEAE 6 | 12 | 2 16 20 | &4
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2462 A4 6 -IAIE
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10| ZAarslel=zxl 8 16 | 16 20 16 | 76
11 HEZ 2 & 12 12 20 16 16 76
g dd=e 2
12 Henole 8 16 | 16 12 20 | 72
Efo}n] ol el
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(LOF) 2 9 4 10
1 1 2 5




b

R4

= Il
H

=

LOF¢} COF

=

=

0
H=

=4

ot COF 5

=t
=

o= LOF &

]
Al

4-1>01 4 A A 7hsAd 2 Al e A7,
At

VA
3t

<

Aahe 33l Ao}

Ay
Al

EEN-]

|

A

o

L=

A 7
@43l
(4-3)

ol Kok 2
(4-2)

=
o

=

1E1RE]S
=

A
| (4-2)s} 2ol AL 7}

(4-33 o] Z

At A3kl M overpressure)

Al
-

o]
e

wr
=
Els

19] 3hA)- %

A

=i
=
7]

=

A

N %
iﬂ =i

ol

=5

Uehd= skt sl 9

o

Wb Qs oA 9 7149 S 919

(1) A3k
(2) A3H%

o] I3H4
€

o

L=

i

[e)

(VEG)7} 27 4%



=
foby
i)
il
i)
o
il
Ac)
2
o
el
oX
>
i
b
%
1>
=
i)
ME,
do
jaici
oX,
ol
ol
M
Hu

- 103

S nzo}
upebA 13t A9 shA H A
ehil EA4 Aol oJ@ Aadzel

— Jz
-~
=
to,
L
o
ot
2
i3
ox
N
off
oL
o

I
>
e
N Q2
%
Q‘L
rlr
=)
of 12
1o
=2
[
R

oX,
o
HC

K
|2
i3
o
o
oX,
rlo
1>
-~
ol
B
m
S
e 1 oft
]
U
~
B = 1
N
)
[

|
o
!
o
=
[t

r o
tob
oX,
=
)
10,
|
=3
Ho
ek
oX,
Il
r o
o
o,
i
r o
k)
X
i
o
dp>
=8
-
o

2) 34 % B AL 4E

ey A 2 A1Ask sy wAle BA R w91y

4 4-5)9% 2ol el & glonz, A3 A2EAAs 2ol
she Aol theat ol 84 o

o
N =
> o
H

o

!

—

M

P

> 1> e

~ (T
A
0,
I
ro,
oX,
12
2
N}
~N
__)ivl‘
lo,
oty
>
we,
|
e
o
ook
N

flo e

&N
;N
1>
w
S
W,
>,
5
-
)
iy
s
i
Ku)
i
4
%0,



104 - shehEd 294 994 SRERE A8 294 )y
Ipg=1Ipp>XIng (4-8)
o HolA I8t Ii= A8y mAlel shAslEAset Burelgln| o),

Ippe ZARAT, 1, © FEAAT 22l [ v FFEEA G0,

3) 3HA-FT AR 4=
3o arol| Aot o] shA-Zd APAFE 7 MEAGE] For b=

s Aol theat ge @Azl ik
O 4 MEAFY THEFe suis Foiiyel wet sha-Z 93~

7t W3t
O @Al MA= 2F MBEAG] s udshA g
welA olsh 2 EARE alzalt o SA-EW APASE 9o

AMof ol shA-F ThsAda AbuAd A7)0 mjEH 2 os HEAS AF

Fohe ol uth gedos BUNBE, 984 4EF EYS P A

g3ke) A5 AA] L olAlel B9 sy wAle HA-Fd S19AF 4E

4g Aeasle.
At HA = 7))
At A H 71Ae] A AR A 4-6)3F FZo] AU TS

e GG S S ARBA 249 TS dad s

sz gEd S oolm, B 984S 4 @D gol Thud beye

P P
22 yepd = Al



weba] Q13 ol @ /1Ale] kAl B AGHE B R B AP HNA
S o] AT b9l sk AnAR Ahd P ArbEg HfEY
22 el & gonE, s A¥AFE 4 (-10% 2ol A9 EA

T} ZUE x| sto g A=t 4= 9it)

Lrgre = Lpp pp < ([AHC+[BV) (4-10)
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5 | tslelda 5 3 5 15 25 40
6 -5l 5 4 3 20 15 35




106 - 3}3

= olshy =2 A | Aad | das= 3:’3]'1]] —f*“é Rk
bl A | A A | A A | A8AE | A
7 2 5) 4 3 20 15 35
8 | L3-FgHa o 4 3 20 15 35
9 1-3dl 5) 4 3 20 15 35
10 | HrEoe = 5 3 4 15 20 35
11 | Atstz=zgs 5 3 4 15 20 35
12 | Egjudonl 5) 4 3 20 15 35
13 of o 4 2 20 10 30
14 R 5 4 2 20 10 30
15 v g o) 4 2 20 10 30
16 S o 2 4 10 20 30
17 | oHEUTE|= 5 3 3 15 15 30
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AIT
ARC
ASTM
CEI
COF
DSC
DTA
ERPG
F&EI
GHS

7l & A

Autoignition Temperature

Accelerating Calorimetry

American Society for Testing Materials

Chemical Exposure Index

Consequence of Damage

Differential Scanning Calorimetry

Differential Thermal Analysis

Emergency Response Planning Guidelines for Air Contaminants
Fire & Explosion Index

Globally Harmonized System of Classification and Labelling

of Chemicals
Instantaneous Power Density

Risk index of AIT

Risk index of burning velocity
Chemical inherent safety index
Corrosiveness subindex

Risk index of deflagration point
Risk index of detonation velocity

Explosion risk index of flammable liquid and gas
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Ipg Explosion risk index of flammable solid

Iy Explosiveness subindex

Irg Equipment safety subindex

Iy Flammability subindex

Tepre Fire & Explosion risk index of flammable liquid and gas
T Fire & Explosion risk index of flammable solid
Lrp pp Risk index of flammable point and boiling point
T Fire risk index of flammable liquid and gas

Irg Fire risk index of flammable solid

Iy Chemical interaction subindex

g Inventory subindex

Irpr Risk index of LFL

Ip; Process inherent safety index

I Process pressure subindex

1, Risk index of maximum explosion pressure
Loy Reaction heat subindex for the main reaction
Ipng Reaction heat subindex for the side reaction
Y Safe process structure subindex

I Process temperature subindex

Iy Total inherent safety index

Trox Toxic exposure subindex



PSM
RTDG
UFL
VEG

Risk index of volume of explosion gases

Risk index of heat of explosion
Risk index of decomposition enthalpy or heat of reaction
Risk index of heat of formation

Deflagration index of gas
Deflagration index of dust

Lower Flammable Limit

Likelihood of Failure

National Fire Protection Association

Fire value

Health value

Reactivity value

Process Safety Management

Recommendation on the Transport of Dangerous Goods
Upper Flammable Limit

Volume of Explosion Gases






- 141

[

o3
i

WH

[2] ©]

, 2011

<

ABA AT

A+, 2013

T

;O\_

!

-

3o
[4] AENS 9, Fshabm

SRS

A

d 72 (PSM) A = 7

A
il

g

h 8

oF

—

NV

;O~l

o

wK

[7]1 o144 ¢, GHS 3¢}

drAg S8 AT, FFUY YY), 2008

2007

AL 2007
[9] NFPA 704, Standard System for the Identification of the Hazards of

Materials for Emergency Response, 2012

[10] UN, Globally harmonized system of classification and labeling of

chemicals (GHS), 4th ed., 2011



T

e A

142 - 3884 B4 A9 SHER

ot

]

A% way A

[11] Anna-Mari Heikkild, “Inherent Safety in Process Plant Design An
Index-Based Approach”, Ph. D. Thesis, Helsinki University of
Technology, Finland, 1999

[12] E. Salzano and A. D. Benedetto, "Inherently Safe indexes for
Explosions in the Process Industry”, Ernesto Salzano/Revista de
Ingenieriapp. pp. 73-78, 2012

[13] SFPE Handbook of Fire Protection Engineering, third edition,
National Fire Protection Association & Soclety of Fire Protection
Engineers, 2002

[14] T. C. Hofelich, B. A. Prine, and N. E. Scheffler, "A Quantitative
Approach to Determination of NFPA Reactivity Hazard Rating
Parameters”, Process Safety Progress, Vol.16, No.3, pp. 121-125,
1997

[15] V.H. Carreto-Va'zquez, I. Herna” ndez, D. Ng, W.]. Rogers, M.S.
Mannan, "Inclusion of pressure hazards into NFPA 704 instability
rating system”, Journal of Loss Prevention in the Process
Industries, Vol. 23, pp. 30-38, 2010

[16] NFPA 68, Standard on Explosion Protection by Deflagration
Venting, 2007 Edition, NFPA

[17] D. Crowl, Understanding explosion, 1999

[18] GHS Classification Guidance for Enterprises, Ministry of Economy,
Trade and Industry, 2009

[19] NFPA 704, Standard System for the Identification of the Hazards of
Materials for Emergency Response, 2007 edition, NFPA

[20] CB. Etowa, PR. Amyotte, M.J. Pegg, and F.I Khan,



FaEd - 143

"Quantification of inherent safety aspects of the Dow indices”,
Journal of Loss Prevention in the Process Industries, Vol. 15, pp.
477-487, 2002

[21] Sanjeev R. SARAF, Molecular characterization of energetic
materials, Ph. D. Thesis, Texas A&M University, 2003






- 145

o
-

mr

[F5 1] F2 Q&M Hx| I JIH|






I

-z

n

1] £ I8y o

2 IIHe =2 &

= — Zed [ 929 | 98 [9rEn
5l Ay =4 © ok | (0 | ems)
1 obA & -83.33 -49.98 -17.8 166
2 o &=l -103.8 -50.39 -136.1 0
3 I -252.2 -142.92 Gas 312
4 1-5-¢l -6.11 -48.55 Gas 51
5 X -47.22 -49.01 -107 51
6 R -23.2 -46.16 -51 2
7 olaH Z }o|EY 77.22 -33.04 0 50
8 o] &3} ek 4 46.11 -14.48 -30 58
9 o) gt -89.44 -55.71 Gas 47
10 Abstol & &l 10.56 -26.71 -17.78 108
11 x 23 —42.22 -50.45 -104.4 46
12 1,3- €l ol -4.5 -44.12 -76 64
13 1-= el 30 -48.17 -28 50
14 Al S 2 EZ I -31.48 -49.7 41.67 56
15 o dlo|l 55.56 -36.82 -28.89 46
16 gl -60 -16.55 Gas 83
17 Askud -13.89 -189 78 52
18 =) 1444 -42.94 27.22 52
19 S RE -0.5 -49.53 -60 45
20 el e 98.4 -44.59 -4 46
21 g g = -24 -31.3 -41 84
22 Al F =29 e o 42 -44.78 -46 46
23 ol EY Y| s = 21.11 -27.1 -38.89 52
24 ol =g ¢l 51.67 -29 -26.11 66
25 Slg= el e 96.67 -31.9 21.11 52
26 il Al 80 -41.37 -11.11 48
27 Al Z 2 At 81.67 -4.71 -20 46
28 todoj gl = 35 -36.85 -45 47
29 ke Ak 63.89 -48.78 -21.67 46
30 v gF -161.6 -55.65 Gas 40




148 ... 83

= — EE T P B B R = Py
9l Ay =4 O | ok | 0 | s
31 25 125.56 -38.82 13.33 52
32 ARt 24 34.44 -30.23 -37.22 2
33 o] A~ g golrl R -39.67 -37 31
3 Al R = 36.1 -48.81 -49.44 46
35 X Py ey s = 48.8 -31.14 -9 58
36 -1 g s gt 174 -47.71 46.11 43
37 Al E 2 A g 49.26 -46.93 =7 44
38 =54 110.56 -42.91 4.44 41
39 Ego|dolyl 89.44 -43.02 -8.89 52
40 O] 3 < v &t 265 -41.18 127 35
41 olA E 56.11 -31.36 -20 54
42 o] A ZIUH 82.5 -30.15 11.67 41
43 7+ (100-=-¢h) 397200 43.51 -43 40
44 AL 7F 287 -4'7.26 135 44
45 o} M| E Lol € 77.22 -25.53 -4.44 38
46 o e d= 78.33 -30.64 12.78 38
47 W g ez 63.89 -23.88 11.11 56
48 Fd Yo} -33.33 -22.47 Gas 45
49 SN = -192.2 -5.9 650 46
50 Ol EY ol E &81.67 -30.6 5.56 52
51 maRgels 117.22 -30.02 28.89 52
52 | = Eolady ol E 145 -31.58 4778 52
53 2~ 146.11 -42.12 31.11 52
54 E g] o "ol 3.33 -43.25 -1.20 52
55 ol M| EAIR] Y 71.67 -22.69 -7.78 3




[RE 2] 2 25tM 1HQ] S21H MA
T R Zdd | THY | E2HEL
W e 24 ) | M) | (em/s)
1 UERuYE 185 5.855 8260
2 gty E g olvl (EDNA) 180 4.699 7570
UEZo|AREZFTAE
3 U E o 185 7.661 7600
4 HEZY 185 4.773 7570
5 | AgddEYEHEHGUEHOE | 202 5.85 8400
6 Z2H) 2 A A9 (PVN) 175 4.781 7000
7 | UIHYEYEIANYEH O E 200 5.144 7400
8 Aaksto]l =2k7l 229 4.827 8690
9 UEZZFZ 217 7.289 7300
10 fodaZg] 2y EY o E 190 4.566 6600
11 2 27 287 5.249 9100
12 12462 4' 6 -AUEZTH Loy | 250 4.075 7200
13 246-EZUEZ Y E 210 3.37 6850
14| 3-E=R-124-Ego}&-5-9 270 3.148 7860
15 | Egloln=FolHdUEH o E 227 3.974 5300
16 EZUERolE 285 3.777 6300
17 | AW E A E 2 9| Z ol =tjolnl | 200 3.45 4500
18 AL E & of B 175 2.884 4950
19 el Y E 2 Wl Al 291 2.666 6100
20 Eglol ol ERZ E T4 300 4.564 6900
21 EFUEZI 346 3.589 7300
22 EYUEZHZAIUEY O E 300 3.911 7600
23 SIER=0Y 300 3.437 7350
24 AR F I IAYolE 320 2.871 7150
135-Egolu x=-246

25 e guE = 384 3.062 7350
26 o dltjoliti JE o] E 400 3.814 6800
27 o} 2] 3}t 360 1.638 5300







Abstract - 151

Abstract

Development of Model Formula for the Classification of Risk
Ranking of Chemical Substances by Physical Hazards

Tae-Ok Kim

Department of Chemical Engineering, Myongji University
116 Myongji-ro, Cheoin-gu, Yongin, Gyeonggi—-do, 449-725 Korea

Objectives : Currently, hazardous substances and substances of prohibit,
authorization and management are classified, taking into account the extent
of physical risks and health hazards, but this is only a part. Therefore, to
evaluate the risk level of the chemical in any physical risk criteria, there is
a need for a study of whether to classify. In particular, it is necessary to
develop a classification model formular of risk ranking of chemical
substances to complement and improve the problems of the research report
performed by KOSHA in 2014. In this study, we developed model formulas
for classification of risk ranking of chemical substances by physical hazards
and classified the risk rankings of the major chemicals using the model
formulas in order to establish the criteria that can be systematically

managed by the risk ranking.

Methods : Risk indexes suggested in the previous research report "A



T

152 - 3884 Beld 994 SHERE A% may A

ot

study on the classification of the physical hazards of chemicals”(2014) were
analyzed. And model formulas for classification of risk ranking of flammable
substances by physical hazards presented based on the risk matrix. By
using the proposed formulas, the risk rankings of various flammable liquids,
gases and solids were classified and feasibility study with domestic similar

classifications and comparative reviews was performed.

Results : In this research, domestic and foreign chemical classification
systems and materials on the classification of risk ranking were investigated
and analyzed. And in order to complement the problems of the results of
the previous research (2014), formulas for calculating fire and explosion
risks of flammable gases and liquids and flammable solids were proposed by
using the concept of risk matrix. Based on these risks, the risk rankings of
the major chemicals were classified for the fire and/or explosion risks. And,
the classification results for the fire and/or explosion risks were validated
by comparison with similar research results. In addition, management plan
at the business and improvement plan of system for hazardous materials

risk were proposed.

Conclusions : The results of this research will contribute to the
prevention of major industrial accidents to be able to systematically manage

the hazardous chemicals in the workplace

Key words : risk ranking, risk index, physical hazardous, fire and

explosion, chemical substances
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